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[bookmark: _Toc471216307]Common abbreviations
	Abbreviation
	Meaning

	%Dose 
	% of compound excreted in urine relative to administered dose

	(1S,2R)-F2782 
	p-hydroxy levomilnacipran

	(1S,2R)-F2782 glucuronide 
	p-hydroxy levomilnacipran glucuronide

	5HT
	serotonin

	5-HT 
	5-hydroxytryptamine (serotonin)

	AAG
	α1-acid-glycoprotein

	Ae 
	cumulative amount of unchanged compound excreted into the urine from time zero to time t

	AE 
	adverse event

	ALT 
	alanine aminotransferase

	ANCOVA 
	analysis of covariance

	ASEX
	Arizona Sexual Experiences 

	AST 
	alanine aminotransferase

	AUC 
	area under the plasma concentration versus time curve

	AUC0-∞ 
	area under the plasma concentration versus time curve from time 0 to infinity

	AUC0-inf 
	area under the plasma concentration versus time curve from time zero to infinity

	AUC0-t 
	area under the plasma concentration versus time curve from time zero to time t

	AUC0-τ 
	area under the plasma concentration versus time curve from time 0 to the end of the dosing interval, τ

	AUC0-τ,ss 
	area under the plasma concentration versus time curve during the dosing interval, τ, at steady-state

	AUMC0-inf 
	area under the first moment of the plasma concentration versus time curve from time zero to infinity

	AUMC0-t 
	area under the first moment of the plasma concentration versus time curve from time zero to time t

	b.i.d. 
	twice daily

	BA 
	bioavailability

	BE 
	bioequivalence

	BMI 
	body mass index

	BP 
	blood pressure

	BSA 
	body surface area

	C12h 
	observed plasma concentration 12h after drug administration

	C24h 
	observed plasma concentration 24h after drug administration

	Cav,ss 
	average plasma drug concentration at steady-state

	CFB 
	change from baseline

	CGI-I 
	Clinical Global Impressions–Improvement

	CGI-S 
	Clinical Global Impressions–Severity

	CI 
	confidence interval

	CL/F 
	apparent clearance

	Clast 
	last measurable plasma drug concentration

	CLcr 
	creatinine clearance

	CLr 
	renal clearance of the drug from plasma

	Cmax 
	maximum plasma drug concentration

	Cmax,ss 
	maximum steady-state plasma drug concentration

	Cmin,ss 
	minimum plasma drug concentration during a dosing interval at steady-state

	CSR 
	clinical study report

	CV 
	coefficient of variation

	CYP 
	cytochrome P-450 enzyme

	D 
	day

	DBP 
	diastolic blood pressure

	DBP 
	diastolic blood pressure

	ECG 
	electrocardiogram

	ECT
	electroconvulsive therapy

	F
	bioavailability

	F17400 
	N-desethyl levomilnacipran

	F2695 
	levomilnacipran

	F2696 
	the opposite enantiomer to levomilnacipran

	FETZIMA 
	levomilnacipran hydrochloride/F2695

	GG 
	-globulins

	h 
	hour/s

	HAMD-17
	17-item Hamilton Rating Scale for Depression

	HAS 
	human serum albumin

	HBcAb 
	hepatitis B core antibody

	HBs 
	hepatitis B antigen

	HbsAg 
	hepatitis B surface antigen

	HCV 
	hepatitis C virus

	HIV 
	human immunodeficiency virus

	HR 
	heart rate

	HSA
	human serum albumin

	IBW 
	ideal body weight

	ICH 
	International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use

	IR 
	immediate-release

	ISE 
	Integrated Summary of Efficacy

	ISS 
	Integrated Summary of Safety

	ITT 
	intention to treat

	IUD 
	intrauterine

	IVRS
	interactive voice response system

	IWRS
	interactive web response system

	Ka 
	absorption rate constant

	LB
	lower bound

	LC/MS-MS 
	liquid chromatography with tandem mass spectrometry

	LLOQ 
	lower limit of quantification

	LOQ 
	limit of quantification

	LS
	least squares

	LVM 
	levomilnacipran

	MADRS 
	Montgomery-Åsberg Depression Rating Scale

	MADRS-CR 
	Montgomery-Åsberg Depression Rating Scale, Clinician Rated

	MDD 
	major depressive disorder

	MEI-SF
	Motivation and Energy Inventory –Short Form 

	Min
	minute/s

	MR 
	modified-release

	ms 
	millisecond

	NADPH – β
	nicotinamide adenine dinucleotide phosphate, reduced

	NE 
	norepinephrine

	NEAE 
	newly emergent adverse event

	PCS
	potentially clinically significant

	PD
	pharmacodynamics

	PK 
	pharmacokinetics

	PMM
	pattern mixture model 

	PopPK 
	population pharmacokinetic analysis

	PW 
	premature withdrawal

	QD 
	once daily

	QTc 
	QT interval corrected for heart rate

	QTcB
	QT intervals using Bazett’s correction

	QTcB 
	QT interval corrected for heart rate using the Bazett formula (QTcB = QT/(RR)½)

	QTcF
	QT intervals using Fridericia’s correction

	QTcF 
	QT interval corrected for heart rate using the Fridericia formula (QTcF = QT/(RR)⅓)

	QTcNi 
	QT intervals using individual correction

	QTcNi 
	QT interval corrected for heart rate using an individual correction

	R2 
	coefficient of determination

	SAE 
	serious adverse event

	SBP 
	systolic blood pressure 

	SD
	standard deviation

	SDS 
	Sheehan Disability Scale

	SNRI 
	serotonin-norepinephrine reuptake inhibitor

	SR 
	sustained release

	SSRI 
	selective serotonin reuptake inhibitor

	SVES 
	supraventricular extrasystoles

	T0 
	time of drug administration

	t½ 
	terminal elimination half-life

	TBM
	to-be-marketed

	TCA 
	tricyclic antidepressant

	TEAE 
	treatment-emergent adverse event

	Tlag 
	lag time (time delay between drug administration and first observed concentration above LOQ in plasma)

	Tmax
	time of maximum plasma drug concentration

	UB
	upper bound

	ULN
	upper limit of normal

	Vc/F
	apparent volume of the central compartment

	Vd/F 
	apparent volume of distribution based on the terminal phase after oral administration

	WOCBP
	women of child bearing potential

	WT
	body weight


[bookmark: _Toc471216308]Introduction
This is a Category 1 type A submission to register levomilnacipran hydrochloride 20, 40, 80 and 120 mg extended release capsules for treatment of major depressive disorder (MDD).
The submission proposes registration of the following dosage forms and strengths: extended release hard capsules containing 20, 40, 80 and 120 mg of levomilnacipran.
Levomilnacipran is a selective serotonin and noradrenaline reuptake inhibitor (SNRI). It is reported to inhibit both the norepinephrine (NE) and 5-hydroxytryptamine (5-HT, serotonin) reuptake with an approximate two fold more potent inhibition of NE reuptake than 5-HT reuptake transporters. It is the more active enantiomer of the racemate milnacipran. Milnacipran has been approved in the US, Argentina, South Korea and Australia for fibromyalgia and in 49 countries for depression.
The Australian approved indication for milnacipran is management of fibromyalgia.
[bookmark: _Toc471216309]Clinical rationale
Current treatment of MDD include tricyclic antidepressants (TCAs, for example, amitriptyline), selective serotonin reuptake inhibitors (SSRIs, for example, fluoxetine), selective serotonin and norepinephrine reuptake inhibitors (SNRIs, for example, duloxetine) and some other agents. As there are still patients who have an insufficient response to current antidepressants, there is a clinical need for further therapies.
With respect to the SNRIs, the sponsor’s rationale for the NE and 5-HT activity is that targeting both systems may produce improvements in components of MDD that are associated with both noradrenergic (for example, alertness, energy, pain, attention) and serotonergic (for example, mood, anxiety, obsessive-compulsive behaviors) neurotransmission (sponsor’s Clinical Overview). The sponsor states that as levomilnacipran has a greater potency at inhibiting NE compared to 5-HT. This is in contrast to other SNRIs which have a greater effect on 5-HT than NE reuptake. Levomilnacipran was therefore developed to provide MDD patients with a safe and effective alternative to the current drug treatment options (sponsor’s Introduction and Clinical Overview).
All studies were conducted in the US and Canada and sponsored by Forest Research Institute Inc apart from Study F02695 LP2 02 which was sponsored by Pierre Fabre Medicament. It was stated that the two companies partnered for the clinical development of levomilnacipran.
Levomilnacipran has the drug code of F2695. There are 3 other SNRIs approved for treatment of MDD in Australia; duloxetine, venlafaxine and desvenlafaxine.
The proposed dosage is:
The recommended dose range for Fetzima is 40 mg to 120 mg once daily, with or without food. Fetzima should be initiated at 20 mg once daily for 2 days and then increased to 40 mg once daily. Based on efficacy and tolerability, Fetzima may then be increased in increments of 40 mg at intervals of 2 or more days. The maximum recommended dose is 120 mg once daily.
FETZIMA should be taken at approximately the same time each day. Fetzima should be swallowed whole. Do not open, chew or crush the capsule.
[bookmark: _Toc471216310]Contents of the clinical dossier
[bookmark: _Toc471216311]Scope of the clinical dossier
The submission contained the following clinical information:
Nineteen clinical pharmacology studies, including 19 that provided pharmacokinetic data and 1 that provided pharmacodynamic data
One population pharmacokinetic analysis
One population pharmacokinetic/pharmacodynamics study
Four short term (8 week double-blind treatment, doses 40-120 mg/day) placebo-controlled studies in adult patients with MDD (LVM-MD-01, LVM-MD-02, LVM-MD-03, LVM-MD-10).
One short term (10 week double-blind treatment, doses 75-100 mg/d) placebo-controlled study (F02695 LP 2 02).
One relapse prevention study (LVM-MD-05).
One open-label 48 week extension study (LVM-MD-04).
Two studies in other indications (fatigue associated with MDD, generalised anxiety disorder).
Five periodic adverse drug experience reports (October 2013 to July 2014), literature references, table for the Integrated Summary of Efficacy, an Integrated Summary of Safety, and a Cardiovascular Analyses Report.
[bookmark: _Toc471216312]Paediatric data
The submission did not include paediatric data. The sponsor stated that in the US there is a waiver for paediatric studies in the 0 to 6 year age group and a deferral for ages 7 to 17 in the treatment of MDD until 2018.
Comment:	The sponsor has been asked to outline the paediatric clinical development plan.
[bookmark: _Toc272414612][bookmark: _Toc290846236][bookmark: _Toc433200202][bookmark: _Toc471216313]Good clinical practice
[bookmark: _Toc241374282]The sponsor stated in the Clinical Overview that all studies were conducted in accordance with ICH GCP and the Declaration of Helsinki.
[bookmark: _Toc355338639][bookmark: _Toc471216314]Pharmacokinetics 
[bookmark: _Ref271017296][bookmark: _Ref271018924][bookmark: _Ref271018934][bookmark: _Toc272414614][bookmark: _Toc290846238][bookmark: _Toc433200204][bookmark: _Toc471216315]Studies providing pharmacokinetic data
Table 1 shows the studies relating to each pharmacokinetic (PK) topic.
 

Table 1: studies providing PK data
	PK topic
	Subtopic
	Study ID
	*

	PK in healthy adults
	General PK 
	F02695 GE 1 01
	PKs following single and repeated oral administrations of an IR form

	
	
	F02695 GE 1 02
	PKs of 3 SR versus the IR formulation

	
	
	F02695 LP 1 01
	In vitro/in vivo correlation of SR form and absolute BA compared to IV form

	
	
	LVM-PK-12
	BE of 120 mg dose of the TBM and clinical trial SR forms and effect of food

	
	
	LVM-PK-19
	BE of 120 mg dose of the TBM and clinical trial SR forms

	
	
	LVM-PK-14
	BE of 120 mg dose of the Elan-TBM and clinical trial SR formulations

	
	
	LVM-PK-16
	Comparison of SR formulation and oral solution

	
	
	LVM-PK-06
	Effect of food on the BA of 40 mg levomilnacipran capsules

	
	
	LVM-PK-01
	PKs following administration of single and multiple escalating doses

	
	
	LVM-PK-15
	PKs following oral administration of 40, 80 or 120 mg 

	
	
	F02695 LP 1 02
	Interconversion of enantiomers

	
	
	LVM-PK-03
	Mass balance and metabolism of [14C] levomilnacipran

	Population PK
	Healthy and MDD
	LVM-MS-01
	Population PK analysis

	Special populations
	Hepatic Impairment
	LVM-PK-05
	Effect of hepatic impairment on single-dose PKs

	
	Renal
Impairment
	LVM-PK-02
	Effect of renal impairment on single-dose PKs

	
	Age/Gender
	LVM-PK-04
	Effects of age and gender on PKs

	PK interactions
	CYP3A4/5 inhibition
	LVM-PK-08
	Effects of ketoconazole at steady state on the PKs of a single dose of levomilnacipran

	
	CYP3A4/2B6 inducer
	LVM-PK-09
	Effect of carbamazepine XR on the PKs of levomilnacipran SR

	
	CYP3A4 substrate
	LVM-PK-10
	Effect of a levomilnacipran SR at steady state on the PKs of alprazolam


* Indicates the primary aim of the study.
None of the pharmacokinetic studies had deficiencies that excluded their results from consideration.
[bookmark: _Ref269118175][bookmark: _Toc272414616][bookmark: _Toc290888465][bookmark: _Toc290888616][bookmark: _Toc433200205][bookmark: _Toc471216316]Summary of pharmacokinetics
The information in the following summary is derived from conventional pharmacokinetic studies unless otherwise stated.
[bookmark: _Toc272414617][bookmark: _Toc290888466][bookmark: _Toc290888617][bookmark: _Toc433200206]Physicochemical characteristics of the active substance
The following information is derived from the sponsor’s summaries in Module 2.
Levomilnacipran (F2695) is a selective and potent norepinephrine (NE) and serotonin (5-HT) reuptake inhibitor.
Figure 1: Chemical structure
[image: ]
CAS number: 175131-60-9
Molecular formula: C15H22N2O, HCl
MW: 282.8
Description: Levomilnacipran hydrochloride is a white to almost white powder. It is freely soluble in water, aqueous media from pH 1 to 7, ethanol 96% and butanol, and sparingly soluble in acetonitrile. It is non-hygroscopic with a pKa value of 9.65. The partition coefficient is predominantly hydrophilic at neutral and acidic pH.
[bookmark: _Toc433200207]Analytical methods for detection
Plasma
A validated LC-MS/MS method was used to determine plasma levels of levomilnacipran and F17400 in the studies. Using this method, the lower limit of quantification (LLOQ) of levomilnacipran in human plasma was 1 ng/mL with mean accuracy and precision of –5.0% and 5.2%, respectively. The LLOQ of F17400 in human plasma was 1 ng/mL with mean accuracy and precision of –4.0% and 3.7%, respectively. The dynamic range of the assay for both analytes was from 1 to 200 ng/mL.
A modification of this method, which had a wider dynamic range (1 to 500 ng/mL), was used to determine plasma levels in the following studies: LVM-PK-07, LVM-PK-09, LVM-PK-10, LVM-PK-12, LVM-PK-15, LVM-PK-16, and LVM-PK-19.
Urine
A validated LC-MS/MS method was used to determine urine levels of the free bases of F2695 and F17400 in the following studies: LVM-PK-01, LVM-PK-02 and LVM-PK-05. The LLOQ for F2695 and F17400 in human urine was 100 ng/mL with accuracy and precision of less than or equal to ± 3.5% and 1.9%, for F2695 and less than or equal to ± 9.7% and 3.5%, for F17400. The dynamic range of the assay was 100 to 5000 ng/mL for both F2695 and F17400.
[bookmark: _Ref271189106][bookmark: _Ref271189143][bookmark: _Toc272414618][bookmark: _Toc290888467][bookmark: _Toc290888618][bookmark: _Toc433200208][bookmark: _Toc471216317]Pharmacokinetics in healthy subjects
[bookmark: _Toc272414619][bookmark: _Toc290888468][bookmark: _Toc290888619][bookmark: _Toc433200209]Absorption
Sites and mechanisms of absorption
Following a single 120 mg, oral dose of the TBM-formulation of levomilnacipran SR in healthy subjects, the Tmax occurred at 6.0 h following dosing and the t1/2 was 13.8 h (Table 2).
Table 2: Mean ±SD pharmacokinetic parameter values of levomilnacipran
[image: ]
[bookmark: _Toc241374287][bookmark: _Toc272414620][bookmark: _Toc290888469][bookmark: _Toc290888620][bookmark: _Toc433200210]Bioavailability
Absolute bioavailability
The absolute bioavailability (range) of the SR2 formulation of levomilnacipran, that is, the formulation primarily used in the clinical trials, was calculated to be 100% (82 – 114%; Table 3).
Table 3: Main pharmacokinetic parameters of F2695 after single oral dose of 50 mg SR1, SR2 and SR3 formulations (expressed as geometric mean (geometric CV%) and [range]
[image: ]
Bioavailability relative to an oral solution or micronised suspension
Study LVM-PK-16 compared the PKs of levomilnacipran following administration of 120 mg dose of the SR capsule and a 40 mg dose of levomilnacipran oral solution in 21 healthy subjects. Following dose normalisation, the Cmax value for the SR capsule formulation was 40.4% lower than for the oral solution with 90% CIs being outside of the 80-125% range, whereas, the AUC0-t and AUC0-inf values for the SR capsule formulation were only 9% and 7.5% lower, respectively, than for the oral solution (Table 4). Median Tmax of the SR formulation was statistically significantly greater (+2 h, p < 0.01) and the mean t1/2 of 13.7 h for the SR formulation was longer than that for the solution formulation (10.6 h).
Table 4: PK parameters (mean ±SD) for levomilnacipran in healthy male and female subjects after oral single dose administration of levomilnacipran oral solution and SR capsule formulation. PK analysis population
[image: ]
Bioequivalence of clinical trial and market formulations
As stated in the Formulation Development section of this report, two manufacturing facilities have been identified for the production of the TBM-formulation of levomilnacipran SR. Studies LVM-PK-12 and LVM-PK-19 examined the bioequivalence between the TBM-formulation manufactured at the primary facility [information redacted] and the clinical trial SR formulation, whereas, Study LVM-PK-14 compared the PKs between the TBM formulation from the secondary manufacturing site [information redacted] and the clinical trial SR formulation.
The studies indicated that following a 120 mg dose in healthy subjects, the TBM SR formulations from both [information redacted] were bioequivalent with the clinical trial formulation of SR levomilnacipran as the 90% CIs for Cmax and AUC fell within the predefined confidence limits of 80 - 120% (Tables 5, 6 and 7). Although the Tmax and t1/2 values for the Forest-TBM formulation were similar to those of the clinical formulation, the Tmax value for the Gant-TBM formulation was statistically significantly different to the Tmax of the clinical formulation (p = 0.037) and occurred approximately 60 min earlier.
Table 5: Mean ±SD pharmacokinetic parameter values of levomilnacipran
[image: ]
Table 6: Mean ±SD pharmacokinetic parameter values of levomilnacipran
[image: ]
Table 7: PK parameters (mean ±SD) for levomilnacipran in after a 120 mg single oral administration of levomilnacipran sustained release capsule in healthy subjects. PK pharmacokinetic analysis population
[image: ]
Comment: No studies directly compared the Forest- and Gant-TBM SR formulations and although these 2 formulations would most likely be bioequivalent, it may help explain the difference in Tmax identified between the Gant-TBM SR and the clinical trial SR formulations seen in Study LVM-PK-14. There were differences in AE profiles between the Elan and clinical trial formulations (see Section All adverse events (irrespective of relationship to study treatment) Other studies) and a question has been raised.
Study F02695 GE 1 02 compared the PKs following a 25 mg dose of the initial IR formulation of levomilnacipran and 50 mg dose of 3 moderate release (MR) formulations, including the clinical trial SR formulation, in healthy subjects. This study identified that the plasma concentration-time profiles were modified for the 3 MR formulations when compared to the IR formulation (Figure 2) and that all three MR formulations displayed prolonged absorption compared to the IR formulation (Table 8). For the clinical trial formulation (that is, SR2/MR2), the median Tmax occurred 5.5 h later and the t1/2 was approximately 3.6 h longer than for the IR form.
Figure 2: Plasma concentration-time profile of F2695 (expressed as geometric means) were obtained after single oral administration of F2695 as IR formulation (25 mg) or as MR1, MR2 and MR3 formulation (50 mg) in fasting conditions (n=10 subjects)
[image: ]
Table 8: Main PK parameters of F2695 (expressed as geometric mean (geometric CV%) and [range] 
[image: ]
Bioequivalence of different dosage forms and strengths
No studies specifically examined the bioequivalence of the proposed strengths of the TBM SR levomilnacipran capsules.
Bioequivalence to relevant registered products
Not applicable.
Influence of food
Study LVM-PK-12 compared the PKs of levomilnacipran following a single 120 mg dose of the TBM SR formulation in healthy subjects following an overnight fast of at least 10 h and a high fat breakfast[footnoteRef:1]. The results indicated that the ratios of geometric means for Cmax, AUC0-t, and AUC0-inf were between 100.8-102.3% and 90% CIs of the ratios were in the range of 97.13-107.79%, suggesting that food had no effect on the bioavailability of the TBM levomilnacipran SR formulation. [1:  FDA standardised high-fat breakfast (approximately 50% of the total caloric content of the meal is fat).] 

Similarly, following a 40 mg dose of the clinical trial formulation of SR levomilnacipran under fasted and fed conditions in healthy subjects (Study LVM-PK-06), the 90% CIs of the geometric mean ratios of Cmax, AUC0-t and AUC0-inf fasted/fed were all within the range of 80% to 125%.
Dose proportionality
No studies specifically examined dose proportionality for the proposed strengths of the TBM SR levomilnacipran capsules; however, two studies (LVM-PK-01 and LVM-PK-15) examined dose proportionality following a single administration of a range of doses of the levomilnacipran SR clinical trial formulation in healthy subjects.
Study LVM-PK-01 examined the PKs of levomilnacipran following single doses of 25 mg (1 x 25 mg capsule), 50 mg (1 x 50 mg) or 100 mg (2 x 50 mg) of the clinical trial SR formulation manufactured by Pierre Fabre Médicament. Following a single dose, levomilnacipran Cmax and AUC0-inf values increased dose-proportionally with R2 values 0.9638 of 0.9808, respectively. By contrast, the median Tmax of levomilnacipran after a single oral administration of all three dosage strengths was 6 h and mean t1/2 values ranged from 11.1 to 11.8 h (Table 9).
Table 9: Main pharmacokinetic parameters of F2695 and F17400 in healthy male and female subjects after single oral dose of 50 mg of F2695 SR PK population
[image: ]
Dose proportional increases in levomilnacipran Cmax and AUC were also identified in Study LVM-PK-15 which examined levomilnacipran PKs following 40 mg (1 x 40 mg capsule), 80 mg (2 x 40 mg) and 120 mg (3 x 40 mg) of the clinical trial SR formulation. As in the previous study, Tmax values for 3 doses were similar and ranged from 6 to 8 h and t1/2 values ranged from 12.4 to 12.9 h (Table 10).
Table 10: Arithmetic mean (SD) plasma PK parameters of levomilnacipran excluding subjects who reported a TEAE of vomiting within 24 hours after dosing 
[image: ]
Bioavailability during multiple-dosing
Study LVM-PK-01 also examined levomilnacipran PKs following administration of multiple escalating doses of the clinical trial SR formulation, ranging from 25 mg to 300 mg. As in the single dose studies described previously, levomilnacipran Cmax, AUC0- and Cmin values increased dose-proportionally following treatment with multiple escalating QD doses as indicated by the R2 values of 0.9743, 0.9808, and 0.9665, respectively .The median Tmax ranged from 5-6 h and mean t1/2 values following multiple doses of 100 mg and 300 mg QD were 15 h and 11.3 h, respectively (Table 11). Steady-state was achieved by the third dose on Day 3 and the accumulation indices were fairly stable over the dose range examined, ranging from 1.296 following the 300 mg dose to 1.486 at the 25 mg dose.
Table 11: Mean (SD) PK parameters for F2695 and F17400 healthy male and female subjects after escalating multiple-dose oral administration of F2695 SR capsule formulation. PK analysis population
[image: ]
Effect of administration timing
Not examined.
[bookmark: _Toc241374288][bookmark: _Toc272414621][bookmark: _Toc290888470][bookmark: _Toc290888621][bookmark: _Toc433200211]Distribution
Volume of distribution
The Vd/F values following single doses of 40 mg, 80 mg and 120 mg of the clinical trial SR formulation in healthy subjects were 405 L, 444 L and 429 L, respectively (Table 10).
Plasma protein binding
Study CEPC 05-0164, which examined the in vitro binding of [14C]-F2695 to human blood cells and plasma indicated that [14C]-F2695 plasma protein binding was low (~22 %) and that binding to human serum albumin (HSA) and to 1-acid-glycoprotein (AAG) was very low, with values of 12.78% and 6.30 % respectively, whereas, no binding to GG was detected.
Erythrocyte distribution
Binding of [14C]-F2695 to blood cells in buffer was low and non-saturable with the percentage bound ranging from 48% to 57% (Study CEPC 05-0164).
Tissue distribution
The volume of distribution following a single 40 mg dose of levomilnacipran was 405 L (Table 10) which suggested that distribution of levomilnacipran to the tissues is extensive.
[bookmark: _Toc272414622][bookmark: _Toc290888471][bookmark: _Toc290888622][bookmark: _Toc433200212]Metabolism
Interconversion between enantiomers
Study F02695 LP 1 02 examined the potential for interconversion of levomilnacipran to its opposite enantiomer (F2696) after a single oral administration of 50 mg in healthy male volunteers. The results indicated that F2696 plasma concentrations were below the LOQ for all subjects over the whole sampling period (from 1h up to 72h post-dosing), indicating the absence of interconversion of levomilnacipran to its opposite enantiomer in human plasma.
Sites of metabolism and mechanisms/enzyme systems involved
The in vitro study, XT104114, examined the role of human cytochrome P450 (CYP) enzymes in the N-dealkylation of levomilnacipran to F17400 in human liver microsomes. NADPH was found to be an essential component in this reaction. Based on three approaches to reaction phenotyping (correlation analysis, antibody inhibition and recombinant human CYP enzymes) multiple CYP enzymes (namely CYP2C8, 2C19, 2D6, 2J2 and 3A4) were implicated in the transformation of F2695 to F17400 with CYP3A4 being one of the major enzymes involved in this transformation.
Non-renal clearance
The mass balance study, LVM-PK-03, identified that non-renal clearance was low with only 3.7% of a 60 mg oral dose of [14C]F2695 being excreted in the faeces of healthy males.
Metabolites identified in humans
Active metabolites
The sponsor states that the principal circulating metabolite of levomilnacipran, F17400, is inactive.
Other metabolites
The mass balance study, LVM-PK-03 identified three circulating levomilnacipran metabolites (that is, levomilnacipran glucuronide, N-desethyl levomilnacipran [F17400] and N-desethyl levomilnacipran N-carbamoyl glucuronide [F17400 glucuronide]) in healthy males. The plasma exposure of levomilnacipran glucuronide, F17400 and F17400 glucuronide represented 10.7%, 14.4% and 21.8%, respectively, of the plasma exposure of levomilnacipran and 5.64%, 7.48% and 11.3%, respectively, of the plasma exposure of total radioactivity (Table 12).
Table 12: Plasma PK parameters of F2695, F17400 and their respective conjugates
[image: ]
Pharmacokinetics of metabolites
Study LVM-PK-03 indicated that the Cmax, AUC0-12 and Tmax values of levomilnacipran glucuronide in plasma following the administration of 60 mg oral dose of [14C]F2695 were 18.7 ng/mL, 126 ng.h/mL and 3 h, respectively. For F17400 these values were 17.7 ng/mL, 164 ng.h/mL and 6 h, respectively, and for F17400 glucuronide were 29.2 ng/mL, 250 ng.h/mL and 4 h, respectively (Table 12).
Based on the results of six studies (LVM-PK-01, LVM-PK-02, LVM-PK-05, LVM-PK-07, LVM-PK-08 and LVM-PK-09), which examined the PKs of both levomilnacipran and F17400 following the administration of a range of single and multiple dose strengths, the ratios of Cmax and AUC between the metabolite and the parent were in a range of 8.5% - 14.1% for Cmax and 11.3% - 17.1% for AUC.
Consequences of genetic polymorphism
Not examined.
[bookmark: _Toc241374289][bookmark: _Toc272414623][bookmark: _Toc290888472][bookmark: _Toc290888623][bookmark: _Toc433200213]Excretion
Routes and mechanisms of excretion
Mass balance studies
The mass balance study, LVM-PK-03 identified that 93.4 % and 3.8% of total radioactivity following a single 60 mg oral dose of [14C] F2695 was excreted in the urine and faeces, respectively. While in circulation, radioactivity was equally distributed between plasma and cellular component of the blood. The mean ratio of levomilnacipran to total radioactivity based on AUCinf was 45.1%, whereas, the mean ratio of F17400 to total radioactivity was 8.00%.
Renal clearance
Renal clearance was identified as the primary route of excretion with 93.4% of a 60 mg oral dose of [14C]F2695 excreted in the urine, with 58% representing unchanged levomilnacipran and 18% representing F17400, whereas, <5% corresponded to each of the other metabolites (Figure 3).
Figure 3: Metabolite profiling of study F02695 PO 101”study of the mass balance and the metabolism of [14C]-F2695 administered as a single oral 60 mg dose in healthy subjects
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[bookmark: _Toc241374291][bookmark: _Toc272414624][bookmark: _Toc290888473][bookmark: _Toc290888624][bookmark: _Toc433200214]Intra- and inter-individual variability of pharmacokinetics
The PopPK study, LVM-MS-01, which modelled the data from 13 Phase I studies conducted in healthy subjects and 3 Phase III studies undertaken in patients with MDD (Table 13) provided estimates of the inter-individual variability of 26.0%, 25.6% and 55.4% for CL/F, Vc/F and Ka, respectively. The model included separate additive and proportional residual error terms for Phase I data of 13% and 43%, respectively.
Table 13: Clinical studies used in the population PK analyses
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[bookmark: _Toc241374292][bookmark: _Ref271189131][bookmark: _Ref271189136][bookmark: _Toc272414625][bookmark: _Toc290888474][bookmark: _Toc290888625][bookmark: _Toc433200215]Pharmacokinetics in the target population
No studies specifically examined the PKs of levomilnacipran in subjects with MDD. Three Phase III studies (LVM-MD-01, LVM-MD-02 and LVM-MD-03) conducted in patients with MDD collected sparse PK data, which was included in the data set used to define the one compartment model described in the PopPK Study LVM-MS-01; however, the effect of MDD was not investigated as a covariate in this study.
Comment: 	The effect of MDD on levomilnacipran is unknown.
[bookmark: _Toc241374293][bookmark: _Toc272414626][bookmark: _Toc290888475][bookmark: _Toc290888626][bookmark: _Toc433200216]Pharmacokinetics in other special populations
[bookmark: _Toc272414627][bookmark: _Toc290888476][bookmark: _Toc290888627][bookmark: _Toc433200217]Pharmacokinetics in subjects with impaired hepatic function
Study LVM-PK-05 examined levomilnacipran PKs following a single 40 mg dose of the clinical trial SR formulation in subjects with normal hepatic function and with mild, moderate and severe hepatic impairment. Levomilnacipran Cmax was 26%, 8% and 28% higher in patients with mild, moderate and severe hepatic impairment, respectively, in comparison to healthy subjects (Tables 14 and 15), whereas, AUC0-inf was -1%, 9% and 32% higher, respectively. Median Tmax, mean t1/2 and mean % dose excreted unchanged in urine increased marginally in moderate and severe hepatic impaired patients compared to healthy subjects.
Table 14: PK parameters Mean ±SD for F2695 (N=32) PK population
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Table 15: Comparison of pharmacokinetic parameters of F2695 in hepatic impaired patients versus subjects with normal hepatic function
[image: ]
[bookmark: _Toc272414628][bookmark: _Toc290888477][bookmark: _Toc290888628][bookmark: _Toc433200218]Pharmacokinetics in subjects with impaired renal function
Study LVM-PK-02 examined levomilnacipran PKs following a single 40 mg dose of the clinical trial SR formulation in subjects with normal renal function and with mildly, moderately or severely impaired renal function. In subjects with mild, moderate and severe renal impairment, levomilnacipran Cmax was 4% lower and 19% and 44% higher, respectively, compared to subjects with normal renal function, whereas, AUC0-inf was 23%, 93% and 180% higher for the 3 groups with renal impairment compared to normal subjects (Table 16). The median Tmax of levomilnacipran was delayed by 1.5, 3.5, and 1.5 h in subjects with mild, moderate, and severe renal impairment, respectively, and mean t1/2 was longer in patients by 17.3, 19.1, and 27.7 h, respectively. Renal clearance of levomilnacipran was 114.7, 69.9, and 28.6 mL/min in patients with mild, moderate, and severe renal impairment, respectively, compared to 175.9 mL/min in subjects with normal renal function. These findings were supported by the PopPK Study LVM -MS-01, which identified that renal impairment significantly influences exposure to levomilnacipran.
Table 16: Mean (SD PK parameter values of F2695
[bookmark: _Toc272414629][bookmark: _Toc290888478][bookmark: _Toc290888629][bookmark: _Toc433200219][image: ]
4.3.8 Pharmacokinetics according to age and gender
Study LVM-PK-04, evaluated the effects of age and gender on the PK of levomilnacipran following multiple-dose administration in healthy young adult and elderly male and female subjects. In this study, the subjects received escalating doses following a standard breakfast according to the following schedule: Day 1: 20 mg single dose; Days 2 through 4: 40 mg once daily; and Days 5 through 9: 80 mg (2 x 40 mg) once daily. The sponsor stated that neither age nor gender had a statistically significant effect on levomilnacipran Cmax or AUC0-τ (Tables 17 and 18); however, in section 9.7 entitled ‘STATISTICAL METHODS’ in the sponsor’s report it states that ‘no age or gender effect would be concluded if the corresponding 90% CIs of the ratios of geometric means were within the range of 70% to 143%.’ If we examine the data using the more commonly accepted 90% CI limits of 80 to 125% the data suggests that there is an increase in levomilnacipran Cmax (24%↑), AUC (26%↑) and Cmin (35%↑) in elderly compared to young subjects and that Cmax (17%↑) is higher in female than male subjects (Table 18).
Table 17: Summary of Mean (SD) plasma PK parameters for F2695 PK Analysis Population 
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Table 18: Summary of geometric mean (90% CI) for F2695 PK Analysis Population
[image: ]
Comment: 	Why was 90% CI acceptance range of 70% to 143% used in Study LVM-PK-04 rather than the more typical 80-125% range as specified in Guideline on the investigation of bioequivalence (CPMP/EWP/QWP/1401/98 Rev. 1/ Corr)?
0. [bookmark: _Toc272414630][bookmark: _Toc290888479][bookmark: _Toc290888630][bookmark: _Toc433200220]Pharmacokinetics related to genetic factors
Not examined.
[bookmark: _Toc272414631][bookmark: _Toc290888480][bookmark: _Toc290888631][bookmark: _Toc433200221]Pharmacokinetics in other special population/according to other population characteristic
Not examined.
[bookmark: _Toc241374294][bookmark: _Toc272414632][bookmark: _Toc290888481][bookmark: _Toc290888632][bookmark: _Toc433200222]Pharmacokinetic interactions
[bookmark: _Toc272414633][bookmark: _Toc290888482][bookmark: _Toc290888633][bookmark: _Toc433200223]Pharmacokinetic interactions demonstrated in human studies
CYP3A4/5 inhibitors
Study LVM-PK-08 assessed the effects of the strong CYP3A4 inhibitor ketoconazole at steady state on the PKs of a single dose of 80 mg levomilnacipran SR in healthy subjects. Co-administration of levomilnacipran with steady-state ketoconazole increased the mean levomilnacipran Cmax by about 39%, and the mean AUC0-t and AUC0-inf by about 57% each (Table 19). In addition, co-administration delayed the median Tmax of levomilnacipran from 6 to 8 h and caused a reduction of the clearance from 22 to 14 L/h. By contrast, the mean t1/2 was similar between treatments.
Table 19: Pharmacokinetic parameters (mean ± SD) for F2695 following a single dose administration of 80 mg F2695 alone (Treatment A) and in combination with 400 mg ketoconazole at steady state (Treatment B) PK Analysis Population
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CYP3A4 and CYP2B6 inducers
Study LVM-PK-09 evaluated the effect of steady state levels of the strong CYP3A4 inducer carbamazepine XR bd on the steady-state PKs of levomilnacipran following escalating multiple dose of levomilnacipran SR (up to 120 mg QD) in healthy subjects. Levomilnacipran Cmax and AUC0-τ were 26.4% and 28.9% lower, respectively when administered concomitantly with carbamazepine XR compared to when levomilnacipran SR was administered alone (Table 20). By contrast, the steady state Cmax and AUC0-τ for carbamazepine were only slightly lower (by 3.9% and 1.7%), respectively, when carbamazepine XR was administered concomitantly with levomilnacipran SR, compared to when carbamazepine XR was administered alone (Table 21).
Table 20: Mean (SD) PK parameters of F2695 and F17400 after escalating multiple doses of F2695 SR at steady state (up to 120 mg QD) in the absence (Treatment A) and presence (Treatment C) of 200mg BD carbamazepine [image: ]

Table 21: Mean (SD) PK parameters of carbamazepine and carbamazepine-10,11-epoxide following 200 mg carbamazepine XR at steady state (200 mg BD) in the absence (Treatment B) and presence (Treatment C) of 200mg BD carbamazepine.
[image: ]
CYP3A4 subtrate
Study LVM-PK-10 assessed the effect of a levomilnacipran SR capsule at steady state (up to 120 mg QD) on the PKs of the benzodiazepine and CYP3A4 substrate alprazolam following a single-dose administration of a 1 mg alprazolam XR tablet. In this study neither drug appeared to significantly affect the PKs of the other co-administered component.
[bookmark: _Toc272414634][bookmark: _Toc290888483][bookmark: _Toc290888634][bookmark: _Toc433200224]Clinical implications of in vitro findings
Please see Section entitled Sites of metabolism and mechanisms/enzyme systems involved for more information.
[bookmark: _Toc433200225]Population PK studies
The PopPK Study LVM-MS-01 analysed the PK data from 13 Phase I studies conducted in healthy subjects and 3 Phase III studies undertaken in patients with MDD (Table 13). The results indicated that the data were best described by a one compartment PK model with first order absorption of drug from an oral dosing compartment. Absorption was delayed by a median lag period of 1.73 h after dose administration (Table 22). A number of covariates significantly influenced levomilnacipran PKs including the effects of dose on Ka, food on Ka and Vc/F, age and race on Vc/F and sex on relative F; however, only creatinine clearance on CL/F and body weight on Vc/F were identified as relevant to the final PK model, with creatinine clearance explaining 34% of the inter-individual variability in CL/F and body weight explaining 13% of the inter-individual variability in Vc/F.
Table 22: Parameter estimates for the final levomilnacipran PPK model
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[bookmark: _Toc290888484][bookmark: _Toc290888635][bookmark: _Toc433200226][bookmark: _Toc471216318]Evaluator’s overall conclusions on pharmacokinetics
Background
Levomilnacipran is a selective and potent norepinephrine and serotonin reuptake inhibitor for the treatment of MDD.
Absorption
Following a single120 mg, oral dose of the TBM-formulation of levomilnacipran SR in healthy subjects the Tmax occurred at 6.0 h following dosing and the t1/2 was 13.8 h.
The absolute bioavailability of the clinical trial SR formulation of levomilnacipran was 100% (82 – 114%).
Following dose normalisation, the Cmax, AUC0-t and AUC0-inf values for the SR capsule formulation were 40.4%, 9% and 7.5% lower, respectively, than for an oral solution.
TBM SR formulations from both Forest and Elan (the primary and secondary manufacturing sites) were bioequivalent with the clinical trial formulation of SR levomilnacipran as the 90% CIs for Cmax and AUC fell within the predefined confidence limits of 80 - 120%.
No studies specifically examined the bioequivalence of the proposed strengths of the TBM SR levomilnacipran capsules.
Food had no effect on the PKs of the TBM SR formulation.
Following single doses of the clinical trial SR formulation, Cmax and AUC0-inf values increased dose-proportionally.
Levomilnacipran Cmax, AUC0- and Cmin values increased dose-proportionally following treatment with multiple escalating once daily (QD) doses. Steady-state was achieved by the third dose on Day 3 and the accumulation indices were fairly stable over the dose range examined, ranging from 1.296 following the 300 mg dose to 1.486 at the 25 mg dose.
Distribution
The volume of distribution (Vd/F) values following single doses of 40 mg, 80 mg and 120 mg of the clinical trial SR formulation in healthy subjects were 405 L, 444 L and 429 L, respectively.
Binding of radiolabelled [14C]-F2695 to plasma proteins was low (~22 %) and binding to human serum albumin (HAS) and to alpha 1-acid glycoprotein (AAG) was very low, whereas, no binding to GG was detected.
Binding of [14C]-F2695 to blood cells in buffer was low and non-saturable with the percentage bound ranging from 48% to 57%.
Given the volume of distribution following a single 40 mg dose of levomilnacipran is 405 L this would suggest that distribution of levomilnacipran to the tissues is extensive.
Metabolism
There was no interconversion of levomilnacipran to its opposite enantiomer in human plasma.
NADPH was found to be an essential component in levomilnacipran metabolism.
Multiple CYP enzymes (namely CYP2C8, 2C19, 2D6, 2J2 and 3A4) were implicated in the transformation of F2695 to F17400 with CYP3A4 being one of the major enzymes involved in this transformation.
Non-renal clearance was low with only 3.7% of a 60 mg oral dose of [14C]F2695 being excreted in the faeces of healthy males.
The sponsor states that principal circulating metabolite of levomilnacipran, F17400, is inactive.
Circulating metabolites of levomilnacipran identified in healthy males were levomilnacipran glucuronide, F17400 and F17400 glucuronide. The plasma exposure for these metabolites represented 10.7%, 14.4% and 21.8%, respectively, of the plasma exposure of the parent drug.
The Cmax, AUC0-12 and Tmax values of levomilnacipran glucuronide in plasma following the administration of 60 mg oral dose of [14C]F2695 were 18.7 ng/mL, 126 ng.h/mL and 3 h, respectively. For F17400 these values were 17.7 ng/mL, 164 ng.h/mL and 6 h, respectively, and for F17400 glucuronide were 29.2 ng/mL, 250 ng.h/mL and 4 h, respectively.
Excretion
93.4% and 3.8% of total radioactivity following a single 60 mg oral dose of [14C]F2695 was excreted in the urine and faeces, respectively.
Renal clearance was identified as the primary route of excretion with 93.4% of a 60 mg oral dose of [14C]F2695 excreted in the urine, with 58% representing unchanged levomilnacipran and 18% representing F17400, whereas, <5% corresponded to each of other metabolites.
Variability of pharmacokinetics
Estimates of the inter-individual variability on CL/F, Vc/F and Ka were 26.0%, 25.6% and 55.4%, respectively. Additive and proportional residual error terms for Phase I data of 13% and 43%, respectively.
Pharmacokinetics in the target population
No studies specifically examined the PKs of levomilnacipran in subjects with MDD.
Impaired hepatic function
Levomilnacipran Cmax was 26%, 8%, and 28% higher in patients with mild, moderate and severe hepatic impairment, respectively, in comparison to healthy subjects (Tables 14 and 15), whereas AUC0-inf was -1%, 9% and 32% higher, respectively.

Impaired renal function
In subjects with mild, moderate and severe renal impairment, levomilnacipran Cmax was 4% lower and 19% and 44% higher, respectively, compared to subjects with normal renal function, whereas, AUC0-inf was 23%, 93%, and 180% higher, respectively, for the 3 groups with renal impairment compared to normal subjects. Median Tmax was delayed by 1.5, 3.5 and 1.5 h in subjects with mild, moderate, and severe renal impairment, respectively, and mean t1/2 was longer by 17.3, 19.1, and 27.7 h, respectively.
Age and gender
The sponsor states that neither age nor gender had a statistically significant effect on levomilnacipran Cmax or AUC0-τ; however, on examining using the more commonly accepted 90% CI limits of 80 to 125%, the data suggest that there is an increase in levomilnacipran Cmax (24% increase), AUC (26% increase) and Cmin (35% increase) in elderly compared to young subjects and that levomilnacipran Cmax (17% increase) is higher in female than male subjects.
Drug-drug interactions
Co-administration of levomilnacipran with steady state ketoconazole increased the mean levomilnacipran Cmax by about 39%, and the mean AUC0-t and AUC0-inf by about 57% each. In addition, co-administration delayed the median Tmax of levomilnacipran from 6 to 8 h and caused a reduction of the clearance from 22 to 14 L/h.
Levomilnacipran Cmax and AUC0-τ were 26.4% and 28.9% lower, respectively when administered concomitantly with carbamazepine XR compared to when levomilnacipran SR was administered alone. By contrast, the Cmax and AUC0-τ for carbamazepine were only slightly lower following co-administration.
Steady-state levomilnacipran had no effect on the PKs of alprazolam following a single-dose administration of a 1 mg alprazolam XR tablet. Co-administration of alprazolam had no effect on the steady-state PKs of levomilnacipran.
Population PK studies
The PopPK analysis indicated that PK data were best described by a one compartment PK model with first order absorption of drug from an oral dosing compartment. Creatinine clearance on CL/F and body weight on Vc/F were identified as significant covariates in the final PK model.
Limitations of the PK studies
No studies specifically examined the bioequivalence of the proposed strengths of the TBM SR levomilnacipran capsules.
No studies specifically examined dose proportionality for the proposed strengths of the TBM SR levomilnacipran capsules.
No studies specifically examined the PKs of levomilnacipran in subjects with MDD.
Questions arising from the PK studies
Why was 90% CI acceptance range of 70% to 143% used in Study LVM-PK-04 rather than the more typical 80-125% range as specified in Guideline on the investigation of bioequivalence (CPMP/EWP/QWP/1401/98 Rev. 1/ Corr)?
[bookmark: _Toc471216319]Pharmacodynamics
[bookmark: _Toc290888486][bookmark: _Toc290888637][bookmark: _Toc433200228][bookmark: _Toc471216320]Studies providing pharmacodynamic data
Table 23 below shows the studies relating to each pharmacodynamic topic and the location of each study summary.
Table 23: Submitted pharmacodynamic studies
	PD Topic
	Subtopic
	Study ID
	*

	Primary Pharmacology
	PopPK/PD in patients with MDD
	LVM-MS-04
	Effect on MADRS-CR score following 8 weeks treatment

	Secondary Pharmacology
	Thorough QT
	LVM-PK-07
	Effects on cardiac repolarisation in healthy subjects


* Indicates the primary aim of the study.
None of the pharmacodynamic studies had deficiencies that excluded their results from consideration.
[bookmark: _Ref269119989][bookmark: _Toc272414639][bookmark: _Toc290888487][bookmark: _Toc290888638][bookmark: _Toc433200229][bookmark: _Toc471216321]Summary of pharmacodynamics
The information in the following summary is derived from conventional pharmacodynamic studies in humans unless otherwise stated.
[bookmark: _Toc241374299][bookmark: _Toc272414640][bookmark: _Toc290888488][bookmark: _Toc290888639][bookmark: _Toc433200230]Mechanism of action
Levomilnacipran is a potent and selective SNRI. The exact mechanism of the antidepressant effect of levomilnacipran is unknown but it is thought to be related to the potentiation of serotonin and noradrenaline in the central nervous system through inhibition of reuptake at serotonin and noradrenaline transporters.
[bookmark: _Toc241374300][bookmark: _Toc272414641][bookmark: _Toc290888489][bookmark: _Toc290888640][bookmark: _Toc433200231]Pharmacodynamic effects
[bookmark: _Toc272414642][bookmark: _Toc290888490][bookmark: _Toc290888641][bookmark: _Toc433200232]Primary pharmacodynamic effects
MDD
PopPK/PD Study LVM -MS-04 examined PK, PD and safety data taken from 3 Phase III clinical trials (LVM-MD-01, LVM-MD-02 and LVM-MD-03, Table 24).
Table 24: Clinical studies used in the population PKPD analysis
[image: ]
Efficacy modelling in this study focused on describing the longitudinal response of Montgomery-Åsberg Depression Rating Scale, Clinician Rated (MADRS-CR). A summary of the raw MADRS-CR scores by visit for the combined efficacy data set indicates that the raw mean baseline estimate of MADRS score was 35.6 points and following 8 weeks of treatment either with levomilnacipran or placebo the mean percentage change from baseline (CFB) in MADRS-CR was -41.2% (median = -38.2%) indicating an overall improvement in MDD.
Modelling of the efficacy data set provided an estimate for the placebo effect (that is, median change from baseline MADRS-CR score following treatment with placebo) of -12.4 (Table 25). Following 8 weeks treatment with 120 mg levomilnacipran SR the decrease in baseline score over placebo was 3.25.
Table 25: Typical drug effect at median AUCss by Levomilnacipran dose
[image: ]
Comment: 	Based on the results provided in Table 25 it would appear that levomilnacipran SR is providing a relatively modest improvement in MADRS-CR score over and above what is achieved with placebo alone.
[bookmark: _Toc272414643][bookmark: _Toc290888491][bookmark: _Toc290888642][bookmark: _Ref419980067][bookmark: _Toc433200233]Secondary pharmacodynamic effects
QT effects
Study LVM-PK-07 assessed the effects of sequential multiple-dose regimens of levomilnacipran SR, administered at the maximum therapeutic dose (120 mg/d) and a supratherapeutic dose (300 mg/d), on cardiac repolarisation in 170 healthy subjects. In this study, moxifloxacin was used as a positive control to verify assay sensitivity.
For the primary endpoint, which utilised Day -1 exercise data for heart-rate correction, the upper limit of the two-sided 90% CI of the time-matched ΔΔQTcNi was higher than 10 ms at 2, 3, 8 and 16 h post-dose of 120 mg/day levomilnacipran SR on Day 11, whereas, the upper limit of the two-sided 90% CI of the time-matched ΔΔQTcNi for levomilnacipran 300 mg/day on Day 24 was higher than 10 ms only at 16 h post-dose (Table 26).
Table 26: PD-Primary endpoint, largest time-matched ΔΔQTcNi (individual linear correction using Day -1 data (with exercise) for Group 1 and Day -2 (supine) for placebo in Groups 2 and 3
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By contrast, three secondary QT analyses did not support the findings of the pre-specified primary analysis. For instance: a secondary QT analysis, which used Day -2 (supine) data with a linear QT/RR correction method, identified a largest time-matched ΔΔQTcNi of +4.39 ms (UB of 90% CI: 7.89 ms) at 3 h following a 120 mg/day dose of levomilnacipran and +3.97 ms (7.52) at 16 h following a 300 mg/day dose (Table 27); a secondary analysis that used Fridericia’s correction method identified a largest time-matched ΔΔQTcNi of -3.14 ms (LB of 90% CI: -6.28 ms) at 20 h following a 120 mg/day dose of levomilnacipran and -3.06 ms (-6.23) at 6 h following a 300 mg/day dose (Table 28); and a secondary analysis, which used Day -1 (exercise) data with a linear lnQT/lnRR correction method, identified a largest time-matched ΔΔQTcNi of -3.32 ms (LB of 90% CI: -7.07 ms) at 6 h following a 120 mg/day dose of levomilnacipran and -5.13 ms (-8.92) at 6 h following a 300 mg/day dose (Table 29).
Table 27: PD sensitivity analysis, largest time-matched ΔΔQTcNi between levomilnacipran (individual linear correction using the Day -2 data (supine) and placebo (individual linear correction using Day -2 data (supine)
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Table 28: PD Secondary endpoints QTcF intervals
[image: ]
Table 29: PD sensitivity analysis, QTcL intervals (individuals linear correction using Day -1 data (exercise) for Group 1 Day -2 data (supine) for placebo in Groups 2 and 3
[image: ]
Comment: 	The sponsor states the following in regards to the primary endpoint:
	‘The results found in the pre-specified primary analysis are believed to be due to inappropriate correction of QT for RR. An exercise baseline day was included in this study with the intent of providing a greater range of heart rate at baseline than would normally be obtained from supine subjects administered a placebo. However, there was not any adjustment for QT/RR hysteresis[footnoteRef:2] in the selection of ECGs to be used from the exercise data (heart rates increased and fell relatively quickly after the treadmill exercise). As heart rate changes, the instantaneous QT/RR relationship may differ from a subject’s true underlying QT/RR relationship. The relationship during period of stable heart rate has been shown to vary across individuals, hence, the need for individual adjustment, but remain stable within individuals across different periods of time, hence, the robust utility of individual adjustment[footnoteRef:3]. However, stabilization of heart rate for at least two minutes has been hypothesized to be necessary for a subject’s concurrent QT/RR relationship to return to its underlying true relationship[footnoteRef:4]. Although used as the primary analysis in this study, there is little reported in the literature regarding the successful use of exercise data for establishing QT/RR relationships for use in TQT studies of drugs that change heart rate. To the contrary, one study found that there was a lack of correlation between exercise-induced and drug-induced changes in heart rate corrected QT interval.’[footnoteRef:5] [2:  Malik et al. Correction for QT/RR Hysteresis in the Assessment of Drug-Induced QTc Changes—Cardiac Safety of Gadobutrol. Ann Noninvasive Electrocardiol 2009; 14(3); 242-250.]  [3:  Batchvarov et al. QT-RR relationship in healthy subjects exhibits substantial inter-subject variability and high intrasubject stability. Am J Heart Circ Physiol 2002; 282:H2356-H2363.]  [4:  Fossa et al. Dynamic Beat-to-Beat Modeling of the QT-RR Interval Relationship: Analysis of QT Prolongation during Alterations of Autonomic State versus Human Ether a-go-go-Related Gene Inhibition. Journal of Pharmacology and Experimental Therapeutics 2005; 312(1) 1-11.]  [5:  Newbold et al. Lack of correlation between exercise and sibenadet-induced changes in heart rate corrected measurement of the QT interval. British Journal of Clinical Pharmacology 2007; 63(3):279-287.] 

Question: Given the sponsor’s justification for the aberrant results of the primary endpoint analyses in Study LVM-PK-O7 (please see section Secondary pharmacodynamic effects of this report for more information), why was the Day -1 exercise data for heart-rate correction chosen for the primary endpoint analysis at the study’s outset?
Other effects
The PI (version D01-030215) states the following based on the results of non-clinical, in vitro binding studies:
Levomilnacipran has no significant affinity for serotonergic (5HT1-7), α- or β-adrenergic, muscarinic (M1-5), histamine (H1-4), dopamine (D1-5), opiate, benzodiazepine and γ-aminobutyric acid (GABA) receptors in vitro. Levomilnacipran has no significant affinity for Ca++, K+, Na+ and Cl– channels and does not inhibit the activity of human monoamine oxidases (MAO-A and MAO-B) or acetylcholinesterase.
Therefore it is unlikely that levomilnacipran will have secondary effects via any of these pathways.
[bookmark: _Toc272414644][bookmark: _Toc290888492][bookmark: _Toc290888643][bookmark: _Toc433200234]Time course of pharmacodynamic effects
Based on the results of the Pop PK/PD analysis (Study LVM-MS-04) it would appear that the decrease in MADRS-CR score identified following the initial treatment with levomilnacipran SR or placebo gradually increased over the following weeks of treatment. For instance, the mean percentage change from baseline in the MADRS-CR following 1 week of treatment was -12.7%, whereas, by week 8 the decrease was -41.2% (Table 30).
Table 30: Summary of MADRS data by visit
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[bookmark: _Toc272414645][bookmark: _Toc290888493][bookmark: _Toc290888644][bookmark: _Toc433200235]Relationship between drug concentration and pharmacodynamic effects
Primary PD effects
The PopPK analysis (Study LVM-MS-04), explored both linear and nonlinear models to describe a possible relationship of drug effect to exposure. Changes in MADRS-CR showed a statistically significant linear relationship with exposure, specifically, two-week lagged steady-state area-under-the-curve (AUCss). The final model was then to estimate the typical decrease in change from baseline (CFB) in MADRS-CR score over and above the effect of placebo. This analysis indicated that following 8 weeks of treatment with 40 mg, 80 mg and 120 mg levomilnacipran SR the placebo corrected change in CFB-MADRS-CR score for the 3 doses were -1.10, -2.19 and -3.25, respectively (Table 25).
Secondary PD effects
Vital Signs
The PopPK analysis (Study LVM-MS-04) also examined the possible relationships with exposure for changes in vital signs and incidence of the AE most frequently experienced in the pooled Phase III dataset. For each of the vital signs (that is, PR, SBP, and DBP), within the clinical dose range of 40 to 120 mg once daily, no relationship with levomilnacipran exposure was found, indicating that steady-state changes in vital signs were comparable across the clinical doses in the levomilnacipran patient population (Table 31). The respective placebo-adjusted changes from baseline in vital signs following treatment with any of the 3 doses of levomilnacipran SR were +7.15 bpm for pulse rate, +2.83 mmHg for SBP, and +2.72 mmHg for DBP.
Table 31: Summary of model predicted drug effects on continuous safety outcomes
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Adverse Events
The relationship between commonly experienced AEs, such as nausea, vomiting, dizziness, headache, hyperhidrosis, constipation, dry mouth, urinary hesitation and erectile dysfunction/related events, and levomilnacipran exposure was investigated as part of the PopPK/PD analysis (Study LVM-MS-04) using logistic regression models. Two separate time frames were examined: the initial dosing period of days 1 and 2, when AEs were most prevalent and the maintenance phase (that is, Day 3 until the end of treatment). During the initial phase of treatment, a statistically significant relationship was only identified between nausea and exposure; however, the incidence of vomiting, dizziness, headache, urinary hesitation in males and erectile dysfunction also appeared to demonstrate some evidence of a weak positive correlation with exposure (Table 32). During the maintenance phase of treatment incidence of nausea, vomiting, dizziness, hyperhidrosis and erectile dysfunction were all higher in the active treatment population over the placebo population, but were not significantly correlated with exposure (Table 33). By contrast, the incidence of constipation and male urinary hesitation demonstrated statistically significant positive correlations with exposure; however, the increase in incidence over the therapeutic dose range was only modest (less than 7%).
Table 32: Comparison of predicted and observed mean incidence of AE by median Cmax on Day 1
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Table 33: Comparison of predicted and observed mean incidence of AE by median AUCss
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[bookmark: _Toc241374304][bookmark: _Toc272414646][bookmark: _Toc290888494][bookmark: _Toc290888645][bookmark: _Toc433200236][bookmark: _Toc471216322]Genetic-, gender- and age-related differences in pharmacodynamic response
Not examined.
[bookmark: _Toc241374303][bookmark: _Toc272414647][bookmark: _Toc290888495][bookmark: _Toc290888646][bookmark: _Toc433200237][bookmark: _Toc471216323]Pharmacodynamic interactions
Not examined.
[bookmark: _Toc290888496][bookmark: _Toc290888647][bookmark: _Toc433200238][bookmark: _Toc471216324]Evaluator’s overall conclusions on pharmacodynamics
Background
Levomilnacipran is a potent and selective SNRI.
The exact mechanism of the antidepressant effect of levomilnacipran is unknown.
Primary PD
PopPK/PD modelling of data from patients with MDD provided the following estimates: following 8 weeks of treatment either with levomilnacipran or placebo the mean percentage change from baseline in MADRS-CR was -41.2%, indicating an overall improvement in MDD; the median change from baseline MADRS-CR score following 8 weeks treatment with placebo was -12.4; and following 8 weeks treatment with 120 mg levomilnacipran SR the decrease in baseline score over placebo was 3.25.
Secondary PD
Thorough QT analysis in healthy subjects identified the following: for the primary endpoint of the study, which utilised Day -1 exercise data for heart-rate correction, the upper limit of the two-sided 90% CI of the time-matched ΔΔQTcNi was higher than 10 ms at 2, 3, 8 and 16 h post-dose of 120 mg/day levomilnacipran SR on Day 11, whereas, the upper limit of the two-sided 90% CI of the time-matched ΔΔQTcNi for levomilnacipran 300 mg/day on Day 24 was higher than 10 ms only at 16 h post-dose; and the upper limits of the 90% CI for the largest time-matched ΔΔQTcNi following three further analyses, which used different forms of QT correction, were under 10 ms for both levomilnacipran 120 mg/day and 300 mg/day.
Time course of pharmacodynamic effects
The decrease in Montgomery-Åsberg Depression Rating Scale, Clinician Rated (MADRS-CR) score[footnoteRef:6] identified following the initial treatment with levomilnacipran SR or placebo gradually increased over the following weeks of treatment. [6:  This is a ten-item diagnostic questionnaire which psychiatrists use to measure the severity of depressive episodes in patients with mood disorders.] 

Relationship between drug concentration and PD effects
Changes in MADRS-CR showed a statistically significant linear relationship with exposure, specifically, two-week lagged steady-state area-under-the-curve (AUCss).
Following 8 weeks of treatment with 40 mg, 80 mg and 120 mg levomilnacipran SR the placebo corrected change in change from baseline (CFB)-MADRS-CR scores for the 3 doses were -1.10, -2.19 and -3.25, respectively.
Treatment with levomilnacipran SR resulted in placebo-adjusted changes from baseline in vital signs of +7.15 bpm for pulse rate, +2.83 mmHg for systolic blood pressure (SBP) and +2.72 mmHg for diastolic blood pressure (DBP). These changes were not dose dependent.
During the initial phase of treatment, a statistically significant relationship was identified between nausea and exposure. In addition the incidence of vomiting, dizziness, headache, urinary hesitation in males and erectile dysfunction also appeared to demonstrate some evidence of a weak positive correlation with exposure.
During the maintenance phase of treatment incidence of nausea, vomiting, dizziness, hyperhidrosis, and erectile dysfunction were all higher in the active treatment population over the placebo population, but were not significantly correlated with exposure.
Although there was a statistically significant relationship between the incidence of constipation and male urinary hesitation and exposure, the increase in incidence over the therapeutic dose range was only modest (less than 7%).
Limitations of PD studies
No PD studies, other than the combined PopPK/PD study, specifically examined the effects of levomilnacipran SR on MDD.
No studies examined the PD interaction of levomilnacipran with other drugs.
Questions arising from the PD studies
Given the sponsor’s justification for the aberrant results of the primary endpoint analysis in Study LVM-PK-O7 (please see section Secondary pharmacodynamic effects of this report for more information), why was the Day -1 exercise data for heart-rate correction chosen for the primary endpoint analysis at the study’s outset?
[bookmark: _Toc471216325]Dosage selection for the pivotal studies
The Phase III program selected 40, 80 and 120 mg per day which included doses lower and higher than the 75 mg and 100 mg per day flexible dosing which was assessed in the earlier Phase II study F02695 LP 2 02 (see Section Study F02695 LP 2 02 for study summary together with Table 34 and Figure 4). The doses of milnacipran approved for use in fibromyalgia are 100 to 200 mg per day.
Table 34: F02695 LP 2 02 MADRS Total score: Change from baseline MMRM analysis (FAS)
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Figure 4: F02695 LP 2 02 MADRS Total score: Values over time (FAS)
[image: ]
Comments: Study F02695 LP 2 02 was a supportive efficacy study and not a dose-finding study. There was no detailed discussion in the dossier on how the decision was made to select the 40, 80 and 120 mg doses for the Phase III program. The Sponsor has been asked to comment on this.
[bookmark: _Toc471216326]Clinical efficacy
[bookmark: _Ref271199564][bookmark: _Toc272414651][bookmark: _Toc290846273][bookmark: _Toc433200241][bookmark: _Toc471216327]Major depressive disorder
[bookmark: _Ref271037274][bookmark: _Toc272414652][bookmark: _Toc290846274][bookmark: _Toc433200242]Pivotal efficacy studies
[bookmark: _Ref243301615][bookmark: _Ref271040927][bookmark: _Ref271040932][bookmark: _Toc272414653][bookmark: _Toc290846275][bookmark: _Toc433200243]Study LVM-MD-01
Study design, objectives, locations and dates
Study LVM-MD-01 was a phase III, multicentre, randomised, double-blind, placebo-controlled, parallel-group, fixed-dose study of levomilnacipran in adult patients with MDD. After a one week single blind placebo run-in period, there was an 8 week double–blind treatment period, followed by a two week, double-blind down-taper period. Subjects who prematurely discontinued also entered the 2 week tapering down period (Figure 5).
Figure 5: Study LVM-MD-01 design
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The study was conducted at 38 sites in the US between September 2009 and May 2011. It used central laboratories for clinical laboratory assessments and ECG processing. An IVRS was used for the Columbia–Suicide Severity Rating Scale (C-SSRS) and the Montgomery-Åsberg Depression Rating Scale, Self–Rated (MADRS-SR).
The objective was to evaluate the efficacy, safety, and tolerability of fixed doses of levomilnacipran sustained release (SR) compared with placebo in the treatment of adult patients with MDD.
Inclusion and exclusion criteria
Included subjects were 18-65 years, meeting the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR) criteria for MDD, confirmed on the Mini International Neuropsychiatric Interview (MINI), with a major depressive episode of at least 8 weeks duration and a score of ≥30 on the Montgomery-Åsberg Depression Rating Scale–Clinician Rated (MADRS-CR). Subjects required a normal physical examination, normal clinical laboratory test results and ECG, a BMI between 18 and 40 kg/m2 and women of child bearing potential (WOCBP) needed a negative serum pregnancy test. At baseline, the MADRS-CR needed to be ≥30, the MADRS-SR (self-rated) ≥26 and the urine drug screen negative.
Exclusion criteria were:
DSM-IV-based diagnosis of an Axis I disorder other than MDD within 6 months before Visit 1 (secondary diagnoses of comorbid generalised anxiety disorder, social anxiety disorder, and/or specific phobias were acceptable).
History of meeting DSM-IV-TR criteria for manic or hypomanic episode, depressive episode with psychotic features, substance abuse, obsessive compulsive disorder, schizophrenia, schizoaffective or other psychotic disorders, bulimia or anorexia nervosa, borderline or antisocial personality disorder, mental retardation, dementia or other cognitive disorders.
Non-response to ≥2 antidepressants.
Intolerance of other SNRIs, SSRIs or selective noradrenergic reuptake inhibitors.
Suicide risk: suicide attempt within past 1 year, score on >5 on item 10 of the MADRS-CR, and/or significant risk judged by the investigator based on psychiatric interview or information collected in the Columbia–Suicide Severity Rating Scale (C-SSRS).
Psychotherapy for depression within 3 months, vagus nerve stimulation treatment within 6 months, ECT during current episode of MDD, history of inadequate response to ECT.
Required concomitant treatment with any prohibited medications, supplements, herbal remedies, or any drug with psychotropic activity or potentially psychotropic component (except eszopiclone, zolpidem, zolpidem extended release, or zaleplon for sleep).
Taken any psychoactive drug or psychoactive herbal remedy, including antidepressants, anxiolytics, monoamine oxidase inhibitors, or anticonvulsants/mood stabilisers within 2 weeks or 5 half-lives (whichever is longer) before Visit 1 (5 weeks for fluoxetine), or had ever been treated with a depot antipsychotic.
Hypothyroidism or hyperthyroidism (unless on stable medication for 2 months).
History of seizure disorder, stroke, significant head injury, tumour of the CNS or a condition that predisposes toward risk for seizure.
History of narrow angle glaucoma.
History of syndrome of inappropriate antidiuretic hormone secretion.
Any cardiovascular disease that is clinically significant, unstable, or decompensated. This included : history of congenital QTc prolongation (screening ECG with QTcF ≥ 450 ms for men or QTcF ≥ 470 ms for women); 2nd or 3rd degree AV block; clinically manifest ischaemic heart disease within 6 months (12 months for MI); HR of ≤50 or ≥120 if symptomatic; atrial fibrillation (AF) or flutter (onset within 12 months, unknown onset, uncontrolled, requiring anticoagulation or symptomatic); premature ventricular contraction (PVC) with symptoms; clinically significant BP, or supine systolic BP >140 mmHg or <90 mmHg, or diastolic BP >90 mmHg or <50 mmHg.
History of serotonin syndrome or neuroleptic malignant syndrome.
Significant concurrent medical conditions that could interfere with the study conduct or results.
Male patients with history of obstructive voiding symptoms, including urinary retention.
LFTs >1.5x ULN, HIV or hepatitis B/C infections;
Gastric bypass or any condition that affects drug absorption.
Females pregnant or breast feeding.
Study treatments
There were 4 parallel treatment groups: placebo, levomilnacipran SR 40 mg/day, levomilnacipran SR 80 mg/day or levomilnacipran SR 120 mg/day. Study medication capsules contained levomilnacipran 20 mg, levomilnacipran 40 mg or placebo. Patients took 3 capsules each day as a single dose. There was a one week single-blind, placebo run-in period, then an 8 week double-blind treatment period, followed by a two week, double-blind tapering down period. The dose was force titrated every two days from 20 to 40 to 80 to 120 mg. Dose reduction or discontinuation for tolerability issues was only allowed for a 2 day period.
Psychotropic agents were prohibited and anti-insomnia agent use was limited to 3 times a week. Alcohol was limited to no more than two drinks per week.
Efficacy variables and outcomes
The main efficacy variable was the MADRS-CR[footnoteRef:7]. The MADRS-CR was administered only by an experienced rater who had specific training (from the designated training vendor) and met specific qualifications. [7:  MADRS–CR was used to assess depressive symptomatology in the previous week. Patients were rated on 10 items to assess feelings of sadness, lassitude, pessimism, inner tension, suicidality, reduced sleep or appetite, difficulty concentrating, and lack of interest. Each item was scored on a 7-point scale. A score of 0 indicated the absence of symptoms, and a score of 6 indicated symptoms of maximum severity.] 

Other efficacy variables included:
Sheehan Disability Scale (SDS)[footnoteRef:8] [8:  The SDS is a 3-item clinician-rated questionnaire used to evaluate impairments in the domains of work, social life/leisure, and family life/home responsibility. All items were rated on an 11-point continuum (0 = no impairment to 10 = most severe).] 

Hamilton Rating Scale for Depression (17 item) (HAMD-17)[footnoteRef:9] [9:  The HAMD-17 is a clinician-rated scale used to rate the patient’s depressive state based on feelings of depression, guilt, suicidality, anxiety, agitation, level of insight, patterns of insomnia, loss of interest in work and other activities, weight loss, hypochondriasis, degree of psychomotor retardation, and genital and somatic symptoms. This instrument was administered by an experienced rater who was trained specifically to assess depression using the HAMD-17.] 

Clinical Global Impression-Improvement (CGI-I)[footnoteRef:10] [10:  The CGI-I is a clinician-rated scale used to rate total improvement or worsening of mental illness from Visit 2 (Baseline), regardless of whether the Investigator considers it to be a result of drug treatment or not. The CGI-I was used to rate the patient’s improvement on a scale from 1 to 7, with 1 indicating that the patient was very much improved and 7 indicating that the patient was very much worse. The CGI-I was administered by the Investigator or a Sub-Investigator with training and experience in assessing mental illness.] 

Clinical Global Impression-Severity (CGI-S)[footnoteRef:11] [11:  The CGI-S is a clinician-rated scale used to rate the severity of the patient’s current state of mental illness compared with a patient population with MDD. The patient is rated on a scale from 1 to 7 with 1 indicating a ‘normal state’ and 7 indicating ‘among the most extremely ill patients.’] 

The Pain Inventory[footnoteRef:12] [12:  The Pain Inventory is a patient-rated instrument consisting of 5 items from the Brief Pain Inventory that allowed the patients to rate on 11-point Likert scales their average pain (0 = no pain, 10 = ‘pain as bad as you can imagine’) and how the pain interfered with their enjoyment of life, general activity, sleep, and mood (0 = does not interfere, 10 = completely interferes) during the previous week.] 

The primary efficacy outcome was the change from baseline to week 8 in the MADRS-CR total score. The secondary efficacy outcome was the change from baseline to week 8 in the SDS total score.
Additional efficacy outcomes included the MADRS-CR response rate (≥50% reduction in total score) and remission rate (total score ≤10) as well as change from baseline, response rate and remission rate (score ≤7) on the HAMD-17.
Randomisation and blinding methods
Subjects were randomised in a 1:1:1:1 ratio to one of 4 parallel groups. Blinding was achieved by use of identical placebo and levomilnacipran SR capsules.
Analysis populations
The primary analysis was conducted on the ITT population which was defined as all randomised subjects who took at least one dose of double-blind study treatment and who had at least one post-baseline assessment of the MADRS-CR total score.
Sample size
A sample size of 175 randomised patients in each of the 4 groups gave the study a 90% power to detect a treatment group difference of 0.38 between placebo and each of the 3 treatment groups (levomilnacipran SR 40 mg/day, 80 mg/day, and 120 mg/day) after adjusting for multiple comparisons. This assumed a correlation of 0.7 between the repeated measures, effect sizes of 0.03, 0.20, 0.34, 0.37, and 0.38 for post-baseline visits and a dropout rate of 20%.
Statistical methods
The primary efficacy analysis used a mixed model for repeated measures (MMRM) with treatment group, pooled study centre, visit, and treatment group–by-visit interaction as fixed effects and the baseline and baseline-by-visit interaction as the covariates. Analysis was based on observed values of post-baseline scores. There was no imputation for missing values. To control the type 1 error rate the Hochberg multiple comparison procedure was used.
There were two sensitivity analyses: an ANCOVA model with LOCF to impute missing post-baseline values; and a pattern mixture model (PMM) which imputated future missing values assuming a linear relationship with prior measurements. Response and remission rates were analysed using a logistic model. Other efficacy variables were analysed using the MMRM and LOCF.
There were 3 protocol amendments. The most relevant changes are summarised. The first allowed the C-SSRS to be administered via an IVRS. The second added that efficacy assessments were not to be conducted on patients who were off study treatment for 3 days or more (visit 7 or early termination) and changed the CGI-I to an additional efficacy parameter. The third added the PMM sensitivity analysis for the primary outcome.
Participant flow
There were 1567 patients screened, 724 randomised, 713 who received study treatment (safety population) and 704 who had at least one post-baseline MADRS-CR assessment. There were 506 who completed the study and 492 who entered the down-taper period. There were 175 to 177 subjects in each treatment group in the ITT population (Figure 6 and Table 35).
Figure 6: Study design
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Table 35: Study LVM-MD-01 Patient population 
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The most frequent reasons for discontinuation were consent withdrawal, adverse events and lost to follow-up with a statistically significant higher incidence of AE discontinuations in the active groups compared with placebo (Table 36).
Table 36: Study LVM-MD-01 Number of patients discontinued from the study Safety population 
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Major protocol violations/deviations
The rate of protocol deviations was similar between groups (22.7% placebo versus 24.2% to 28.9% levomilnacipran groups). The most frequent deviation was taking a prohibited concomitant medication (7.8% to 11.7%; Table 37). Compliance of >90% during double-blind treatment was high with a mean rate across groups of at least 98%.
Table 37: Study LVM-MD-01 Protocol deviations Safety population 
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Baseline data
The groups were relatively well balanced on baseline demographic characteristics. The mean age was 41 years, 62.7% were female (slightly more in the 40 mg group than other groups 68.5% versus 58.9% to 62.0%), 73.8% were White and the mean BMI was 28.8 kg/m2. The most frequent baseline medical condition was headache (26.7% to 31.3%). Hypertension was more frequent in the levomilnacipran groups (9.4-11.8%) compared to the placebo group (6.3%).
Most subjects (76%) had recurrent depression with mean disease duration of 10-12 years. The rate of previous antidepressant non-responders ranged from 22% to 26% and the rate of those previously intolerant to at least one antidepressant ranged from 8% to 12% (Table 38). The baseline scores for MADRS-CR, SDS, HAMD-17, CGI-S and average pain level were comparable between treatment groups (Table 39).
Table 38: Study LVM-MD-01 Psychiatric history Safety population
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Table 39: Study LVM-MD-01 Baseline efficacy assessment ITT population
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Concomitant medication use was similar between treatment groups with the most frequent being analgesics (27-38%) and anti-inflammatories (28-33%).
Results for the primary efficacy outcome
After 8 weeks of double-blind treatment in the ITT population, the LS mean change from baseline in the MADRS-CR total score was -14.8, -15.6 and -16.5 in the levomilnacipran 40, 80 and 120 mg groups, respectively, compared to -11.6 in the placebo group. The LS mean difference from placebo for all three dose groups was statistically significant (p<0.02) (Table 40). The treatment response started to separate from placebo at week 2 (Figure 6).
Table 40: Study LVM-MD-01 Primary efficacy analysis Change from baseline to Week 8 in the MADRS-CR total score (MMRM) ITT population 
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Figure 6: Study LVM-MD-01 Mean change in MADRS-CR total score (MMRM) from baseline to Week 8 ITT population
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Comment: 	While there appears to be a small dose response, confidence intervals indicate little difference between doses. No formal between dose comparisons were made.
Results were supported by the sensitivity analyses (Table 41).
Table 41: Study LVM-MD-01 Sensitivity analyses: Change from baseline to Week 8 in the MADRS-CR total score (LOCF and PMM) ITT population
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Results for other efficacy outcomes
The LS mean change from baseline to week 8 in the SDS total score was -8.6, -9.7 and -9.7 in the levomilnacipran 40, 80 and 120 mg groups, respectively, compared to -7.2 in the placebo group. Only the 80 mg and 120 mg groups were found to have a statistically significant difference compared to placebo.
There was a significantly greater reduction in the LS mean change from baseline in the HAMD-17 total score in the levomilnacipran 80 mg and 120 groups compared to placebo, while no significant difference was found with the 40 mg dose (p=0.1994). Similarly, a significant effect was found on the CGI-I and CGI-S scores for the higher doses but not for the 40 mg dose).
The MADRS-CR response rates (≥50% reduction from baseline) were 36.4%, 37.3% and 41.5% in the levomilnacipran 40, 80 and 120 mg groups, respectively, compared to 29.1% in the placebo group. Only the 120 dose group had a significantly better response rate (OR=1.79, p=0.011. The MADRS-CR remission rates (total score ≤10) were similar across all treatment groups (19.4% to 21.6%) with no significant difference between active and placebo groups.
There were no significant differences between any dose group and placebo for HAMD-17 response rates (≥50% reduction from baseline), HAMD-17 remission rates (total score ≤7) or for CGI-I response rates (CGI-I score ≤2).
Comment: 	The 40 mg dose met the primary endpoint however these data for this lower dose were not supported by secondary endpoints or MADRS response or remission rates.
	The sponsor stated that the lack of response on MADRS remission was due to the higher disease severity at study entry (MADRS ≥30).
[bookmark: _Toc290846276][bookmark: _Toc433200244]Study LVM-MD-10
Study design, objectives, locations and dates
Study LVM-MD-10 was a phase III, double-blind, placebo-controlled, parallel group, fixed dose study of levomilnacipran SR in adults with recurrent MDD. It was conducted between June 2011 and March 2012 at 47 US and 4 Canadian sites. There were central laboratories for clinical laboratory assessments and ECG reading and specific training for staff undertaking efficacy assessments.
The study design was the same as LVM-MD-01 with a one week single blind run-in period and an 8 week double-blind treatment period. This was followed by a 1 week (rather than 2 week) double-blind tapering down period (Figure 7). In contrast to LVM-MD-01, only the fixed doses of 40 mg and 80 mg per day were compared to placebo.
Figure 7: Study LVM-MD-10 Design
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Inclusion and exclusion criteria
Inclusion criteria were:
Adults 18 to 75 years
DSM-IV-TR criteria for recurrent MDD, confirmed on MINI and with an ongoing depressive episode of at least 6 weeks but no longer than 12 months
Five or less major depressive episodes within the previous 5 years 
A score of ≥ 26 on the MADRS
A score of ≥ 4 on the Clinical Global Impressions-Severity (CGI-S) scale
Normal, or abnormal but not clinically significant, physical examination, clinical laboratory tests and ECG
BMI 18-40 kg/m2
Negative serum pregnancy test for WOCBP.
At baseline, the MADRS needed to be ≥26, the CGI-S ≥4 and the urine drug screen negative.
Exclusion criteria were similar to LVM-MD-01.
Study treatments
The three treatment groups were levomilnacipran 40 mg, levomilnacipran 80 mg and placebo. Levomilnacipran was supplied in 20 mg and 40 mg capsules. Patients in the levomilnacipran groups commenced on 20 mg/day and were force titrated to the 40 or 80 mg dose over the first week of treatment. Subjects took two capsules once each day. Psychotropic medications, or medication with psychotropic activity were prohibited.
Efficacy variables and outcomes
Efficacy variables were the same as LVM-MD-01. The primary efficacy outcome was the change from baseline to week 8 in the MADRS total score. The secondary efficacy outcome was the change from baseline to week 8 in the SDS total score.
Randomisation and blinding methods
Patients were randomised in a 1:1:1 ratio to one of the 3 parallel groups using an IWRS. Blinding was achieved by supplying Levomilnacipran and placebo in identical capsules and packaging.
Analysis populations
As with LMV-MD-01 the primary analysis was conducted on the ITT population.
Sample size
Sample size calculations used the same assumptions as LVM-MD-01 and, as there were three groups rather than 4, the sample size per group was 170.
Statistical methods
Statistical methods were the same as LVM-MD-01. The primary analysis of the MADRS used a mixed effects model for repeated measures (MMRM), the Hochberg multiple comparison procedure for controlling type I error and the same sensitivity analyses.
Participant flow
There were 959 subjects screened and 586 randomised. Of these, 6 were lost to follow-up or withdrew consent leaving 562 subjects receiving at least one dose of study medication (safety population) and 557 with who had a post-baseline MADRS assessment (ITT population). The completion rate was 79% (n=441) (Figure 8). The number of patients per group in the analysis populations is shown in Table 42).
Figure 8: Study LVM-MD-10 Patient population and disposition 
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Table 42: Study LVM-MD-10 Patient populations
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The premature discontinuation rate was higher in the levomilnacipran 40 mg and 80 mg groups compared to the placebo group (22.9%, 24.5% versus 17.2%) and in particular discontinuation due to an AE (6.4%, 10.1% versus 1.6%).
Major protocol violations/deviations
The rate of protocol deviations was 17.6%, 12.2% and 11.3% in the levomilnacipran 40 mg, levomilnacipran 80 mg and placebo groups, respectively. The rate of discontinuation due to a protocol violation was 5.3%, 3.2% and 2.2% in the respective groups.
Non-compliance (<90% of assigned treatment) rates were similar between groups (1.6%, 2.1%, 1.6% in the levomilnacipran 40 mg, levomilnacipran 80 mg and placebo groups, respectively).
Baseline data
Baseline demographic characteristics were balanced between groups. The mean age of subjects was 42.8 years, 63.5% were female and 74% White. Headache was the most frequent medical condition at baseline (18.6% - 25.3%). Insomnia was less frequent in the 40 mg group (4.8%) compared to 80 mg (9.0%) or placebo (10.8%).
Patients had recurrent MDD with a mean of 3.5 major depressive episodes and mean disease duration of 12.8 to 14.7 years. The proportion of non-responders to at least one prior antidepressant was 20.2-25.0%. Anxiety disorders were reported in 4.6% and substance related disorders in 4.4%. Baseline efficacy measures were similar between groups. The mean baseline MADRS total score was 30.8-31.2 and SDS total score was 16.4-17.6.
Results for the primary efficacy outcome
The LS mean change from baseline to week 8 in the MADRS total score was -14.6, -14.4 and -11.3 in the levomilnacipran 40mg, levomilnacipran 80 mg and placebo groups, respectively. The improvement in MADRS score was statistically significantly different to placebo for both doses (difference of -3.3 [p-0.0027] and -3.1 [p=0.0043] for the 40 mg and 80 mg groups, respectively (Table 43). The results were supported by the two sensitivity analyses (Table 43). The effect separated from placebo at week 4. There was no evident difference between the 40 mg and 80 mg doses (Figure 9).
Table 43: Study LVM-MD-10 Primary efficacy parameters Change from baseline to Week 8 in MADRS total score ITT population
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Figure 9: LVM-MD-10 By-visit mean change from baseline in MADRS total score (MMRM) ITT population
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Results for other efficacy outcomes
The LS mean change from baseline in the SDS total score was -7.3, -8.2 and -5.4 in the levomilnacipran 40mg, levomilnacipran 80 mg and placebo groups, respectively. Both doses had a statistically significant effect on the SDS total score over placebo, however the effect was only significant on the work/school subscale.
Both levomilnacipran doses had a statistically significant response on the HAMD-17 total score (LS mean difference of -2.18 and -1.62, for the 40 mg and 80 mg doses, respectively. This effect was seen on the depressed mood item, psychomotor retardation subscale and the melancholia subscale. The LS mean difference versus placebo for the CGI-S score was -0.31 and -0.33 for the 40 mg and 80 mg doses, respectively, with both being statistically significant.
The rate of MADRS responders was 48.6%, 46.5% and 33.5% in the levomilnacipran 40mg, levomilnacipran 80 mg and placebo groups, respectively. The response rates were significantly greater compared to placebo for both doses. The MADRS remission rate was 29.7%, 31.6% and 18.4% in the respective groups with a statistically significant difference for both comparisons against placebo.
The HAMD-17 response rate (44.8%, 39.3% and 31.0%) was only statistically significant over placebo in the 40 mg per day group while the HAMD-17 remission rate (30.2%, 30.3% and 20.1% in the respective groups) was significantly greater with both levomilnacipran doses compared to placebo (Table 44).
Table 44: Additional efficacy parameters MADRS response and remission rate at Week 8 (LOCF) ITT population
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Comment: 	The positive effect of these lower doses together with the effect on MADRS response and remission rates compared to Study LVM -MD-01 may be due to the lower disease severity at study entry (MADRS >26 versus >30).
[bookmark: _Toc433200245]Study LVM-MD-03
Study design, objectives, locations and dates
Study LVM-MD-03 was a phase III, double-blind, placebo-controlled, parallel group, flexible dose study of levomilnacipran SR in adults with recurrent MDD. The objective was to evaluate the efficacy, safety, and tolerability of levomilnacipran SR versus that of placebo in the treatment of patients with MDD.
It was conducted between December 2009 and December 2011 at 23 sites in the US. There were central laboratories for clinical laboratory assessments and ECG reading. The C-SSRS was administered to patients via an IVRS and there was centralised rater training for the MADRS.
The study design was the same as LVM-MD-01 apart from patients were randomised to either placebo or levomilnacipran which was given as a flexible dose of 40 mg to 120 mg (Figure 10).
Figure 10: Study LVM-MD-03 design 
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Inclusion and exclusion criteria
Inclusion criteria were:
Adults 18 to 80 years
DSM-IV-TR criteria for MDD with an ongoing depressive episode of at least 4 weeks based on the MINI, information from the computerised diagnostic assessment (DxV MDD)[footnoteRef:13] and clinician report on this assessment and patient’s medical history. [13:  Patients were instructed to complete a computer-administered diagnostic assessment (DxV MDD) at Visit 1 (Screening) that assessed 5 dimensions of MDD: (1) characteristics of at least 1 qualifying depressive episode, (2) age of onset of first affective episode, (3) course of illness, (4) response and exposure to previous treatments, and (5) family history. This was done on a dedicated computer provided by an independent vendor. The responses were evaluated by a clinician at this CRO.] 

A score of ≥30 on the MADRS-CR.
Normal, or abnormal but not clinically significant, physical examination, clinical laboratory tests and ECG.
BMI 18-40 kg/m2.
Negative serum pregnancy test for WOCBP.
At baseline, the MADRS-CR needed to be ≥30, the MADRS-SR ≥26 and the urine drug screen negative.
Exclusion criteria were essentially the same as LVM-MD-01.
Study treatments
Patients were given levomilnacipran 20 mg/day for two days and then increased to 40 mg/d. The dose could then be increased to 80 mg at end of week 1, 2 or 4. The dose could also be increased to 120 mg at end of week 4 but no further dose increases were allowed after this time point. Dose increase was based on response and tolerability and in addition at the end of week 4 patients with <50% improvement in the MADRS-CR total score were eligible for a dose increase if no dose-limiting AEs (Table 45).
Table 45: Study LVM-MD-03 Titration regimen for the double blind treatment period 
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Levomilnacipran was supplied in 20 mg and 40 mg capsules. Psychotropic medications, or medication with psychotropic activity were prohibited.
Efficacy variables and outcomes
Efficacy variables were the same as LVM-MD-01. The primary efficacy outcome was the change from baseline to week 8 in the MADRS-CR total score. The secondary efficacy outcome was the change from baseline to week 8 in the SDS total score.
Additional efficacy variables assessed in this trial which were not undertaken in the previous two trials included cognitive tests[footnoteRef:14] and Motivation and Energy Inventory–Short Form (MEI-SF)[footnoteRef:15] [14:  The Cognitive Tests were completed by the patient using a dedicated computer and response box and included the Cognitive Drug Research System for Attention and the Bond-Lader Visual Analogue Scales of Mood and Alertness. The Cognitive Drug Research System for Attention included 3 computerized tasks (The Simple Reaction Time, Digit Vigilance, and Choice Reaction Time). Parallel forms of each task were used to allow for repeated assessment by presenting different, but equivalent, stimuli at each administration. Speed and accuracy measured from the tasks were used to derive 4 composite scores (power of attention, continuity of attention, cognitive reaction time, and reaction time variability). In the computerised version of the Bond-Lader Visual Analogue Scale of Mood and Alertness, the participant used the computer mouse to indicate on a series of 16 visual analogue scales how he or she was feeling right now. Three factors were derived that assessed self-rated alertness, calmness, and contentment.]  [15:  The Motivation and Energy Inventory-Short Form (MEI-SF) is an 18-item scale based on the 27-item Motivation and Energy Inventory designed to measure changes in patient motivation and energy following antidepressant treatment. A higher MEI-SF total score indicated greater motivation and energy. The scale allowed the patient to rate his or her motivation and energy during the previous week on 5-point (from never to every day or from not at all interested to extremely interested) or 7-point Likert scales (from none of the time to all of the time or from never to always). The instrument provided cognitive and social subscores.] 

Randomisation and blinding methods
Patients were randomised in a 1:1 ratio to either the active or placebo groups via randomisation numbers. Blinding was achieved by supplying Levomilnacipran and placebo in identical capsules and packaging.
Analysis populations
As with previous studies, the primary analysis was conducted on the ITT population (randomised subjects who took at least one dose of double-blind medication and had at least one post baseline assessment of the MADRS-CR).
Sample size
A sample size of 220 per group gave the study a 90% power to detect an effect size of 0.33 between placebo and active groups. This assumed a correlation of 0.7 between the repeated measures, effect sizes of 0.03, 0.17. 0.30, 0.32 and 0.33 for post baseline visits and a dropout rate of 20%.
Statistical methods
Statistical methods were the same as LVM-MD-01 with the primary analysis of the MADRS using a MMRM. Analysis used observed data without any imputation for missing values. The same sensitivity analyses were undertaken as previous studies. Inferential analysis of secondary endpoint of SDS was only undertaken if the primary endpoint was statistically significant (p<0.05).
There were two protocol amendments: the first altered the secondary endpoint (removing CGI-I and MEI-SF) and added that efficacy was not to be assessed in patients who had been off medication for ≥3 days; the second increased the sample size and added the PMM sensitivity analysis.
Participant flow
There were 899 subjects screened and 442 randomised. Of these, 8 were lost to follow-up, withdrew consent or had an AE leading to discontinuation, leaving 434 subjects receiving at least one dose of study medication (safety population) and 429 who had a post-baseline MADRS assessment (ITT population). There were 172 (79.3%) and 163 (75.1%) patients who completed the study in the placebo and levomilnacipran groups, respectively (Figure 11). The number of patients per group in the analysis populations is shown in Table 42.
Figure 11: Study LVM-MD-03 Patient population and disposition
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The premature discontinuation rate was higher in the levomilnacipran compared to the placebo group (24.9% versus 20.7%). The most frequent reasons were AE (7.8% versus 3.2%) and loss to follow-up (7.4% versus 6.5%, levomilnacipran versus placebo).
Major protocol violations/deviations
The rate of protocol deviations was 29.4% and 21.2% in the levomilnacipran and placebo groups, respectively. The rate of discontinuation due to a protocol violation was 3.2% and 4.6% in the respective groups. The most frequent violation was use of prohibited concomitant medication (8.3% versus 6.9%). There was one patient who was enrolled in the study twice at separate sites. Non-compliance (<90% of assigned treatment) rates were 2.8% and 2.3%, respectively.
Baseline data
Baseline demographic characteristics were balanced between groups. The mean age of subjects was 44.8 years, 65.2% were female and 82.7% White. Seasonal allergy (20.7% versus 18.9%) and headache (18.9% versus 26.7%) were the most frequent medical conditions at baseline.
Most patients had recurrent MDD (81.1% versus 82.5%) and the mean number of episodes was similar (5.7 versus 5.8). The mean disease duration was approximately 14 years for both groups. The non-responder rate to at least one prior antidepressant was 24.0% versus 21.2%. Prior intolerance to an antidepressant was higher in the levomilnacipran group (11.1% versus 5.1%). Anxiety disorders were the most frequent secondary psychiatric disorders (11.5% versus 8.3%). Baseline efficacy measures were comparable between groups and the mean baseline MADRS total score was 35.
The final daily dose of 40 mg, 80 mg and 120 mg was reported in 21.2%, 34.1% and 44.2% of levomilnacipran-treated subjects, respectively.
Results for the primary efficacy outcome
The LS mean change from baseline to week 8 in the MADRS-CR total score was -15.3 and -12.2 in the levomilnacipran and placebo groups, respectively, with a statistically significant LS mean difference of -3.095 (95% CI: -5.26, -0.94, p=0.005). The results were supported by the two sensitivity analyses (Table 46). A separation of effect was seen from week one and continued over the 8 week treatment period (Figure 12).
Table 46: Study LVM-MD-03 Primary efficacy parameter Change from baseline to Week 8 in MADRS-CR total score ITT population
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Figure 12: Study LVM-MD-03 By-visit mean change from baseline in MADRS-CR total score (MMRM) ITT population
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Results for other efficacy outcomes
There was a positive effect on the SDS total score with a LS mean change from baseline of -8.0 versus -5.4 and difference of -2.63 (95% CI: -4.2, -1.1, p=0.001).
The HAMD-17 total score (including anxiety, psychomotor retardation and melancholia subscales), CGI-S score and MEI-SF total score all showed statistically significant improvements over placebo. However, the HAMD-17 subscales of depressed mood and sleep disturbance and the CGI-I were not significantly improved over placebo. The cognitive testing which assessed power of attention, continuity of attention, cognitive reaction time, reaction time variability, alertness of attention, calmness and contentment found no significant differences between active and placebo (apart from continuity of attention).
The MADRS-CR response rate (41.9% versus 29.4%), the HAMD-17 response rate (38.6% versus 28.0%) and the CGI-I response rate (44.7% versus 32.7%) were all significantly higher with levomilnacipran than placebo. However, the remission rates for MADRS-CR (17.2% versus 18.2%) and HAMD-17 (16.7% versus 17.8%) showed no difference.
Comment: 	This flexible dose study, which enrolled patients with a baseline MADRS total score of ≥30, also failed to show a separation of effect on MADRS remission rates. MADRS response rates were similar to Study LVM -MD-01.
[bookmark: _Ref271037188][bookmark: _Ref271037210][bookmark: _Toc272414655][bookmark: _Toc290846277][bookmark: _Toc433200246][bookmark: _Toc241374311][bookmark: _Ref243294291]Other efficacy studies
[bookmark: _Toc290846278][bookmark: _Toc433200247]Study LVM-MD-02
Design and Methods
 LVM-MD-02 was a phase III, double-blind, placebo-controlled, parallel group, flexible dose study of levomilnacipran SR (40 to 120 mg/d) in adults with recurrent MDD. The objective was to evaluate the efficacy, safety, and tolerability of levomilnacipran SR versus that of placebo in the treatment of patients with MDD. It was conducted between September 2009 and October 2010 at 24 sites in the US.
The study design, methodology and inclusion/exclusion criteria were the same as Study LVM -MD-03. As with that study, the duration was 11 weeks with an 8 week double-blind treatment period with flexible dosing between 40 and 120 mg/d.
Participant flow and characteristics
 There were 793 patients screened and 362 randomised with 5 lost to follow-up or who did not receive treatment. The safety population included 357 and the ITT population 355 patients. The numbers completing were 135 (76%) and 149 (81%) in the levomilnacipran and placebo groups, respectively (Figure 13). The premature discontinuation rate was 22.9% and 18.1% in the respective groups, with a higher rate of AE-related discontinuation in the levomilnacipran group (8.0% versus 2.2%). The protocol deviation rate was 22.9% versus 21.4% and discontinuation due to a protocol violation was slightly higher in the levomilnacipran group (6.9% versus 4.9%). The non-compliance rate was 3.4% and 3.8% in the respective groups.
Figure 13: LVM-MD-02 Patient population and disposition
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The mean patient age was 43 years. There were slightly more males in the levomilnacipran than placebo group (43% versus 36%) and slightly more non-Whites (24% versus 18%). Most subjects had recurrent depression (68.6% versus 75.3%) with a mean number of episodes of 4.8 and 4.2 in the levomilnacipran and placebo groups, respectively. Disease duration was similar (10.2 versus 11.5 years), as was the rate of previous treatment non-responders (29.1% versus 30.8%). Baseline efficacy assessments were balanced. Prior psychotropic medication use was higher in the placebo group (49.7% versus 60.4%). Concomitant medication use was similar between groups.
Results
This study failed to meet its primary endpoint. The LS mean change from baseline to week 8 in the MADRS total score was -15.7 and -14.2 in the levomilnacipran and placebo groups, respectively, with a non-significant difference of -1.49 (95% CI: -4.02, 1.05, p=0.249). This result was also found on the two sensitivity analyses. The two groups had similar results across the 8 week treatment period (Figure 14).
Figure 14: LVM-MD-02 By visit mean change from baseline in MADRS_CR total score (MMRM) ITT population
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There was also no significant difference from placebo on the secondary endpoint of SDS total score (LS mean difference of -0.54, p=0.562). Similarly, on the further efficacy endpoints of HAMD-17 total score, CGI-S, CGI-I and pain scores there were no significant differences from placebo. There were also no significant differences on the MADR-CR response rate (38.5% versus 34.8%), MADRS-CR remission rate (25.3% versus 23.8%), HAMD-17 response rate (37.4% versus 34.3%), HAMD-17 remission rate (21.8% versus 18.2%) or the CGI-I response rate[footnoteRef:16] (44.3% versus 38.7%). [16:  CGI-I response rate was defined as a CGI-I score of ≤2.] 

[bookmark: _Toc290846280][bookmark: _Ref419979697][bookmark: _Toc433200248]Study F02695 LP 2 02
Design and Methods 
Study F02695 LP 2 02 was a phase II, double-blind, placebo-controlled, parallel group study of flexible dose levomilnacipran (75-100 mg/day) in adults with moderate to severe MDD. It was conducted between December 2006 and October 2007 at 68 sites in Europe, India and South Africa. The primary objective was to assess the clinical efficacy of levomilnacipran SR in patients with MDD. This study was sponsored by Pierre Fabre Medicament. There was a 10 week active treatment period which included a 2 week progressive titration period. This was then followed by a 1 week down titration period (Figure 15).
Figure 15: F02695 LP 2 02 Study scheme
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Inclusion criteria
Adults 18 to 70 years, DSM-IV-TR major depressive episode diagnosed using the MINI which was moderate to severe, unipolar and without psychotic features; episode duration of ≥1 month; HAMD-17 total score of >22; SDS total score of ≥10 with at least one score of ≥6 on the subscale; and no clinically relevant abnormalities on examination, laboratory tests or ECG.
Exclusion criteria
Significant suicide risk; resistance to two anti-depressants during current episode; bipolar disorder; psychotic episode or disorder; panic disorder, generalised anxiety, obsessive compulsive disorder, social phobia, post-traumatic stress disorder; major personality disorder; drug or alcohol abuse or dependence; fibromyalgia, chronic fatigue syndrome; severe systemic disease; seizures; cardiovascular disease; cardiac rhythm or conduction disorder; prostatic disorder or dysuria; acute glaucoma; hepatic insufficiency; stroke or cerebral disease; pregnancy or breast feeding; haemostasis disorder; ALT/AST >1.5x ULN, creatinine >150 µmol/L, QT or QTc >ULN; chronic use of neuroleptics, anxiolytics, hypnotics; depot neuroleptic within 12 months; ECT within 3 months; antidepressants within 1-3 weeks of inclusion depending on the required washout period; prior non-response to milnacipran.
Treatment
All treatment was taken once daily in the morning. Subjects were up-titrated from 25 mg to 50 mg to 75 mg over the first 11 days. On day 12 the dose could be maintained at 75 mg or increased to 100 mg. Levomilnacipran SR was supplied in 25 mg or 50 mg capsules. Placebo was in matching capsules. Subjects were randomised via and IVRS and randomisation was stratified by MADRS severity (<30, ≥30).
Efficacy endpoints
The primary endpoint was the change from baseline to week 10 (day 70) in the MADRS total score. Secondary endpoints included the HAMD-17, CGI-S, SDS and somatic complaints using a visual analogue scales (VAS).
Analysis population
The analysis of efficacy was on the full analysis set (FAS) which was defined as all randomised subjects who received at least one dose of study medication and had at least one post baseline MADRS assessment.
Comment:	This analysis excluded subjects from site 1108 which is discussed below. The FAS is the same population as the ‘ITT’ which was used in the other studies.
Statistical methods and sample size
The primary analysis used a MMRM with treatment, centre and visit as main effects, MADRS total score baseline as covariate, and treatment-by-visit and baseline-by-visit interactions. There was no imputation for missing values. Supportive analysis was conducted on the per protocol (PP) population. The FAS was also analysed using the LOCF approach. There was no adjustment for multiplicity.
A sample of 506 patients (253 per group) gave the study an 80% power to detect 2.5 points of difference on the MADRS total score assuming a standard deviation of 10 on two sided test and α=0.05. Allowing for 5% exclusion from the FAS, a total of 534 patients (267 per group) were required.
There were two general and two local amendments. The changes were all minor apart from in general amendment two, the addition of social phobia to the exclusion criteria and updating references to DSM-IV to DSM-IV-TR.
Participant flow
There were 659 patients screened, 563 randomised with 282 and 281 in the levomilnacipran SR and placebo groups, respectively. There were 4 subjects without post-baseline MADRS scores. The premature withdrawal rate was 20.2% and 24.9% in the levomilnacipran and placebo groups, respectively. The most common reason was consent withdrawal (10.3% versus 13.2%), therapeutic failure (7.8% versus 14.2%) and AE (9.2% versus 6.0%).
There were six patients (2 placebo, 4 active) at site 1108 in South Africa who were excluded from the data analysis. The sponsor stated that there were concerns regarding GCP compliance at the site and therefore all data were invalidated. With these subjects excluded, the safety dataset included 557, the FAS 553 and the PP population 505 subjects.
Comment:	The sponsor has been asked to confirm that there were no other issues with GCP compliance in the clinical development program.
At the end of the dose escalation period most patients were on 100 mg (71.6% versus 81.4%, levomilnacipran and placebo groups, respectively). The rate of major protocol deviations in the FAS was 9.1% versus 8.3%. Study treatment compliance was high with a mean compliance of 97.8% versus 98.1% in the levomilnacipran and placebo groups, respectively.
Baseline characteristics
Treatment groups were balanced on demographic characteristics. The mean age was 44.1 years, 66.5% of subjects were female and 91.1% Caucasian. Disease characteristics (MADRS, HAMD, SDS, and CGI-S) were also balanced. The mean baseline MADRS total score was 30.9 versus 30.5, the mean number of previous major depression episodes was 2.6, 82% had previously taken an antidepressant and about half the patients were receiving treatment for the current episode.
Results
The LS mean change from baseline to day 70 in the MADRS total score was -18.7 and ‑14.5 in the levomilnacipran and placebo groups, respectively. The LS mean difference of -4.2 (95% CI: -5.7, -2.6) was statistically significant (p<0.0001). Separation of effects was seen from day 21 through to Day 70 (Figure 16). The MMRM analysis of the PP population also found a significant treatment difference of -4.2 (95% CI: -5.8, -2.7. p<0.0001). Further analysis using ANCOVA of the FAS with LOCF was supportive (difference in the adjusted mean change in MADRS of -3.7 [95% CI: -5.2,-2.1]).
Figure 16: F02695 LP 2 02 Total score Values over time FAS
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MADRS responder rates (≥50% decrease total score) were higher with levomilnacipran (59.1% versus 42.2%) with a significant odds ratio of 2.15 (95% CI: 1.48,3.11, p<0.0001). MADRS remission rates (total score ≤10) were also greater in the levomilnacipran group (46.4% versus 26.0%, OR=2.73, p<0.0001).
There was also a significant improvement in the LS mean change from baseline in HAMD-17 with levomilnacipran (-14.9 versus -11.5, LS mean difference of -3.4, p<0.0001). As with the MADRS, the proportion of HAMD-17 responders (56.2% versus 38.6%) and HAMD-17 remitters (33.3% versus 20.6%) was significantly improved with levomilnacipran compared to placebo. The LS mean difference in the change form baseline in CGI Improvement score was also in favour of levomilnacipran (LS mean difference -0.4, 95% CI: -0.6,-0.3, p<0.0001). CGI responder rates (CGI change of 1 or 2) were 68.0% versus 46.2% in the levomilnacipran and placebo groups, respectively. The LS mean change from baseline in the SDS total score was -11.1 and -7.7 in the levomilnacipran and placebo groups respectively with a significant treatment difference of -3.4 (p<0.0001). There were no significant differences in the mean change from baseline in the VAS for back pain, chest pain, dizziness, joint paint and heart beating. There was a positive effect on weakness.
Comment: 	This earlier study assessed a different dose (flexible 75-100 mg), had slightly different selection criteria (based on HAMD and SDS rather than MADRS), no documented rater training, and had one site with GCP non-compliance. For these reasons efficacy data from this study are only considered supportive.
[bookmark: _Toc433200249]LVM-MD-05 (Relapse Prevention Study)
Design and Methodology
Study LVM-MD-05 was a phase III, multicentre, randomised, double-blind, placebo-controlled, relapse prevention study in adults with MDD. It was conducted between March 2010 and October 2011 at 30 centres in the US and 6 in Canada (5 of the Canadian sites randomised subjects). MADRS rater training was undertaken by a CRO and there were central laboratories for clinical laboratory assessments and ECGs.
The study was 39 weeks duration. This included a one week, no drug screening period, a 12-week open-label levomilnacipran SR 40 mg to 120 mg/day treatment period (commencing at 20 mg per day for 2 days), a 24 week double-blind treatment period (40/80/120 mg levomilnacipran SR or placebo), and a 2 week double-blind down-taper treatment period (Figure 17)
Figure 17: LVM-MD-05 Study design
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At the end of the open-label period, patients who met the criteria for MADRS response (MADRS total score of ≤12 and CGI-I score of ≤2 at weeks 10 and 12) were randomised (at week 12) in a 2:1 ratio to levomilnacipran SR or placebo. Patients continued on the dose (40, 80 or 120 mg/day) that was being taken at the end of the open-label period and this dose was fixed during the double-blind 24 week treatment period. Placebo-treated patients had their open-label levomilnacipran dose tapered down during the first week of double-blind treatment.
Inclusion criteria were: adults; 18-65 years; DSM-IV-TR criteria for MDD, confirmed on MINI with the depressive episode of at least 4 weeks; MADRS ≥22 (visits 1 and 2); negative urine drug and alcohol screen and normal or not clinically significant examination, laboratory and ECG results. Exclusion criteria were essentially the same as Study LVM -MD-01.
Treatment was with levomilnacipran SR 20 mg and 40 mg capsules or matching placebo once daily at the same time of day. Up titration to 80 or then to 120 mg/day was based on investigator judgement of patient response and the absence of dose-limiting AEs. Dose decrease during the open-label period was allowed for tolerability reasons.
The primary efficacy endpoint was the time to relapse from randomisation during the double-blind treatment period. Relapse was defined as 1 or more of the following:
MADRS total score ≥22 at 2 consecutive visits, or
Increase of 2 or more points in CGI-I score compared with the CGI-I score at visit 9 (end of open-label treatment period) at 2 consecutive visits, or
Premature discontinuation due to insufficient therapeutic response, or
MADRS item 10 score ≥4.
The time to relapse comparison between the active and placebo groups used a Cox proportional hazard regression model. Kaplan Meier estimates were calculated for the cumulative relapse rate. Analysis was on the ITT population. There were no set secondary endpoints. Additional efficacy endpoints were MADRS, CGI-S, CGI-I and SDS. These were analysed using an MMRM.
For the sample size calculation, the assumed relapse rate was 38% and 20% in the placebo and levomilnacipran SR groups, respectively. With a 20% discontinuation rate during double-blind treatment, a sample of 360 (240 levomilnacipran and 120 placebo) gave the study a 90% power to detect this assumed difference (α=0.05). The study required 700 patients with an assumed responder rate of 52% in the open-label period.
Participant flow and characteristics
Of the 1066 patients screened, 734 were enrolled and received medication during the open-label period, 724 had at least one MADRS assessment and 494 completed open-label treatment. There were 348 patients randomised (235 and 113 in the levomilnacipran and placebo groups, respectively). Of these, 342 (230 and 112) received study medication and had at least one post-randomisation MADRS assessment (double-blind ITT population) (Figure 18).
Figure 18: LVM-MD-05 Patient populations and disposition
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Comment: 	This number (342) is slightly lower than the 360 required from the sample size calculation.
The premature discontinuation rate during open-label treatment was 32.7% with the most common reasons being adverse events (10.9%) and consent withdrawal (7.2%). During double-blind treatment the premature discontinuation rate was 24.0% and 17.9% in the levomilnacipran and placebo groups, respectively. The most common reasons were consent withdrawal (9.4% versus 9.8%) and lost to follow-up (7.3% versus 3.6%).
The rate of protocol violations was moderately high at 36.6% and 36.3% in the levomilnacipran and placebo groups, respectively. The most frequent violations were taking a concomitant medication for longer than allowed (22.2% in both groups).There were three patients who were enrolled twice (separate study sites). Compliance with study medication was high (>98%) in both groups during the double-blind period as well as during the open-label period.
Demographics and baseline characteristics of the double-blind population were balanced between treatment groups. The mean age was 43 years, 58% female and 75% were White. Most patients had recurrent depression (76.8% versus 73.2%) with mean disease duration of 12 years in both groups. Mean baseline MADRS total score was 30.7 in the open-label period and 6.0 and 5.9 in the levomilnacipran and placebo groups, respectively, in the double-blind period. The final daily dose of levomilnacipran at the end of the open-label period was 20, 40, 80 and 120 mg/day in 1.6%, 19.9%, 31.7% and 46.7% of patients, respectively.
Results
The proportion of patients who relapsed during double-blind treatment (ITT population) was 13.9% and 20.5% in the levomilnacipran and placebo groups, respectively.
Comment: 	These relapse rates are notably lower than those used in the sample size calculations (20% and 38%, respectively).
The hazard ratio for the time to relapse was 0.68 (95% CI: 0.40, 1.17) which was not statistically significant (p=0.165) indicating that the study failed to meet its primary objective. (Figure 19) shows the Kaplan Meier plot. Relapse rates were similar across the levomilnacipran dose subgroups (13.3%, 11.7% and 15.4% for the 40, 80 and 120 mg/day subgroups, respectively).
Figure 19: LVM-MD-05 Plot for Kaplan-Meier estimate of cumulative rate of relapse during double blind treatment period ITT population
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During double-blind treatment, the mean change from baseline in the additional efficacy endpoints of MADRS, CGI-S, CGI-1 and SDS showed no significant difference between the levomilnacipran and placebo groups (Table 47).
Table 47: LVM-MD-05 Change from baseline to end of open-label and double blind treatment periods for additional efficacy parameters (observed cases) ITT populations
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Comments: 	The study may have been underpowered due to relapse rates being lower than the estimated ones used in the sample size calculations.
The US FDA clinical evaluation stated that the study may have been hampered by an insufficient time of clinical stability (2 week) prior to the randomised withdrawal phase. The FDA has asked the sponsor to repeat this study with altered design. The sponsor has been requested to comment on these issues.
[bookmark: _Toc433200250]LVM-MD-04 (Long term, open-label study)
Design and Methodology
LVM-MD-04 was a phase III, open-label, flexible dose 52 week extension study assessing safety and tolerability in 828 patients who has participated in LVM-MD-01, -02 and -03. Patients who completed double-blind treatment and tapering down periods of the feeder studies were eligible. The study had a 48 week treatment period and a 4 week tapering down period. Treatment commenced at 20 mg on days 1 and 2 then increased to 40 mg on day 3. Following this there were further weekly increments (to a maximum of 120 mg/d) based on patient response and absence of dose-limiting adverse events (Figure 20). The study was conducted at 68 centres in the US between December 2009 and June 2012.
Figure 20: LVM-MD-04 Study design
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No psychotropic medications were permitted. The following anti-insomnia agents were permitted up to 3 times a week: zolpidem (maximum 10 mg/day); zolpidem extended release (maximum 12.5 mg/day); zaleplon (maximum 10 mg/day) and eszopiclone (maximum 3 mg/day).
Efficacy assessments (MADRS-CR, CGI-S and CGI-I) were only undertaken as further endpoints. Efficacy analysis was on the ITT population with LOCF and also using observed cases.
Participant flow
There were 828 patients enrolled with 825 in the safety and 813 in ITT populations. Only 384 (46.5%) completed the open-label period and 490 entered down taper period (59.4%). The reasons for premature discontinuation were consent withdrawal (14.3%), adverse event (13.0%), lost to follow-up (10.5%), protocol violation (8.1%) and insufficient therapeutic response (6.8%). Protocol violations were high (40.5%) with the main reason be taking prohibited concomitant medication (18.5%).
Results
The mean change from baseline in the feeder study to week 48 of the extension study in the MADRS total score was -23.6 using LOCF in the ITT population (n=813) and -27.6 using observed cases (OC) (n=381). The mean change from baseline to week 48 in the CGI-S score was-2.5 and -3.0 in the LOCF and OC analyses, respectively. In the LOCF analyses, the MADRS remission rate was 53.3%, the MADRS response rate was 73.4% and the CGI-I response rate was 74.8%.
Comment: 	The efficacy data from Study LVM -MD-04 are of limited value due to the open-label nature of the study, the lack of a comparison group and the high discontinuation rate (53%).
[bookmark: _Toc433200251]Other indications
LVM-MD-06 (Fatigue with MDD)
Design and Methodology
LVM-MD-06 was a pilot Phase II, double-blind, randomised, placebo- and active-controlled, parallel group study of levomilnacipran SR in adult patients with fatigue associated with MDD. The study was conducted between April 2011 to July 2012 at 20 sites in the US (19 randomised subjects).
The study duration was 11 weeks. After a 1 week single-blind placebo run-in period, patients who met all eligibility criteria were randomised (1:1:1) to 1 of 3 groups: placebo, levomilnacipran (flexible dose 40-120 mg/d), or SSRI (fluoxetine, paroxetine, sertraline, or citalopram). The double-blind treatment period was 8 weeks and was followed by a 2 week, double-blind, down-taper period. Subjects were randomised by an IVRS. For blinding, all treatment was supplied in identical capsules.
In the original protocol citalopram was included as 1 of 4 SSRIs. Due to a change in citalopram labelling limiting the maximum recommended dose to 40 mg the protocol was amended (60% of patients had been enrolled) and patients on citalopram were prematurely discontinued from the study and no additional patients were administered citalopram. Following the amendment patients were randomised in a 4:4:3 ratio to placebo, levomilnacipran or SSRI.
The study included patients 18 to 65 years with DSM-IV-TR criteria for MDD and the current depressive episode was at least 4 weeks. At screening and baseline they were required to have an MADRS-CR total score ≥22, a CGI-S fatigue score ≥4, and a PGI-S fatigue score ≥4.
The co-primary efficacy endpoints were change from baseline to week 8 in the CGI-S fatigue score and PGI-S fatigue score. Secondary endpoint was the Cognitive and Physical Functioning Questionnaire (CPFQ).
Results
The study randomised 262 patients with 248 in the ITT population. This included 71, 72 and 62 in the placebo, levomilnacipran and SSRI groups, respectively. Premature discontinuation rates were 20.2%, 15.3% and 19.5% in the respective groups. Protocol deviation rate ranged from 15.2 to 21.1% across the three groups. The demographic baseline characteristics were relatively well balanced. Across the three groups, baseline CGI-S fatigue score was 4.7 and PGI-S fatigue score was 4.8-4.9.
The mean reduction in CGI-S fatigue score and PGI-S fatigue score was similar between the levomilnacipran and SSRI groups and slightly lower in the placebo group (Table 48).
There was a slightly greater reduction in the CPFQ score from baseline to week 8 in the levomilnacipran group compared to SSRI or placebo (Table 48). There was little difference in the mean change from baseline to week 8 (LOCF) in the MADRS-CR total score (‑13.9, -15.7 and -15.4 in the placebo, levomilnacipran and SSRI groups respectively).
Table 48: LVM-MD-06 Primary efficacy analyses Change from baseline to Week 8 in the CGI-S fatigue score and PGI-S score for fatigue ITT population
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Comment:	No statistical comparisons were made between groups. The study did not provide evidence that levomilnacipran has any efficacy in the treatment of fatigue associated with MDD. This indication is not being sought in the draft product information.
F02695 LP 2 01 (GAD)
F02695 LP 2 01 was a phase II, randomised, double-blind, multinational, placebo-controlled, parallel group, 8 week study of the efficacy and safety of levomilnacipran SR (25mg, 50mg and 75 mg/day groups) in 33 patients with generalised anxiety disorder (GAD). It was conducted between 2005 and 2006 at 16 sites in France. The study was sponsored by Pierre Fabre Medicament. It was planned to randomise 556 patients however only 33 subjects were randomised and treated due to premature termination of the study by the sponsor. The rationale given in the CSR was: Consequently to new pharmacological data on animal models non [sic] further supporting any expected efficacy of F2695 in treating GAD, the study recruitment was prematurely stopped, upon the sponsor’s decision, on 20 December 2005.
[bookmark: _Toc241374312][bookmark: _Toc272414656][bookmark: _Toc290846281][bookmark: _Toc433200252]Analyses performed across trials (pooled analyses and meta-analyses)
Post-hoc subgroup analyses were carried out on data from four studies (LVM-MD-01, LVM-MD-10, LVM-MD-03 and F02695 LP 2 02) on the primary endpoint of change from baseline to week 8 in the MADRS total score. Data from the trials were not pooled.
The mean treatment difference between levomilnacipran and placebo on the MADRS varied between males and females in the 4 studies. In Study LVM -MD-01 and -10 the treatment difference was greater in males, in study F02695 LP 2 02 the difference was similar, while in LVM-MD-03 females has a greater treatment difference (Table 49). Analysis of those aged <55 years and ≥55 years generally found a better response in the younger patients (Table 50). There also appeared to be a lower response in non-white racial groups (Table 51).
Table 49: Summary of change from baseline to endpoint in the MADRS total score by sex (LOCF) in Studies LVM-MD-01, LVM-MD-10, LVM-MD-03 and F02695 LP 2 02 ITT population 
[image: ]
Table 50: Summary of change from baseline to endpoint in the MADRS total score by age group (LOCF) in Studies LVM-MD-01, LVM-MD-10, LVM-MD-03 and F02695 LP 2 02 ITT population 
[image: ]

Table 51: Summary of change from baseline to endpoint in the MADRS total score by race group (LOCF) in Studies LVM-MD-01, LVM-MD-10, LVM-MD-03 and F02695 LP 2 02 ITT population
[image: ]
Comment: 	The number of patients aged 55 years or older, as well as those of non-White race, was small which makes drawing conclusions difficult.
Analysis of those with a baseline MADRS score <35 or ≥35 tended to show a higher response in those with more severe depression (Table 52).
Table 52: Summary of change from baseline to endpoint in the MADRS total score by baseline MADRS total score (LOCF) in Studies LVM-MD-01, LVM-MD-10, LVM-MD-03 and F02695 LP 2 02 ITT population
[image: ]
Comment: There was no assessment of response by previous antidepressant use despite the fact that at least 40% of study participants had not previously been treated with an antidepressant. The sponsor has been asked to comment on this.
[bookmark: _Ref271126605][bookmark: _Toc272414657][bookmark: _Toc290846282][bookmark: _Toc433200253]Evaluator’s conclusions on clinical efficacy for MDD
All short term studies had 8 weeks of double-blind treatment apart from the Phase II study which had 10 weeks. Dose titration in the Phase III studies started at 20 mg/day for 2 days and in the fixed dose studies was titrated to 40 at Day 3-4, 80 by Day 5-7 and 120 mg (only Study LVM-MD-01) from Day 8. In the flexible dose studies, titration to 40 mg was at Day 3 to 7, 80 mg at Day 8-28 and 120 mg from Day 29.
The primary efficacy endpoint in all studies was the change from baseline to study endpoint (8 weeks in the Phase III studies and 10 weeks in the Phase II study) in the MADRS total score as rated by a trained clinician. The SDS total score was the key secondary endpoint and used as a measure of functional impairment. The change from baseline to Week 8 was analysed on the intent-to-treat (ITT) population which was defined as all randomised patients who took at least one dose of study medication and had at least one post baseline efficacy assessment. There was consistency of design and analyses across the studies.
Patients had MDD meeting the DSM-IV-TR criteria with an MADRS total score of ≥ 30 in Studies LVM-MD-01, LMV-MD-02 and LVM-MD-03 and a MADRS total score of ≥ 26 in Study LVM-MD-10. The Phase II study eligibility was based on the HAMD-17 (>22).
Four of the short term studies were positive and one was negative (LVM-MD-02). The Phase II study, which was positive, is only considered supportive primarily due to differences in doses assessed and inclusion criteria. The least squares (LS) mean difference (levomilnacipran versus placebo) in the change from baseline to Week 8 in the MADRS total score was in the range of -3 to -5 (Table 53). Results were robust being supported by sensitivity analyses and the secondary endpoint of SDS total score (Table 54).
[bookmark: _Ref419979961][bookmark: _Toc433200480]Table 53: Primary efficacy parameter’ Change from baseline to end point in the MADRS total score (MMRM) in the positive studies-ITT population 
[image: ]
[bookmark: _Ref419979955][bookmark: _Toc433200481]Table 54: Secondary efficacy parameter Change from baseline to end point in the SCS score (MMRM) in the positive studies-ITT population
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Levomilnacipran was found to have a positive effect on MADRS response and remission rates in studies LVM-MD-01 (only the 120 mg dose), LVM-MD-10 and F02695 LP 2 02. However no significant effects on these clinically relevant endpoints were found in studies LVM-MD-02 and LVM-MD-03 (Table 55). The sponsor states this is due to the higher MADRS entry criteria in studies LVM-MD-01, -02 and -03 and the short trial duration. The evaluator agrees that these are possible explanations for the lack of effect.
[bookmark: _Ref419979964][bookmark: _Toc433200482]Table 55: MADRS response rates at end point (LOCF) in the positive studies-ITT population
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Subgroup analyses of age (< 55/≥ 55 years) and race (White/non-White) were hampered by small numbers is some groups. The responses in males and females showed variation between studies. Those with more severe depression (MADRS ≥35) tended to have a higher treatment response.
The dossier included one 52 week, open-label extension study (LVM-MD-04) which primarily assessed safety. Due to the open-label design, lack of comparison group and the high discontinuation rate (53%) no long term efficacy conclusions can be drawn from this study.
There was one relapse prevention study (LVM-MD-05) which was negative. Consequently, there are no data demonstrating persistence of efficacy beyond 8 weeks (limited supportive evidence to 10 weeks from Study F02695 LP 2 02). EMA (2013) guidelines on products for treatment of depression state that for authorisation it should be shown that a short-term effect can be maintained during the index episode. It is noted that the FDA has requested that the sponsor conduct another relapse prevention study with altered design. The sponsor has been asked to comment on this.
The dossier included two other studies, one on generalised anxiety disorder which was terminated prematurely due to non-supportive preclinical data, and the other on fatigue associated with MDD which indicated no positive effect.
The data from the fixed dose Study LVM-MD-01 pointed towards increased efficacy with increasing dose (40, 80, 120 mg/day). This was more noticeable in those with more severe depression (MADRS ≥ 35). The dose response was not evident in Study LVM-MD-10 when only 40 and 80 mg/day were assessed (Figure 3). These studies were not powered for inter-dose comparisons and there were no statistical analyses of this. With a flexible dosing regimen in Study LVM-MD-03, 44% of patients were titrated to the highest dose of 120 mg. The other flexible dose study was negative. The data in the dossier have not characterised the minimum effective dose.
The clinical development program did not include any active control groups despite guidelines recommending their inclusion (EMA 2013).
[bookmark: _Ref419979967][bookmark: _Toc433200483]Figure 21: Treatment differences and 95% CIs of change from baseline in MADRS total score endpoint (MMRM)-ITT population
[image: ]
[bookmark: _Toc471216328]Clinical safety
[bookmark: _Toc272414659][bookmark: _Toc290846284][bookmark: _Toc433200255][bookmark: _Toc471216329]Studies providing evaluable safety data
[bookmark: _Ref268776745][bookmark: _Ref269204367][bookmark: _Ref271195835][bookmark: _Ref271195841][bookmark: _Toc272414660][bookmark: _Toc290846285][bookmark: _Toc433200256]There were no pivotal safety studies.
The studies which provided evaluable safety data were allocated into 5 groups (Table 56). Group 1 included the 5 short term placebo controlled studies, Group 2 the single long term (48 weeks) safety study, Group 3 the single relapse prevention study, Group 4 the healthy subject studies (19 studies) and Group 5 the two studies in other indications. Groups 1, 2 and 3 were pooled to provide the ‘all levomilnacipran-treated patient’ group.
Safety analyses were conducted on the Safety Population which was defined as all randomised subjects who received at least one dose of study medication. The end of double-blind treatment was defined as the last dose prior to commencing the down-titrated double-blind medication (or the last non-missing value if there was no down titration).
[bookmark: _Ref419979969][bookmark: _Toc433200484]Table 56: Levomilnacipran clinical studies 
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There were 26 identified patients who participated in more than one levomilnacipran study. Data from these subjects were included in the safety analyses.
In the short-term, placebo-controlled studies the following safety data were collected:
General adverse events (AEs) which were assessed at all visits. Data on treatment emergent AEs (TEAEs) were provided.
AEs of particular interest, including cardiovascular, suicidality, genitourinary, narrow angle glaucoma, abnormal bleeding, serotonin syndrome/neuroleptic malignant syndrome, hyponatraemia and hepatoxicity, were analysed by standardised MedDRA queries.
Clinical laboratory tests, including haematology, chemistry and urinalysis (not in F02695 LP 2 02), and pregnancy tests which were assessed at screening and weeks 4 and 8 (or 10 in F02695 LP 2 02).
Vital signs (including orthostatic blood pressure and body weight) at all visits and physical examination (at screening and final visits).
ECGs at screening and weeks 4 and 8 (or 10 in F02695 LP 2 02).
Columbia–Suicide Severity Rating (C–SSRS)[footnoteRef:17] (not in F02695 LP 2 02) at all visits. [17:  The C–SSRS is an instrument that reports the severity of both suicidal ideation and behaviour. Suicidal ideation is classified on a 5-item scale: 1 (wish to be dead), 2 (nonspecific active suicidal thoughts), 3 (active suicidal ideation with any methods [not plan] without intent to act), 4 (active suicidal ideation with some intent to act, without specific plan), and 5 (active suicidal ideation with specific plan and intent). The C–SSRS also captures information about the intensity of ideation, specifically the frequency, duration, controllability, deterrents, and reasons for the most severe types of ideation. Suicidal behaviour is classified on a 5-item scale: 0 (no suicidal behaviour), 1 (preparatory acts or behaviour), 2 (aborted attempt), 3 (interrupted attempt), and 4 (actual attempt). More than 1 classification can be selected provided they represent separate episodes. For actual attempts only, the actual or potential lethality is classified for the initial, most lethal, and most recent attempts.] 

Arizona Sexual Experiences (ASEX) as a measure of sexual dysfunction in Study LVM-MD-02.
The open-label, long-term and relapse prevention studies collected the same safety data at regular intervals during the studies. The healthy subject studies provided data on serious AEs (SAEs).
[bookmark: _Toc471216330]Pivotal studies that assessed safety as a primary outcome
There were no pivotal safety studies.
[bookmark: _Toc241374318][bookmark: _Ref271196630][bookmark: _Toc272414662][bookmark: _Toc290846300][bookmark: _Toc433200257][bookmark: _Toc471216331]Patient exposure
[bookmark: _Toc241374319][bookmark: _Ref271044764][bookmark: _Toc272414663][bookmark: _Toc290846301][bookmark: _Toc433200258]There were 1583 patients in Group 1 (short term studies), 825 in Group 2 (long term extension study), 734 in Group 3 open-label (233 double-blind period) and 637 in Group 4 (clinical pharmacology and biopharmaceutic studies) who received levomilnacipran (Table 57 below). In the phase I studies, 371 subjects received a single dose, 209 multiple doses and 57 both single and multiple doses. Doses ranged from 20 to 300 mg per day for up to 36 days.
[bookmark: _Toc433200331]Table 57: Distribution of subjects in the levomilnacipran studies-Safety population
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In Groups 1, 2 and 3 (MDD patients) there were 2673 patients who received levomilnacipran (40 to 120 mg/day) with a total treatment exposure of 941.7 patient-years. There were 367 patient exposed to levomilnacipran for 48 weeks or longer (Table 58).
[bookmark: _Ref272765193][bookmark: _Toc433200332][bookmark: _Toc290888905][bookmark: _Toc269112508]Table 58: Summary of overall exposure (Groups 1, 2 and 3), safety population
[image: ]
Group 1 = 5 short term studies. Group 2 = long term open-label extension study (LVM-MD-04). Group 3 = relapse prevention study (LVM-MD-05)
Comment: 	Table 58 states that in Group 2 there were 296 patients exposure for ≥ 48 weeks while in Groups 1, 2 and 3 there were 367 patients with this exposure duration. Given there were no other studies apart from LMV-MD-04 that had ≥ 48 weeks treatment duration (Study LVM-MD-05 was 38 weeks), the evaluator is unsure how the number exposed to ≥ 48 weeks from Groups 1,2 and 3 can be greater than the number exposed in Group 2. In addition, the exposure numbers provided in the sponsor’s Summary of Clinical Safety are different to those in the FDA clinical evaluation report. The sponsor has been asked to comment on these points. The numbers, as they are reported, meet the ICH E1 requirements for a safety data base.
The mean treatment duration in the short term studies (Group 1) was 50.3 days (range 3 to 77 days). In the flexible dose studies (LVM-MD-02 and -03), 46% received 120 mg, 34% 80 mg and 19% 40 mg as the final daily dose. In the long term study (Group 2), the mean treatment duration was 222 days and the mean daily dose was 83 mg with a final daily dose of 120 mg, 80 mg, 40 mg and 20 mg in 47%, 26%, 27% and 0.4%, respectively. In study LMV-MD-04 open-label period, the mean daily dose was 79 mg and 47% had a final daily dose of 120 mg.
[bookmark: _Toc471216332]Adverse events
[bookmark: _Ref272317284][bookmark: _Ref272333565][bookmark: _Toc272414664][bookmark: _Toc290846302][bookmark: _Toc433200259]All adverse events (irrespective of relationship to study treatment)
Group 1 studies
In the short term, placebo-controlled studies, the rate of TEAEs was higher with levomilnacipran than placebo (77.2% versus 61.4%). The TEAEs which occurred at a notably higher rate than placebo were nausea (17.1% versus 5.6%), constipation (8.5% versus 2.5%), tachycardia (grouped terms) (5.9% versus 1.7%), increased heart rate (5.7% versus 1.0%), palpitations (4.7% versus 1.3%), vomiting (4.8% versus 0.8%), dizziness (8.1% versus 4.8%), urinary hesitation (4.0% versus 0%), hyperhidrosis (8.5% versus 1.9%), increased BP (2.8% versus 1.2%), erectile dysfunction (5.7% versus 1.3%), ejaculation disorder (3.1% versus 0%) and testicular pain (3.1% versus 0.3%).
The rates of mild (26.4% versus 16.5%), moderate (26.7% versus 17.8%) and severe TEAEs (5.6% vs2.8%) were consistently greater with levomilnacipran than placebo.
In the fixed dose short term studies, the rate of TEAEs in the placebo, 40 mg, 80 mg and 120 mg groups was 59.4%, 71.9%, 80.9% and 76.7%, respectively. Erectile dysfunction had an evident dose response relationship: 2.2%, 5.5%, 8.3% and 9.5% in the placebo, 40 mg, 80 mg and 120 mg groups, respectively. Dose response was also seen with urinary hesitancy: 0%, 3.6%, 4.9% and 6.1% in the respective groups.
Comment: 	An overall dose-response relationship with TEAEs was not evident except for erectile dysfunction and urinary hesitancy.
Other studies
In the long-term, extension study (Group 2), the rate of TEAEs was 86% during the 48 weeks treatment period. The most frequent events were headache (22.2%), nausea (16.2%), URTI (13.2%) and hyperhidrosis (11.0%). The rate of TEAEs was highest in the first 8 weeks of treatment (73.9%) and then remained steady for the remaining trial period at 35-38.5%. The rate of mild, moderate and severe TEAEs was 25.7%, 47.7% and 13.0%, respectively.
TEAEs reported in the relapse prevention study (Group 3 both the open-label and double-blind periods) were of a similar profile to those reported in Groups 1 and 2. The rate of severe TEAEs during open-label treatment was 8% and during double-blind treatment was 6.4% and 9.8% in the levomilnacipran and placebo groups, respectively.
In Group 4 (clinical pharmacology and biopharmaceutic studies) the most frequent TEAEs were nausea, vomiting, headache, somnolence and dizziness. Other notable events included hyperhidrosis, urinary hesitation, dysuria and testicular pain.
Study LVM-PK-14 assessed the bioequivalence of the proposed to-be-marketed Elan site SR formulation with the clinical trial SR formulation (120 mg single dose crossover study) in 61 healthy subjects. In this study it was noted that the to-be-marketed formulation had a higher rate of TEAEs than the clinical trial formulation (86.2% versus 67.8%) with higher rate of nausea (69.0% versus 62.7%), vomiting (44.8% versus 32.2%), dizziness (13.8% versus 8.5%), dysuria (6.7% versus 1.7%) and testicular pain (5.2% versus 0%).
Comment: 	The data on Cmax, AUC0-t and AUC0-∞ from this study (LVM-PK-14) indicated that the formulations were bioequivalent, however the Elan formulation had a statistically significant shorter Tmax and a slightly longer T½. The number of subjects in the study is small and this may account for some variability in the AE rates. Nonetheless, the sponsor has been asked to discuss this finding of possible poorer tolerability and PK differences with the Elan to-be-marketed formulation.
In Study LVM -MD-06 in patients with fatigue associated with MDD, the rate of TEAEs was 81.2% with levomilnacipran compared to 73.0% in the placebo group and 71.4% in the SSRI group. Nausea was more common with levomilnacipran (40-120 mg/d) than placebo or SSRI (16.5% versus 4.5% and 7.8%), as was increased heart rate (7.1% versus 3.4% and 0%) and dizziness (7.1% versus 2.2% and 1.3).
[bookmark: _Ref272333567][bookmark: _Toc272414665][bookmark: _Toc290846303][bookmark: _Toc433200260]Treatment-related adverse events (adverse drug reactions)
[bookmark: _Toc433200261]Group 1 studies
In the short term, placebo-controlled studies, the rate of treatment-related TEAEs was higher with levomilnacipran (63.7% versus 40.8%). The most frequent treatment-related TEAEs were headache (12.6% versus 8.4%), hyperhidrosis (7.7% versus 1.9%), dizziness (6.8% versus 4.1%) erectile dysfunction (5.2% versus 1.3%) and increased heart rate (5.2% versus 0.8%).
[bookmark: _Toc433200262]Other studies
In the long-term, extension study (Group 2), the rate of treatment-related TEAEs was 67.8%. The most frequent events were headache (14.1%), nausea (12.1%), hyperhidrosis (10.5%), tachycardia (7.6%) and constipation (7.4%).
In the relapse prevention study (Group 3), the rate of treatment-related TEAEs in the open-label period was 75.3% and during the double-blind period was not notably greater than placebo (27.9% versus 25.0%).
[bookmark: _Toc241374320][bookmark: _Ref272333507][bookmark: _Toc272414666][bookmark: _Toc290846304][bookmark: _Toc433200263][bookmark: _Toc471216333]Deaths and other serious adverse events
[bookmark: _Toc433200264]Deaths
There were 2 deaths in the clinical development program. The first occurred during screening (pre-randomisation) for Study LVM -PK-10 and was due to drowning. The second occurred in a 54 year old female who had participated in LVM-MD-02 where she received placebo. She entered Study LVM -MD-04 and was diagnosed with gastric adenocarcinoma stage IV on day 223 (224 days of treatment with levomilnacipran). She was discontinued and died 42 days later.
[bookmark: _Toc433200265]Serious Adverse Events
There were 25 patients with SAEs in Group 1. The proportion of patients with any SAE was lower in the levomilnacipran than placebo group (0.7% versus 1.3%). No SAE occurred at a frequency of over 1 in the levomilnacipran group. The comparative SAE rates were 5.0 versus 9.2 per 100 patient-years exposure. During the double-blind period of the short term trials, there were 11 patients treated with levomilnacipran with 16 SAEs for which 2 temporarily stopped medication and 6 discontinued the study. SAEs deemed treatment-related in the levomilnacipran group included aggression/violent outburst, suicidal ideation, prostatitis, seminal vesiculitis and non-cardiac chest pain. There was also one post study case of a premature and small-for-dates baby which was considered treatment-related.
During the down taper period there were 4 patients in the levomilnacipran and one in the placebo group with an SAE. The SAEs in the levomilnacipran group were suicide attempt, hypertension, and non-cardiac chest pain and suicide ideation. The SAEs of non-cardiac chest pain and hypertension were reported as treatment-related. There was also a post study case of treatment-related preeclampsia in a patient previously treated with levomilnacipran 
In the 48 week long-term, open-label study (Group 2), the SAE rate was 4.4% (36 patients with 52 SAEs) (7.2 per 100 patient-years). The SAEs that were reported more than once were chest pain (0.4%), ventricular extrasystoles, appendicitis, hypertension, overdose, depression, suicidal ideation and suicide attempt (all 0.2%). Treatment-related SAEs were mania, chest pain, hypertension (2 patients), angina pectoris/increased heart rate (one patient), pulmonary mass, convulsion/encephalopathy (one patient) and supraventricular extrasystoles/ventricular extrasystoles/tachycardia (one patient). There were 13 patients (1.6%) with an SAE that led to discontinuation.
In Group 3, the rate of SAEs during the open-label period was 0.8% and the rate during double-blind treatment was lower with levomilnacipran than placebo (0.9% versus 3.6%). No specific SAE was reported more than once. Treatment related SAEs were hypertension and chest pain.
In Group 4, there were two subjects with SAEs. One was appendicitis, the other was treatment-related atrial fibrillation on day 11 in a 39 year old male subject (Study LVM -KD-09) treated with 120 mg levomilnacipran which led to discontinuation. In Study LVM -MD-06 (fatigue with MDD) there was only one SAE (pneumonia) in a 49 year old female treated with levomilnacipran.
[bookmark: _Toc241374325][bookmark: _Ref272333477][bookmark: _Toc272414667][bookmark: _Toc290846305][bookmark: _Toc433200266][bookmark: _Toc471216334]Discontinuation due to adverse events
[bookmark: _Toc433200267]Group 1 studies
In the short term studies, the premature discontinuation rate from any cause was 25.4% versus 19.8% in the levomilnacipran and placebo groups, respectively. The rate of TEAEs that led to discontinuation was higher with levomilnacipran (8.8% versus 3.2%) and the rate per 100 patient years was 63.7 versus 21.7. The most frequent events were nausea (1.5% versus 0.4%), vomiting (0.8% versus 0%), dizziness (0.4% versus 0.1%), headache (0.4% versus 0.1%), rash or urticaria (0.8% versus 0%), urinary disorders of hesitation, retention or dysuria (1.1% versus 0%), tachycardia (0.4% versus 0.1%) and palpitations (0.3% versus 0%). Additional TEAEs leading to discontinuation in males were testicular pain (0.9% versus 0%) and erectile dysfunction (0.7% versus 0%).
[bookmark: _Toc433200268]Other studies
In the long-term, open-label study (Group 2), the discontinuation rate from any cause was 53.5% with discontinuation due to an AE occurring in 13.0% (21.3 per 100 patient years). The most frequent TEAEs leading to study discontinuation were nausea (1.2%), tachycardia (0.8%), hyperhidrosis (1.0%), hypertension (0.7%) and headache (0.6%).
In Group 3 (relapse prevention study), the discontinuation rate during the open-label period was 32.7% with 10.9% due to AEs. In the double-blind period the discontinuation rate was 24.0% versus 17.9% and due to AEs was 3.4% versus 2.7% in the levomilnacipran and placebo groups, respectively. The profile of TEAEs leading to discontinuation during open-label treatment was similar to that reported above. During double-blind treatment, the TEAEs leading to discontinuation were headache, dizziness, palpitations, hyperhidrosis, epididymitis, lethargy and neutropaenia.
In Group 4 (phase I studies) there were 24 subjects on levomilnacipran with AEs leading to discontinuation. Events included: 2 tachycardia, 2 testicular pain, headache, dysuria, ventricular extrasystoles, supraventricular arrhythmia, chest pain, 2 non cardiac chest pain, hypotension, 2 drug eruption, 3 T wave inversion, atrial fibrillation/palpitations/chest pain, urinary tract obstruction, dysuria/testicular pain/bilateral flank pain, bladder discomfort/cystitis, 2 headache/nausea and nausea/vomiting.
In Study LVM -MD-06, the rate of TEAEs leading to discontinuation was 3.5% in the levomilnacipran group compared to 5.6% in the placebo and 2.6% in the SSRI group. The TEAEs in the levomilnacipran group were urinary hesitation, testicular pain and hypertension.
[bookmark: _Toc241374321][bookmark: _Ref271044780][bookmark: _Ref271196640][bookmark: _Ref272333085][bookmark: _Toc272414668][bookmark: _Toc290846306][bookmark: _Toc433200269][bookmark: _Toc471216335]Laboratory tests
[bookmark: _Toc272414669][bookmark: _Toc290846307][bookmark: _Toc433200270]Liver function
In Group 1A, compared to placebo-treated, the levomilnacipran-treated patients had small mean increases in ALT, AST, ALP and GGT over the 8 weeks of treatment. In the fixed dose studies this increase did not appear to be dose dependent. The proportion of patients with clinically significant increase in ALT and/or AST of ≥3x ULN was higher with levomilnacipran (0.7% versus 0.1%). There was one case of raised LFTs and rhabdomyolysis. In general the LFTs were seen to reduce despite ongoing treatment.
In Group 2, a small (2.1-2.3 U/L) increase in AST, ALT and ALP was also noted. There were 5/748 (0.7%) patients with ALT or AST ≥3x ULN. Two of these patients had TEAEs reported, all continued treatment.
In Group 3, the rate of increases ALT and AST ≥3x ULN was 0.3% and 0.4%, respectively. There were no patients with this increase in the double-blind phase. There were 2 cases with an increase >10x ULN; one had an increase in AST only and neither had increases in bilirubin. Both patients had reduction of levels while continuing on treatment.
The rate of TEAEs associated with LFT abnormalities in all short term studies (Group 1) was 1.1% versus 0.5% (levomilnacipran versus placebo) and in the long term study (Group 2) was 1.1%). In Group 3, there were 5 TEAEs related to liver enzyme increase in levomilnacipran-treated patients, none of which were >3x ULN.
There were two premature discontinuations due to LFT abnormalities in Group 1 (LFTs abnormal and hepatic enzymes increased) and two in Group 2 (AST increased and ALT/AST increased, in both the increase was less than 3x ULN). There were no cases meeting Hy’s Law criteria for drug-induced liver injury in the development program.
[bookmark: _Toc272414670][bookmark: _Toc290846308][bookmark: _Toc433200271]Kidney function
In the Group 1 population, there were no significant changes from baseline, or proportion with potentially clinically significant levels, in creatinine or blood urea nitrogen. In Group 2, the rate of creatinine >1.3x ULN was 0.1% and BUN >1.2x ULN was 1.6%. There was one patient with increased creatinine and BUN who had an associated TEAE (increased blood creatinine). Levels resolved with ongoing treatment. A second patient with clinically significant raised BUN had a TEAE of renal cyst. There were no relevant changes in Group 3.
[bookmark: _Toc272414671][bookmark: _Toc290846309][bookmark: _Toc433200272]Other clinical chemistry
In Group 1A, there was no relevant shift in total cholesterol or fasting glucose level compared to placebo. In Group 2, there was little change in mean cholesterol or glucose over the treatment year. There was one discontinuation (day 190) due to increase glucose. This patient received placebo in the lead-in study. In the double-blind period of Group 3, there was a higher rate of cholesterol >1.3x ULN with levomilnacipran than placebo (7.8% versus 3.9%).
In Group 1A, there were no remarkable changes post-baseline in mean electrolyte or calcium levels. The rate of potassium >1.1x ULN was higher with levomilnacipran (1.2% versus 0.7%). There were two TEAEs of increased potassium. There were no potentially clinically significant changes in sodium levels. Changes in study F02695 LP 2 02 and in Group 3 were unremarkable. In the long term study (Group 2), the rate of potassium >1.1x ULN was 2%. Increases were found to be transient. In this study there was one SAE of hypokalaemia (also with dizziness and hypoesthesia) in a 47 year old female patient who was taking hydrochlorothiazide and lisinopril for hypertension. There was one patient with clinically significant low serum sodium (121 mmol/L) together with low chloride and normal potassium at Week 36. The patient completed the study. There were no TEAEs of hyponatraemia.
[bookmark: _Toc272414672][bookmark: _Toc290846310][bookmark: _Toc433200273]Haematology
There were no clinically relevant changes in mean haematology parameters or in rates of potentially clinically significant levels in Group 1A. The rate of low haemoglobin (<0.9x LLN) was 2.4% in Group 2 and in Group 3 (double-blind period) was 3.1% and 1.9% in the levomilnacipran and placebo groups, respectively. There was one TEAE of worsening anaemia in a patient with a history of anaemia. In Group 2, there was one patient with SAE of CMV mononucleosis who had a high WBC and lymphocyte counts.
[bookmark: _Toc272414673][bookmark: _Toc290846311][bookmark: _Toc433200274]Urinalysis
In Group 1, there was no difference between levomilnacipran and placebo groups in the rate of potentially clinically significant urinalysis parameters. There were 3 patients with TEAEs of urinary glucose in Group 2, two of whom had increased blood glucose TEAEs.
[bookmark: _Toc272414676][bookmark: _Toc290846314][bookmark: _Toc433200275]Vital signs
Heart rate
Across the studies there was a consistent increase in heart rate associated with levomilnacipran treatment. In Group 1, the mean change from baseline to study endpoint in heart rate was 7.4 bpm in the levomilnacipran groups compared to -0.3 bpm in the placebo groups. In Group 2, the mean change was 9.1 bpm and increases in Group 3 (open-label and double-blind periods) were in the order of 7 bpm (Table 59).
Table 59: Change from baseline to end of treatment in blood pressure and heart rate (Groups 1, 2 and 3) Safety population
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The rate of potentially clinically significant (PCS) increase in HR[footnoteRef:18] in the levomilnacipran groups ranged from 0.4 to 0.9% (Table 60). [18:  PCS criteria: Heart rate high = ≥120 and increase ≥15 and heart rate low = ≤50 and decrease ≥15 beats per minute.] 

Table 60: Overall summary of number (%) of patients with potentially clinically significant blood pressure and heart rate values (Groups 1, 2 and 3) Safety population
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The sponsor submitted a Cardiovascular Analyses Report with the Integrated Summary of Safety. In these analyses, increase in HR showed a relationship with increasing dose: 9.1 versus 7.2 bpm in the 120 mg versus 40 mg or 80 mg dose groups, respectively.
In Group 1, TEAEs of tachycardia (4.9% versus 1.4%) or increased heart rate (5.7% versus 0.9%) were relatively frequent and occurred at a rate notably greater than in the placebo group. Discontinuations due to these events was however less common (0.6% versus 0.1%). In Group 2, there was one SAE of tachycardia (together with supraventricular extrasystoles and ventricular extrasystoles) and another SAE of increased heart rate (together with angina pectoris). Both patients were prematurely discontinued. The rate of TEAEs of tachycardia or increased heart rate in Group 2 was 14.6%. Tachycardia leading to discontinuation occurred in 0.8% (Table 61).
Table 61: Treatment emergent adverse events, SAEs and AE discontinuations associated with vital signs (Group 2) Safety population
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Blood pressure
There was also a consistent increase in systolic BP (3.0 to 4.3 mmHg) and diastolic BP (3.1 to 3.6 mmHg) across the studies in Groups 1, 2 and 3 (Table 57). Despite this, the rate of potentially clinically significant increase in BP[footnoteRef:19] in Group 1 was 0.2% versus 0% for SBP and 0.4% versus 0.3% for DBP in the levomilnacipran and placebo groups, respectively (Table 60). In the Cardiovascular Analyses Report, the mean increase in BP did not appear dose related (Table 62). Sustained hypertension[footnoteRef:20] in Group 1 occurred in 1.8% versus 1.2% patients in the levomilnacipran and placebo groups, respectively. The rate in the long term extension study (Group 2) was 0.8%. [19:  PCS criteria are: SBP high = ≥180 and increase ≥20; SBP low = ≤90 and decrease ≥20; DBP high = ≥105 and increase ≥15; DBP low = 105 and increase ≥15; DBP low is ≤50 and decrease ≥15 (mmHg).]  [20:  Sustained hypertension was defined as SBP ≥140 mm Hg AND increase ≥15 mm Hg OR DBP ≥90 mm Hg AND increase ≥10 mm Hg for at least 3 visits.] 

Table 62: Change from baseline to end of double blind treatment in systolic and diastolic blood pressures in fixed dose studies Safety populations
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In Group 2, there were 2 SAEs of hypertension. The first also had non-serious increased heart rate and completed the study, the second patient was discontinued. The rate of TEAEs of hypertension was 6.3% and increased BP was 5.3% (Table 61).
The rate of orthostatic hypotension[footnoteRef:21] (any single event) in Group 1A was 11.6% versus 9.7% in the levomilnacipran and placebo groups, respectively, and this increased in the longer term study (Group 2) to 21.1%. There was no evident dose response for orthostatic hypertension with rates of 9.8-11.9% across the three dose groups in the fixed dose studies. TEAEs related to orthostatic hypertension occurred more than with placebo, however were relatively infrequent. In Group 2, TEAEs associated with orthostatic hypotension were: postural orthostatic tachycardia syndrome (2.3%), orthostatic hypotension (2.5%), postural dizziness (1.1%), presyncope (0.1%), and syncope (0.1%). The presyncope case was an SAE. [21: Orthostatic hypotension was defined as a reduction in SBP of ≥20 mm Hg or reduction in DBP of ≥10 mm Hg while changing from the supine to standing position.] 

Comment:	These findings on HR and BP are consistent with the mechanism of action of levomilnacipran.
Body weight
In Group 1, there was a small decrease in mean body weight in the levomilnacipran group compared to no change in the placebo group (-0.59 versus 0.02 kg). The rate of potentially clinical significant decrease (≥7%) in body weight was 1.6% versus 1.0%, respectively. An increase in body weight (≥7%) was similar between groups (0.6% versus 0.9%). In Group 2, 10.0% had an increase of body weight of ≥7% and 16.9% had a decrease of ≥7%. In Group 3, in patients treated with levomilnacipran, there was also a small decrease in body weight of -0.49 and -0.54 kg during the open-label and double-blind periods.
[bookmark: _Toc272414675][bookmark: _Toc290846313][bookmark: _Toc433200276]Electrocardiograph
[bookmark: _Toc433200277]Group 1 studies
In Group 1A, the increased heart rate was notable compared to placebo (12.5 versus 1.6 bpm). With this there was a decrease in PR, QT and QRS intervals. In Group 1A, there was an increase in QTcB with levomilnacipran (9.5 versus 0.1 ms) (Table 63) which was dose dependent: 0.5, 7.7, 8.0 and 10.5 ms for the placebo, 40 mg, 80 mg and 120 mg doses, respectively). There was no notable change in QTcF compared to placebo. The findings were similar in study F02695 LP 2 02.
Table 63: Change from baseline to end of treatment in selected electrocardiographic parameters (Groups 1A, 2 and 3) Safety populations
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In Group 1A, there was one (0.1%) patient with QTcB >500 ms (Table 64). This patient had a TEAE of increase heart rate and QTcB of 513 (from a baseline of 485 ms). The patient completed the study and the TEAE of prolonged QTcB resolved on the day it was detected. In Group 1, the rate of ECG QT prolonged TEAEs was marginally higher with levomilnacipran (0.4% versus 0.2%).
Table 64: Summary of post baseline clinically significant electrocardiogram values (Groups 1 A, 2 and 3) Safety population
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[bookmark: _Toc433200278]Other studies
In Group 2, there was an increase of 13 bpm in mean heart rate, a concomitant decrease in PR, QRS and QT intervals, with an increase of 11.2 ms in QTcB and minimal change in QTcF (-1.1 ms). There was one patient with QTcB increase of >500 ms and none with QTcF >500 ms (Table 64). This resolved and no TEAE was reported. An increase in QTcB of 30 to <60 ms was frequent (37.3%), QTcB ≥60 ms was found in 4.5% of patients while only 2 patients (0.2%) had QTcF increase of ≥60 ms.
In Group 2, there were 2 SAEs: one supraventricular extrasystoles, ventricular extrasystoles and tachycardia which led to discontinuation; and one of ventricular extrasystoles where treatment was continued. There were two other premature discontinuations due to ECG findings: T wave inversion and right bundle branch block.
Group 3 findings were consistent with other studies. There was an increase in heart rate (12.3 versus 3.6 bpm), an increase in mean QTcB (10.5 versus 5.1 ms) and little change in mean QTcF (levomilnacipran versus placebo). There were no cases of QTcB or QTcF >500 ms (Table 64).
Data from the Thorough QT study (LVM-PK-07) are discussed in Section Secondary pharmacodynamic effects.
Comment:	A modest QTc prolongation (highest upper bound of the 2 sided 90% CI for the mean difference between levomilnacipran 120 mg and placebo was 10.8 ms) was noted on the primary analysis of the thorough QT study which was not supported by further analyses.
	The sponsor stated in the Summary of Clinical Safety that levomilnacipran did not appear to have a clinically significant impact on the QTc at either the maximum therapeutic dose of 120 mg/day or the supratherapeutic dose of 300 mg/d.
	The FDA evaluation by the Interdisciplinary Review Team (IRT) for QT studies noted a modest increase in QTc (approximately 7 ms) which was not considered dose or concentration dependent.
	The ECG findings from the Phase III program showed an increase in QTcB but not on QTcF.
	In subjects with increased heart rates (as is the case with levomilnacipran), Fridericia’s correction is more accurate as Bazett’s correction is more affected by altered heart rate (ICH E14). The evaluator agrees with the sponsor that the increased heart rate is likely to have impacted on the QTcB interval increases noted.
Overall, the data do not point towards an appreciable effect on QTc interval and the effect on heart rate and blood pressure is of greater clinical relevance.
[bookmark: _Toc272414677][bookmark: _Toc290846315][bookmark: _Toc433200279]AEs of Special interest
The rate of any mydriasis related TEAE was 0.9% versus 0.2% in Group 1 (levomilnacipran versus placebo) and 1.2% in Group 2. In Group 3, the rate of blurred vision was 1.4% during open-label treatment. There were no reports of narrow angle glaucoma in the three safety populations.
There were no reported events of serotonin syndrome or neuroleptic malignant syndrome. There were no cases of seizures or convulsions in Groups 1 and 3 and one case of convulsion in Group 2 with associated encephalopathy.
The rate of mania/hypomania TEAEs was comparable between levomilnacipran and placebo groups in Group 1 (0.2% both) and low in Group 2 (0.6%). The rate of hostility or aggression TEAEs was 0.1% and 0.2% in the levomilnacipran and placebo groups, respectively in Group 1, and 0.4% in Group 2. There was one case in each treatment group in the Group 3 population.
In Group 1, the rate of TEAEs related to abnormal bleeding was similar between levomilnacipran and placebo groups 1.9% v 1.6%. There was a slightly higher rate of haematuria (0.6% versus 0.3%). This was on a background haematuria history rate of 0.5% versus 0.1%. The rate of haematuria in Group 2 was 0.2% and the overall abnormal bleeding TEAE rate was 3.8%. There were no SAEs of abnormal bleeding and there was one discontinuation due to menorrhagia.
There was a notably higher rate of obstructive uropathy related TEAEs with levomilnacipran (7.9% versus 0.9%; Table 65). Urinary hesitancy showed a dose relationship with rates of 0%, 3.6%, 4.9% and 6.1% in the placebo, 40 mg, 80 mg and 120 mg levomilnacipran groups, respectively (Group 1A). While the events were not serious, they did result in treatment discontinuation with a rate of 1.1% (vs 0% in the placebo group) in the total Group 1 population. The rate in the Group 2 population was 9.0% and the rate of discontinuation was 1.1%. Urinary hesitancy was reported in 4.9% of patients during open-label treatment in Group 3.
Table 65: Incidence of obstructive uropathy TEAEs (Group1 ) Safety population
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Discontinuation syndrome was assessed via analysis of newly emergent AEs (NEAEs) during the tapering down period and via SMQs. The overall rate of NEAEs in Group 1 was 7.6% versus 8.7%, in Group 2 was 9.1% and in Group 3 (double-blind period) was 5.2% versus 6.3%. The most frequent NEAE was headache - 1.4% versus 1.3% in Group 1 and 1.5% in Group 2.
There were no suicides during the clinical development program. Suicidality was assessed via the C-SSRS and SMQs. The rate of suicidality TEAEs was similar to placebo in Group 1 (0.5% versus 0.7%). In Group 2, the rate was 1.1%. From the investigators’ assessment of the C-SSRS responses (Group 1A) there was little difference between the levomilnacipran and placebo groups in suicidal ideation (24.1% versus 22.4%), while the rate of suicidal behaviour was slightly higher (0.4% versus 0.1%). The rates were similar in the long term Group 2 population. There was one case of suicidal behaviour (also an SAE) during the tapering down periods.
Sexual dysfunction predominantly in male patients was higher with levomilnacipran than placebo. The notable TEAEs (in Group 1 males) were erectile dysfunction (5.9% versus 1.3%), ejaculation disorder (4.7% versus 0.3%) and testicular pain (3.8% versus 0.3%). The findings were similar in the other safety populations.
There was one TEAE of rhabdomyolysis in a 27 year old male with onset one day after completing double-blind treatment (Study LVM -MD-01). LFTs were also elevated. The event resolved and the sponsor stated that physical stress or viral syndrome were possible causes.
There were three overdose TEAEs in Group 1 (1 suicide attempt and 2 accidental). In Group 2, there were two suicide attempts with overdoses of other products. In addition, in Study LVM -MD-04, one patient took 360 mg daily for 7 days (instead of 120 mg/d). The patient completed the study and no TEAE was reported.
Cardiovascular events were assessed in the Cardiovascular Analyses Report appended to the Integrated Summary of Safety. In the short term studies and the long term extension study there were no events of cardiac failure or myocardial infarction. Effects on blood pressure, heart rate and EGC have been discussed in Section 8.5.6 and 8.5.7. The higher incidence of TEAEs of tachycardia, increased heart rate, palpitations, increased blood pressure, hypertension, hot flush and orthostatic hypotension in patients treated with levomilnacipran has already been noted. There was one (0.1%) major adverse cardiac event (MACE[footnoteRef:22]) in the levomilnacipran group of the short term studies and none in Group 2. The event was a non-serious intracranial haemorrhage, the patient recovered and treatment was not ceased. [22:  MACE was defined as a composite of CV death, nonfatal myocardial infarction and nonfatal stroke.] 

[bookmark: _Toc241374326][bookmark: _Ref272333048][bookmark: _Toc272414679][bookmark: _Toc290846317][bookmark: _Toc433200280][bookmark: _Toc471216336]Post-marketing experience
There were five quarterly Periodic Adverse Drug Event reports in the dossier covering the period from 25 July 2013 (US authorisation date) to October 2014. The Summary of Clinical Safety included a review of these for the first year (to 23 July 2014). During this time the estimated exposure was 10,237 patient-years. There were 659 adverse drug reaction reports in 322 patients. Psychiatric disorders were most frequent (20%) with the most common being anxiety, insomnia, agitation and suicidal ideation (11 cases). There were 3 suicides, one after 2 days levomilnacipran treatment and data in the others were lacking.
Thirteen per cent of ADRs were gastrointestinal with nausea being the most frequent event. There were two casas of intestinal haemorrhage (data lacking on these cases). The most frequent neurological ADRs were dizziness and headache. There were two cases of serotonin syndrome, one of whom was also taking bupropion. There was one seizure reported 4 days after commencing levomilnacipran. Other events reported included fatigue and asthenia and drug ineffective.
There was one case of ‘drug withdrawal syndrome’ reported which was described as sadness and weeping after abrupt cessation of levomilnacipran 40 mg. Of the 12 cases of hypertension, 4 were serious. There were 17 cases of tachycardia/increased HR of which two were serious. There was one cardiac failure and three cases of atrial fibrillation. One patient with AF died. This 75 year old female had an artificial heart valve and history of AF. The cause of death was not confirmed.
There was one case of raised liver enzymes. Renal and urinary ADRs (5.5%) were most frequently urinary hesitation and urinary retention with one case being serious and requiring catheterisation.
In the period 25 July to 24 October 2014 there were 224 events reported of which 29 were serious. There were 4 new cases of serotonin syndrome. Overall, there were no new findings and the events were consistent with those from the prior reporting periods.
[bookmark: _Ref272333005][bookmark: _Toc272414680][bookmark: _Toc290846318][bookmark: _Toc433200281][bookmark: _Toc471216337]Safety issues with the potential for major regulatory impact
Safety issues relating to the SNRI class effects have been discussed in relevant prior sections. There were no additional major safety signals.
[bookmark: _Toc272414686][bookmark: _Ref273005527][bookmark: _Toc290846324][bookmark: _Toc433200282][bookmark: _Toc471216338]Other safety issues
[bookmark: _Toc241374322][bookmark: _Ref272331212][bookmark: _Toc272414687][bookmark: _Toc290846325][bookmark: _Toc433200283]Safety in special populations
Age
Comparisons of patients aged <55 years to those aged ≥55 years found no appreciable differences in TEAEs rates in Group 1, while in Group 2 the older population had increased rates of hypertension (10% versus 5%) and constipation (18% versus 7%).
Gender
In Group 1, the rate of TEAEs was similar between males and females (77.6% versus 76.9%), as were the most frequent events, apart from nausea which was more common in females (20.9% versus 10.6%). In Group 2, headache, hyperhidrosis and URTI were more common in females and urinary hesitancy was more common in males.
Race
TEAE rates in Whites and ‘all other races’ were comparable in Group 1 and in Group 2.
Pregnancy
There were 15 reported pregnancies in the clinical program with two SAEs (both in LVM-MD-01). In the first case, pregnancy was diagnosed at visit 5 and study treatment (80 mg levomilnacipran) ceased. Preeclampsia was diagnosed 150 days later. Labour was induced early and a healthy baby delivered. In the second case, pregnancy was noted during the tapering down period after treatment with 120 mg levomilnacipran. Study medication was ceased. After an uneventful pregnancy a premature and small-for-dates (2.6 kg) baby (SAE) was delivered. For the other 13 pregnancies: 4 were lost to follow up, 4 were live births with no complications, 3 were elective terminations, one was a false positive and one was withdrawn prior to randomisation.
[bookmark: _Toc241374324][bookmark: _Ref272331214][bookmark: _Toc272414688][bookmark: _Toc290846326][bookmark: _Toc433200284]Safety related to drug-drug interactions and other interactions
There is a drug interaction with strong inhibitors of CYP3A4 such as ketoconazole. Concomitant medications in Group 1, 2 and 3 and the most frequent were anti-inflammatories, analgesics and vitamins. No safety issues related to concomitant treatments were reported.
[bookmark: _Toc241374328][bookmark: _Toc272414691][bookmark: _Toc290846329][bookmark: _Toc433200285][bookmark: _Toc471216339]Evaluator’s overall conclusions on clinical safety
In the MDD studies there were 2673 patients exposed to levomilnacipran with 367 exposed for 48 week or longer (this number is to be confirmed by the sponsor). The total MDD patient exposure was 941.7 patient-years.
Group 1 studies included the 5 short term, placebo controlled studies (1583 levomilnacipran and 1040 placebo-treated patients), Group 2 included the single long term (48 weeks) safety study (825 patients), and Group 3 the single relapse prevention study (734 open-label and 233 levomilnacipran and 112 placebo-treated in the double-blind period). There were also 637 healthy subjects in the clinical pharmacology and biopharmaceutic studies.
The mean treatment duration in the short term studies was 50 days. In the long term study, the mean treatment duration was 222 days and the mean daily dose was 83 mg with a final daily dose of 120 mg, 80 mg, 40 mg and 20 mg in 47%, 26%, 27% and 0.4%, respectively.
There was one death in the clinical development program post-randomisation. A 54 year old female was diagnosed with stage IV gastric adenocarcinoma after 223 days of levomilnacipran treatment in the extension Study LVM -MD-04. She had received placebo in the feeder study. The other death (from drowning) occurred during screening.
The rate of SAEs was slightly lower with levomilnacipran than placebo in the short term studies (0.7% versus 1.3%) with a comparative rate of 5.0 versus 9.2 per 100 patient-years exposure. The SAE rate in the 48 week study was 7.2 per 100 patient years. SAEs deemed treatment-related included aggression/violent outburst, suicidal ideation, prostatitis, seminal vesiculitis and non-cardiac chest pain, plus one post-study case of a premature and small-for-dates baby. There was one case of a seizure with encephalopathy classed as not treatment-related.
The rate of TEAEs that led to discontinuation was higher with levomilnacipran than placebo (8.8% versus 3.2%) in short term studies and in the long term study the rate was 13%. The most frequent events were nausea, vomiting, dizziness, headache, hyperhidrosis, rash or urticaria, urinary disorders (hesitation, retention, and dysuria), tachycardia, palpitations, hypertension, testicular pain and erectile dysfunction.
The adverse event profile was consistent with other SNRIs. TEAEs which occurred at a notably higher rate than placebo were nausea, constipation, tachycardia, increased heart rate, palpitations, vomiting, dizziness, urinary hesitation, hyperhidrosis, increased BP, erectile dysfunction, ejaculation disorder and testicular pain.
No increased risk was found of the class effects of serotonin syndrome, mania/hypomania, hostility or aggression, discontinuation syndrome, suicidality (also assessed using the C-SSRS) or abnormal bleeding. There was one case of rhabdomyolysis with elevated LFTs for which other causes were postulated but not confirmed.
Dose response on AE rates was not evident, apart from with erectile dysfunction and urinary hesitancy.
TEAEs were generally mild to moderate. Severe TEAEs occurred in 6% of short term and 13% of long term study patients treated with levomilnacipran.
Mild mean increases in liver enzymes were noted however there was no evident dose response and levels generally reduced despite ongoing treatment. Clinically significant increases in ALT and/or AST of ≥3x ULN occurred in <1% of subjects. Discontinuation due to LFT abnormalities was infrequent (2 in Group 1) and there were no cases meeting Hy’s law criteria for potential drug-induced liver injury. There were no other remarkable findings on laboratory analyses.
Levomilnacipran was seen to increase the mean heart rate (7 bpm in Group 1 and 9 bpm in Group 2). The rate of potentially clinically significant increase in HR in the levomilnacipran groups ranged from 0.4 to 0.9%. This resulted in a moderately high rate of TEAEs of tachycardia or increased heart rate although discontinuation from this cause was less common (0.6% in group 1). There were two SAEs relating to increased heart rate in the long term study. In the fixed dose studies, increased heart rate was greater with 120 mg than with 40 to 80 mg.
Over the short term treatment period, there were also increases in mean SBP (3.0 mmHg) and mean DBP (3.2 mmHg). This increase did not appear dose related. The increase with longer term treatment was similar (3-4 mm Hg). Sustained hypertension in Group 1 occurred in 1.8% versus 1.2% patients in the levomilnacipran and placebo groups, respectively and was 0.8% in Group 2. The rate of orthostatic hypotension was only marginally higher than placebo (11.6% versus 9.7%) and no dose response was evident.
While there was a small decrease in mean body weight in the short term studies and the rate of potentially clinically significant weight decrease was not markedly different (1.6% versus 1.0%).
While the upper bound of the 90% CI for the primary QTc endpoint in the thorough QT trial for levomilnacipran 120 mg and 300 mg was slightly greater than the 10 ms threshold, this was not confirmed on secondary endpoints. The ECG findings from the phase III program showed an increase in QTcB but not on QTcF. The effect on QTcB is likely due to the increased heart rate associated with levomilnacipran and in such cases QTcF is the more reliable correction. Overall, the data from the phase III program do not point towards an appreciable effect on QTc interval and the effect on heart rate and blood pressure is believed to be of greater clinical relevance.
Subgroup analysis found increased constipation and hypertension in those aged 55 years and over. Nausea was more frequent in females.
There were 15 pregnancies during the clinical development program with two SAEs – preeclampsia and premature/small-for-dates baby.
Treatment with levomilnacipran was tapered down prior to ceasing. During this period there was no evidence of a discontinuation syndrome as assessed by comparing rates of newly emergent AEs between the levomilnacipran and placebo groups. Due to the importance of withdrawal effects and rebound depression, the sponsor has been asked to provide further information on this safety issue.
Post-marketing data for the period from July 2013 to October 2014 with an estimated 10,000 patient-years exposure was presented. The most frequent events reported were psychiatric disorders (anxiety, insomnia, agitation and suicidal ideation) followed by gastrointestinal disorders (nausea) and neurological (dizziness and headache). No new safety signals were identified during this period.
Long term safety was consistent with data from the short term studies. However, drawing definitive conclusions is difficult due to the lack of a comparison group.
There is an increased exposure with moderate to severe renal impairment which will impact on dosing recommendations. There is also a requirement for a lower dose when co-administration with strong CYP3A4 inhibitors (such as ketoconazole).
Safety has not been established in patients with other psychiatric conditions, clinically significant or unstable cardiovascular disease, pregnancy or breastfeeding due to clinical trial exclusions.
The rate of adverse events with the Elan site to-be-marketed formulation was higher than the clinical trial formulation and this signal needs further clarification.
[bookmark: _Toc471216340]First round benefit-risk assessment
[bookmark: _Toc236802592][bookmark: _Toc241374331][bookmark: _Ref272160836][bookmark: _Toc272414693][bookmark: _Toc290846331][bookmark: _Toc433200287][bookmark: _Toc471216341]First round assessment of benefits
The benefits of levomilnacipran SR in the proposed usage are:
Efficacy over placebo for short term treatment of major depressive disorder as measured by the MADRS total score (3 pivotal and one supportive study). Efficacy over placebo was also found on functional impairment as measured by the secondary endpoint of SDS total score.
Safety was in line with that of other SNRIs and no new safety signals were evident.
[bookmark: _Toc236802596][bookmark: _Toc241374334][bookmark: _Ref272160964][bookmark: _Toc272414694][bookmark: _Toc290846332][bookmark: _Toc433200288][bookmark: _Toc471216342]First round assessment of risks
The risks of levomilnacipran SR in the proposed usage are:
Common adverse events of nausea, constipation, hyperhidrosis, vomiting, increased heart rate, tachycardia, palpitations and erectile dysfunction.
Treatment discontinuation due to adverse events (approximately 9-13% compared to 3% with placebo).
Cardiovascular effects of hypertension and increased heart rate. Data on the use of levomilnacipran in patients with significant cardiovascular disease are lacking.
Urinary retention and hesitation.
Sexual dysfunction adverse events particularly in males.
Mild increases in liver enzymes although there was no evidence of drug-induced liver injury.
Other SNRI class-related effects: suicidal thoughts and behaviour, serotonin syndrome, abnormal bleeding, mania, discontinuation syndrome, mydriasis and risk of narrow angle glaucoma.
Lack of efficacy data on long term maintenance and relapse prevention.
Drug-drug interactions with strong CYP3A4 inhibitors such as ketoconazole which will require lower levomilnacipran dosing.
Moderate to severe renal impairment needs a reduced dose.
Tapering down of dose required due to the risk of discontinuation syndrome.
Due to clinical trial exclusions there are no data on patients <18 years or >80 years, with suicide risk, or pregnant or lactating women.
[bookmark: _Toc236802597][bookmark: _Toc241374335][bookmark: _Toc272414695][bookmark: _Toc290846333][bookmark: _Toc433200289][bookmark: _Toc471216343]First round assessment of benefit-risk balance
Levomilnacipran extended release capsules (40 to 120 mg per day) demonstrated statistically significant short term efficacy (as measured by MADRS-CR) in adult outpatients with MDD in three of 4 placebo-controlled studies. Two of the positive studies were fixed dose (40, 80 and 120 mg) and one had flexible dosing (40-120 mg). One short term flexible dose study was negative. There was one additional phase II short term study which provided supportive efficacy data. The studies found a LS mean difference (levomilnacipran – placebo) in the change from baseline to week 8 in the MADRS total score of between -3 and -5. Overall, the results were robust, confirmed on sensitivity analyses and supported by secondary endpoints, in particular the SDS as a measure of functional impairment. Data were suggestive of greater response with the highest dose of 120 mg/d, however there were no formal inter-dose comparisons.
By contrast, separation from placebo on the clinically relevant endpoints of MADRS response (≥50% reduction) and remission (total score ≤10) rates was variable. Significantly higher rates were found with levomilnacipran compared to placebo in studies LVM-MD-10 and F02695 LP 2 02, while this positive effect was not seen in LVM-MD-02 and LVM-MD-03 nor with the lower two doses in LVM-MD-01. The sponsor stated this is due to the short trial duration and the higher MADRS entry criteria (MADRS ≥30) in studies LVM-MD-01, -02 and -03 compared to MADRS ≥26 in Study LVM -MD-10. The evaluator agrees that these are possible explanations for the lack of effect.
The only controlled, long term efficacy data comes from the relapse prevention study which was negative. Levomilnacipran and placebo failed to separate in the rate of relapse (14% versus 21%). These rates were lower than anticipated over the 24 month period (20% versus 38%). It is noted that the FDA have requested a repeat of the relapse prevention study with longer period of stabilisation prior to randomisation.
The Australian and New Zealand clinical practice guidelines for the treatment of depression state that treatment duration following a first episode of depression should be for 12 months and for recurrent episodes should be 3 years or more following discussion of the potential benefits and burden of treatment (RANZCP 2004). In addition, the Australian Therapeutic Guidelines on psychotropics state that for treatment of depression antidepressants should be continued for at least 6 months, and preferably up to 12 months. For treatment of recurrent depression longer term prophylactic treatment is recommended and this should probably be continued for at least 3 to 5 years (Therapeutic Guidelines Limited 2013).
Efficacy of levomilnacipran has been established for a treatment duration of 8 weeks, however there are no comparative, long term efficacy data. In light of EMA guidelines on depression which state that longer double-blind trials are necessary to demonstrate that the acute effect is maintained during an episode (EMA 2013), this is a major gap in the efficacy data submitted.
In addition, the development program did not include any active controls despite three arm trials which include placebo and active controls being recommended (EMA 2013). The sponsor has been asked to comment on this.
The dosage in the clinical efficacy and safety studies commenced at 20 mg and was titrated up to 40 mg within days. The recommended dosage range is 40 to 120 mg. In the fixed dose studies, efficacy was seen with the lowest dose of 40 mg, however the minimum effective dose was not characterised. It is acknowledged that the population PK–exposure response showed a trend for increased clinical response with increased exposure without an increase in adverse events or changes in vital signs. Nonetheless, the sponsor has been asked to comment on the minimum effective dose and discuss whether there should be further clinical assessment of the 20 and 40 mg doses.
The safety of levomilnacipran was assessed in approximately 2600 patients with MDD of who around 300 received treatment for up to 48 weeks. There are notable safety risks with levomilnacipran, however the data were consistent with the class effects of SNRIs and no new safety signals were evident. The numerous risks associated with the product have been adequately covered in the draft product information. One issue is the higher rate of TEAEs in the bioequivalence study comparing the Elan site to-be-marketed formation with the clinical trial formulation. This finding needs further elucidation and a question has been raised.
The positive efficacy data, together with a safety profile which is similar to currently approved drugs in the same class, suggest that levomilnacipran has a positive benefit-risk balance for short term treatment of depression. In spite of this, the evaluator finds that at present the overall benefit-risk balance of levomilnacipran is unfavourable due to the following issues:
The lack of long term, controlled data on efficacy in relapse prevention given treatment of depression is recommended for at least 6 to 12 months duration.
The need for further elucidation of the minimum effective dose.
The need for further information on the possible increased rate of adverse events with the Elan site to-be-marketed formulation compared to the clinical trial formulation.
Comments on the draft Product Information and Consumer Medicines Information need to be addressed.
[bookmark: _Toc471216344]First round recommendation regarding authorisation
It is currently not recommended to authorise levomilnacipran SR 40-120 mg in the treatment of major depressive disorder until the questions raised in Section 12.2, and comments on the draft Product Information and Consumer Medicines Information in Section 12.2.5, have been satisfactorily addressed.
[bookmark: _Toc471216345]Clinical questions
[bookmark: _Toc433200298][bookmark: _Toc290846342][bookmark: _Toc272414702]Pharmacokinetics
Question 1
Why was 90% CI acceptance range of 70% to 143% used in Study LVM-PK-04 rather than the more typical 80-125% range as specified in Guideline on the investigation of bioequivalence (CPMP/EWP/QWP/1401/98 Rev. 1/ Corr)?
[bookmark: _Toc433200299][bookmark: _Toc290846343][bookmark: _Toc272414703]Pharmacodynamics
[bookmark: _Toc290846344][bookmark: _Toc272414704]Question 1
Given the sponsor’s justification for the aberrant results of the primary endpoint analysis in Study LVM-PK-O7 (please see section Secondary pharmacodynamic effects of this report for more information), why were the Day -1 exercise data for heart-rate correction chosen for the primary endpoint analysis at the study’s outset?
[bookmark: _Toc433200300]Efficacy
Question 1
The Phase II study F02695 LP 2 02 assessed flexible dosing 75-100 mg/day and the Phase III program assessed doses lower and higher than this from 40 to 120 mg/day. It is not clear from the dossier how the decision was made to select this dose range for the Phase III program. Please discuss.
Question 2
The dossier does not contain clinical efficacy studies which assessed the minimum effective dose of levomilnacipran. There were also no inter-dose comparisons in the fixed dose short term studies. In the flexible dose studies, the majority of the active treatment group were titrated to the highest possible dose. The design would result in subjects with no or little response to active treatment being escalated to the highest dose. Nonetheless, there was a lack of clear evidence of a dose response with levomilnacipran. Please discuss these points and comment on whether there are any plans to assess the efficacy and safety of a lower dose such as 20 mg per day.
Question 3
In Study P02695 LP 2 02, there was GCP non-compliance noted at one site in South Africa with a resultant exclusion of data from this site in the analysis. Please discuss if there were any other issues with GCP compliance in the clinical development program.
Question 4
Study LVM-MD-05 failed to show a significant effect on relapse prevention. It was noted that the relapse rates were lower than the estimated ones used in the sample size calculations. It is also noted that the US FDA clinical evaluation stated the study may have been hampered by an insufficient time of clinical stability (2 weeks) prior to the randomised withdrawal phase. Consequently, there has been a request by the FDA to repeat this study with altered design. Please discuss any insights on the reasons for the failure of this study, the planned future studies in relapse prevention and rationale for design changes.
Question 5
The development program did not include any active controls in the efficacy studies despite three arm trials which include placebo and active controls being recommended in European guidelines on the clinical investigation of medical products in the treatment of depression (EMA 2013). Please comment on the rationale for omitting active controls.
Question 6
Efficacy analyses in subgroups did not include an assessment of response by previous antidepressant use despite the fact that at least 40% of study participants had not previously been treated with an antidepressant. Please discuss the efficacy in treatment naïve patients compared to those who had previously received antidepressants.
Question 7
Please outline the plans for paediatric development.
[bookmark: _Toc433200301][bookmark: _Toc290846345][bookmark: _Toc272414705]Safety
Question 1
In the sponsor’s Summary of Clinical Safety it states that in Group 2 (Study LVM-MD-04) there were 296 patients exposed for ≥ 48 weeks while in Groups 1, 2 and 3 there were 367 patients. Given there were no other studies apart from LMV-MD-04 that had ≥ 48 weeks treatment duration, the evaluator is unsure how the number exposed for ≥ 48 weeks from Groups 1, 2 and 3 can be greater than the number exposed in Group 2. In addition, the exposure numbers provided in the sponsor’s Summary of Clinical Safety are different to those in the FDA clinical evaluation report. Please comment on these points and discuss how the exposure to levomilnacipran was calculated.
Question 2
Study LVM-PK-14 assessed the bioequivalence of the proposed to-be-marketed SR formulation (Elan site formulation) with the clinical SR formulation (120 mg single dose crossover study). In this study it was noted that the to-be-marketed formulation had a higher rate of TEAEs than the clinical trial formulation (86.2% versus 67.8%) with higher rates of vomiting, dizziness, dysuria and testicular pain. While bioequivalence was demonstrated on Cmax and AUC, there was a significantly shorter median Tmax and also a longer t½ with the Elan formulation. Please discuss these findings and whether there should be further clinical investigation of this particular formulation if its use is still proposed.
Question 3
During the tapering down period it was noted that there was no evidence of a discontinuation syndrome as assessed by comparing rates of newly emergent AEs between the levomilnacipran and placebo groups. Nonetheless, due to the known risks of withdrawal effects and rebound depression with this class of medications, could the sponsor please discuss further if there is any evidence of these important safety issues with levomilnacipran.
[bookmark: _Toc471216346]Second round evaluation of clinical data submitted in response to questions
[bookmark: _Toc433200305][bookmark: _Toc471216347]Clinical questions
The sponsor submitted a response to the Consolidated Section 31 Request for Information Clinical Questions dated 22nd September 2015. The questions, Sponsor’s responses and Evaluator’s comments have been summarised below.
[bookmark: _Toc433200306]Pharmacokinetics
Question 1
Why was 90% CI acceptance range of 70% to 143% used in Study LVM-PK-04 rather than the more typical 80-125% range as specified in Guideline on the investigation of bioequivalence (CPMP/EWP/QWP/1401/98 Rev. 1/ Corr)?
Sponsor’s response
The study objectives were to evaluate effects of age and gender on the pharmacokinetics of levomilnacipran using an open-label and parallel-group design in healthy human subjects. Because there was no prior knowledge on the variability of PK parameters in the subgroup subjects, the sample size selected was an arbitrary justification, that is,, 16 subjects aged 18-45 years versus 16 subjects aged >65 years; and 16 male subjects versus 16 female subjects. It is different from a bioequivalence study where the variability of PK parameters in a target population is known and a randomized and cross-over design is commonly implemented. The typical 80-125% range for bioequivalence study which requires statistically powered sample size, therefore, is not appropriate for this study. Rather, the range of 70-143% was used as predefined in the study protocol to support the number of subjects to be included.
Evaluator’s response
Given that ICH Guidance on studies in support of special populations: geriatrics (CPMP/ICH/379/95) states the following: ‘The initial PK study can be a pilot trial of limited size conducted under steady-state conditions to look for sizable differences between older and younger subjects or patients’; and the updated proposed PI (ver. D02-030215300915) on page 3 now specifically refers to the findings of Study LVM-PK-04 with the following statement: ‘In a multiple-dose clinical pharmacokinetic study, elderly subjects (> 65 years) had a slightly higher exposure (Cmax by 24% and AUC by 26%) of levomilnacipran than younger subjects (18-45 years)’ the evaluator is satisfied with the sponsor’s response.
[bookmark: _Toc433200307]Pharmacodynamics
Question 1
Given the sponsor’s justification for the aberrant results of the primary endpoint analysis in Study LVM-PK-O7 (please see section 5.2.2.2 of this report for more information), why were the Day -1 exercise data for heart-rate correction chosen for the primary endpoint analysis at the study’s outset?
Sponsor’s response
The rationale of collecting QT data with an elevated heart rate in this TQT study was because of the clinical observation that the treatment with levomilnacipran could result in an increase in heart rate that is believed due to its pharmacological mechanism of action. The study collected increased heart rate baseline QT data on Day -1 under exercise conditions, along with conventional baseline QT data on Day -2 under rest supine conditions. The primary endpoint was intended to use a similar heart rate at baseline for a better assessment of QT prolongation potential with the drug treatment. The study protocol was submitted to FDA for comment and approval prior to the study start in order to satisfy regulatory requirements for this assessment.
Evaluator’s response
The evaluator is satisfied with the sponsor’s response.
[bookmark: _Toc433200308]PI and CMI
The evaluator’s comments numbered 2 and 3, which relate to the proposed PI (version D01-030215) and are in reference to the sections concerning Renal Impairment and Population PKs have been adequately addressed by the sponsor in the revised PI version D02-030215300915.
[bookmark: _Toc433200309]Efficacy
Question 1
The phase II study F02695 LP 2 02 assessed flexible dosing 75-100 mg/day and the phase III program assessed doses lower and higher than this from 40 to 120 mg/d. It is not clear from the dossier how the decision was made to select this dose range for the phase III program. Please discuss.
Sponsor’s response
The sponsor stated that after having assessed 75-100 mg/day in phase II, the dose range was chosen to be lower and higher than this. In addition, the dose range of 40-120 mg/day of levomilnacipran was estimated to result in concentrations comparable to the approved milnacipran dose of 100-200 mg/d.
Evaluator’s response
The evaluator accepts the sponsor’s explanation.
Question 2
The dossier does not contain clinical efficacy studies which assessed the minimum effective dose of levomilnacipran. There were also no inter-dose comparisons in the fixed dose short term studies. In the flexible dose studies, the majority of the active treatment group were titrated to the highest possible dose. The design would result in subjects with no or little response to active treatment being escalated to the highest dose. Nonetheless, there was a lack of clear evidence of a dose response with levomilnacipran. Please discuss these points and comment on whether there are any plans to assess the efficacy and safety of a lower dose such as 20 mg per day.
Sponsor’s response
The sponsor stated that ‘patients with more severe disease would likely benefit more from the higher doses’. The data presented to support this from Study LVM -MD-01 were: the positive, dose-dependent, numerical improvement on the primary efficacy parameter; the higher responder rates with the 120 mg dose which was maintained, compared to a decline with the lower doses, in more severe patients; and the lack of effect on the SDS with the 40 mg dose. The sponsor acknowledged the lack of dose response in Study LVM -MD-10 (40 and 80 mg doses). The sponsor stated that the ‘observation from fixed dose studies of higher doses providing more efficacy than lower dose provides justification for titration up non-responders at lower dose to more effective higher dose in flexible dose studies.’
The sponsor also stated that there is no plan to assess whether 20 mg is the minimum effective dose as the 40 mg dose has efficacy at the lower range of a clinically meaningful affect based on MADRS (LSMD -3.30 and -3.23 versus placebo in LVM-MD-10 and LVM-MD-01) and SDS (LSMD -1.83 and -1.41 versus placebo in the respective studies).
Evaluator’s response
The evaluator accepts the rationale for the sponsor not assessing the 20 mg/day dose due to the level of efficacy demonstrated with the 40 mg dose. It is agreed that the data are suggestive of a better response with the 120 mg dose.
Question 3
In study P02695 LP 2 02, there was GCP non-compliance noted at one site in South Africa with a resultant exclusion of data from this site in the analysis. Please discuss if there were any other issues with GCP compliance in the clinical development program.
Sponsor’s response
The sponsor stated they are waiting for feedback from their compliance department. It was also stated that no issues were identified in the CSRs of the Forest studies.
Evaluator’s response
The sponsor still needs to respond fully to this question.
Question 4
Study LVM-MD-05 failed to show a significant effect on relapse prevention. It was noted that the relapse rates were lower than the estimated ones used in the sample size calculations. It is also noted that the US FDA clinical evaluation stated the study may have been hampered by an insufficient time of clinical stability (2 weeks) prior to the randomised withdrawal phase. Consequently, there has been a request by the FDA to repeat this study with altered design. Please discuss any insights on the reasons for the failure of this study, the planned future studies in relapse prevention and rationale for design changes.
Sponsor’s response
The sponsor agreed that LVM-MD-05 was a failed study. At FDA request another relapse prevention study (LVM-MD-15) is being conducted and is scheduled for completion in 2017. The design has been altered with a longer open-label treatment phase (20 weeks) and response stabilisation phase (12 weeks). The inclusion criteria have also been changed with patients needing to have a minimum of 3 episodes of MDD, with 2 in the past 5 years, and a MADRS baseline score of ≥26. The sample size is 640 in the open-label treatment phase and 308 in the double-blind treatment phase (1:1 levomilnacipran versus placebo). The primary efficacy endpoint is the time to first relapse during double-blind treatment.
Evaluator’s response
The design is acceptable and the data from this study are a necessary component for efficacy determination.
Question 5
The development program did not include any active controls in the efficacy studies despite three arm trials which include placebo and active controls being recommended in European guidelines on the clinical investigation of medical products in the treatment of depression (EMA 2013). Please comment on the rationale for omitting active controls.
Sponsor’s response
The sponsor stated the development program was based on the 1997 FDA guidelines for the clinical evaluation of antidepressant drugs. The sponsor stated that ‘the effect size for the primary efficacy parameter observed from the pivotal studies are comparable to those of other approved antidepressants.’ Active controls have been included in the two paediatric studies.
Evaluator’s response
The clinical development program did not fully follow the European guidelines, which have been adopted by the TGA, in respect to this issue of active comparators and this is a deficiency of the program.
Question 6
Efficacy analyses in subgroups did not include an assessment of response by previous antidepressant use despite the fact that at least 40% of study participants had not previously been treated with an antidepressant. Please discuss the efficacy in treatment naïve patients compared to those who had previously received antidepressants.
Sponsor’s response
The sponsor tabulated the change from baseline in the MADRS-CR total score for those previously treated and not previously treated with antidepressants from 5 clinical studies. This shows that the response to levomilnacipran was numerically greater in patients previously treated with antidepressants compared to those not previously treated in studies LVM-MD-01 and F02695 LP 2 02, while the converse was found in studies LVM-MD-02, -03 and -10.
Evaluator’s response
The evaluator accepts the sponsor’s conclusion that there is no trend for a difference of effect based on a patient’s previous antidepressant use.
Question 7
Please outline the plans for paediatric development.
Sponsor’s response
The sponsor stated that Forest Research Institute is planning two double-blind, placebo and active controlled studies in paediatric patients. Study LVM-MD-11 will assess approximately 660 adolescents aged 12-17 years in a fixed dose (40 or 80 mg per day), parallel group design. Fluoxetine 20 mg/day is the active comparator. Study LVM-MD-14 will be a double-blind, placebo and active (fluoxetine) controlled parallel group study of approximately 480 seven to 17 year olds. In both, the primary efficacy endpoint is the change from baseline to week 8 in the Children’s Depression Rating Scale-Revised (CDRS-R) total score with CGI-S as the key secondary endpoint. A non-clinical juvenile rat study is also planned.
Evaluator’s response
No comments.
[bookmark: _Toc433200310]Safety
Question 1
In Table 5.1-1 in the Summary of Clinical Safety it states that in Group 2 (Study LVM -MD-04) there were 296 patients exposed for ≥48 weeks while in Groups 1, 2 and 3 there were 367 patients. Given there were no other studies apart from LMV-MD-04 that had ≥48 weeks treatment duration, the evaluator is unsure how the number exposed for ≥48 weeks from Groups 1, 2 and 3 can be greater than the number exposed in Group 2. In addition, the exposure numbers provided in the Summary of Clinical Safety are different to those in the FDA clinical evaluation report. Please comment on these points and discuss how the exposure to levomilnacipran was calculated.
Sponsor’s response
The sponsor explained that the greater number exposed to ≥48 weeks treatment duration was due to the addition of the 8 week double-blind lead in treatment period to the open label treatment period of Study LVM -MD-04.
The difference in exposure between the US and Australian submitted data was due to the fact that the open-label, long term Study LVM -MD-04 had not been completed at the time of US submission. The total exposure to levomilnacipran was 460 patient-years in the US dossier compared to 502 patient-years in the current dossier Summary of Clinical Safety.
Evaluator’s response
The evaluator accepts the sponsor’s explanation regarding long term exposure numbers. The explanation for the difference in exposure data between the US and Australian dossiers is also acceptable.
Question 2
Study LVM-PK-14 assessed the bioequivalence of the proposed to-be-marketed SR formulation (Elan site formulation) with the clinical SR formulation (120 mg single dose crossover study). In this study it was noted that the to-be-marketed formulation had a higher rate of TEAEs than the clinical trial formulation (86.2% versus 67.8%) with higher rates of vomiting, dizziness, dysuria and testicular pain. While bioequivalence was demonstrated on Cmax and AUC, there was a significantly shorter median Tmax and also a longer T½ with the Elan formulation. Please discuss these findings and whether there should be further clinical investigation of this particular formulation if its use is still proposed.
Sponsor’s response
The sponsor presented data from Study LVM -PK-14 and stated that ‘Taking into account the nature of the formulation (SR capsule) and the magnitude of the observed differences on the Tmax and T½, no impact is anticipated in terms of safety and efficacy.’ The higher rate of TEAEs was acknowledged however it was stated that the study was not powered to assess safety, no placebo group was included, and there were no unexpected AEs. It was concluded that the ‘limited difference in the TEAEs rate should be considered as a random observation’ and as such no further investigation is planned.
Evaluator’s response
The evaluator accepts that the higher TEAE rate with the Elan site formulation may be a chance finding, however recommends that this is monitored should the product be approved.
Question 3
During the tapering down period it was noted that there was no evidence of a discontinuation syndrome as assessed by comparing rates of newly emergent AEs between the levomilnacipran and placebo groups. Nonetheless, due to the known risks of withdrawal effects and rebound depression with this class of medications, could the sponsor please discuss further if there is any evidence of these important safety issues with levomilnacipran.
Sponsor’s response
Since marketing in the US there have been two cases recorded in the post-marketing database. Both cases were considered non-serious. In the first abrupt withdrawal could not be ruled out and in the second case the patient had been instructed to open the capsule and take half the dose. The sponsor stated that withdrawal effects are identified in the RMP and PI.
Evaluator’s response
The risks have been adequately included in the PI and RMP.
[bookmark: _Toc433200312]General
Question 1
What is the regulatory status of levomilnacipran SR in Europe? Is there a submission or planned submission of the product for the treatment of MDD?
Sponsor’s response
There is no planned submission for the product in Europe.
[bookmark: _Toc471216348]Second round benefit-risk assessment
[bookmark: _Toc272414709][bookmark: _Toc290846349][bookmark: _Toc433200314][bookmark: _Toc471216349]Second round assessment of benefits
After consideration of the responses to clinical questions, the benefits of levomilnacipran in the proposed usage are unchanged from those identified in Section 9.1.
[bookmark: _Toc272414710][bookmark: _Toc290846350][bookmark: _Toc433200315][bookmark: _Toc471216350]Second round assessment of risks
After consideration of the responses to clinical questions, the risks of levomilnacipran in the proposed usage are unchanged from those identified in Section 9.2.
[bookmark: _Toc272414711][bookmark: _Toc290846351][bookmark: _Toc433200316][bookmark: _Toc471216351]Second round assessment of benefit-risk balance
The predominant issues after the first round of evaluation were in relation to the lack of long term, controlled data on efficacy in relapse prevention; lack of assessment of the minimum effective dose; possible increased adverse event rate with the Elan site to-be-marketed formulation compared to the clinical trial formulation; and a number of comments on the draft PI and CMI.
The evaluator believes that the clinical program did not adequately define the minimum effective dose, however it is accepted that the lower response to the 40 mg dose points to little additional benefit being derived from further assessment of doses lower than this. The evaluator agrees that that the data are suggestive of a better response with the highest dose of 120 mg, although this is only a numerical trend due to the lack of formal inter-dose comparisons.
No further information was provided on the possible increased rate of adverse events with the Elan site to-be-marketed formulation compared to the clinical trial formulation. The evaluator accepts the bioequivalence of the two formulations and that the higher TEAE rate with the Elan site formulation may be a chance finding due to the study not being powered to assess such effects. Nonetheless, it is recommended that this is monitored should the product be approved.
Comments on the draft Product Information and Consumer Medicines Information have largely been addressed and only a few minor points remain which are listed in Section 16.1.
There was GCP non-compliance at a single site in one study and, while no further issues were identified in the clinical study reports, the sponsor has yet to provide confirmation that this was the only case for the clinical development program.
The clinical development program did not fully follow the European guidelines, which have been adopted by the TGA, in respect to use of active comparators in assessment of clinical efficacy. This is an inadequacy in the program.
The main deficiency in the clinical data remains the lack of long term, controlled data on efficacy in relapse prevention given treatment of depression is recommended for at least 6 to 12 months duration. A second relapse prevention study has been planned with the FDA and is scheduled for completion in 2017. The design is acceptable and the data from this study are a necessary component for efficacy determination.
In summary, as concluded after the first round evaluation, while the data indicate that levomilnacipran has a positive benefit-risk balance for short term treatment of depression, until there is provision of positive longer term efficacy data, the evaluator finds that the overall benefit-risk balance of levomilnacipran is unfavourable given the proposed usage.
[bookmark: _Toc471216352]Second round recommendation regarding authorisation
It is not recommended to authorise levomilnacipran SR 40-120 mg in the treatment of major depressive disorder due to the lack of positive longer term efficacy data. In addition, data still need to be provided regarding GCP compliance in the clinical development program and two comments in Section 16.1 need to be addressed.
[bookmark: _Toc471216353]References
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Mean + SD Pharmacokinetic Parameter Values of Levomilnacipran
[Pharmacokinetic Analysis Population

Treatment A Treatment B Treatment C Statistical Comparison
To-Be-Marketed| Clinical SR | To-Be-Marketed | Geometric Means Ratio, % 90% CI

|PK Parameter | SR1x120mg | 3x40mg | SRIx120mg

(Fasted) (Fasted) (Fed) TrtAB | TreCA | TreAB | Trtcia

=36 =31 (N=35
Com, ng/mL 2264%639 | 2226:486 | 2328648 896 90.7 6812-117.85 | 69.84-117.86
[AUCy,. nghmL 49282+ 12092 | 5064.5%966.6 | 50322= 12642 | 860 905 | 650411371 | 69.34-118.19
[AUCs... ngel/mL | 5134.0% 13101 [5224.0% 10432 5345.0= 10098 | 878 893 | 66.72-115.66 | 68.65-116.06
T B 6.0(4.0.80) | 65(50,160) | 80(50,120) — — 0.0812° <0.0001°
T. h 138+37 127+29 13029 — — — —
| Pharmacokinetic Analysis Population Excluding Subjects 0035 and 0040°

Treatment A Treatment B Treatment C Statistical Comparison
To-Be-Marketed| Clinical SR | To-Be-Marketed | Geometric Means Ratio, % 90% CT
PK Parameter | SR1x120mg | 3x40mg | SRI1x120mg

(Fasted) (Fasted) (Fed) TrtAB | TrtCA | TreAB Trecia

=39 =29 N=39
| Can, ng/mL 2346=519 | 2267473 | 2396%513 1005 1023 [95.04-10621 | 97.13-107.79
[AUCs,. ng/mL | 5084.4=9008 | 5154.0=9183 | 5180229255 | 975 1017 | 9449-1007 | 98.74-104.82
[AUCs... ngel/mL | 5298.7 1013.0 5317.9 9986 | 5345.0=10098| 987 1008 | 95.52-101.97 | 97.74-103.92
T I 60(40.80) | 65(50,160) | 80(50,120) — — 0.0990° <0.0001°
T b 139238 12729 13.0£29 — — — —

2 In orderto allow logarithmic transformation of Cax and AUC parameters for Subject 0035 who had no detectable level of
levomilnacipran (LLOQ = 1 ng/mL) in all plasma samples afier receiving Treatment C in the statistical comparison, Cass Was
assigned to be 0.5 ng/mL; and AUCq. and AUC; .. to be 12 ngs/mL (0.5 ng/mL x 24 h = 12 ng/mL).

b Median (minimum, maxinum)

p-Value i based on Signed Rank Test.

Subject 0035 had undetectable level of levomilnacipran (< LLOQ of 1 ng/mL) in all plasma samples after recciving Treatment C

(120 mg Levomilnacipran SR under fed conditions): Subject 0040 had plasma Cass of levomilnacipran 6.85 ng/mL after

receiving Treatment A (120 mg Levomilnacipran SR under fasted conditions). Subject 0040 withdsew consent afier completing

Treatment A and Treatment B.

AUC... = area under the plasma concentration versus fime curve from fime zero to infinity; AUCs. = area under the plasma

concentration versus time curve from fime zero to time  (fime of last measurable concentration): CI = confident interval;

Cane = maxinmm plasma drug concentration; LLOQ = lower limit of quantification; T:, = terminal elimination half-life; Tose = fime of

‘maxinmm plasma concentration; Trt = Treatment, — = nof available.

an
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Main pharmacokinetic parameters of F2695 after single oral dose of 50 mg SRI,
SR2 and SR3 formulations

(expressed as geometric mean (geometric CV%) and [range])

Conas. Tonas AUCur Ty Tlag ¥
(ogmL’) () (hngmL") () ®) (%)
83.0 23%) 5 1585 (19%) | 120 (11%) 025 107 (5%)
SR1
(529 -120] [5-7] [1035-2018] | [982-146] | [0-05] | [96-113]
69.9(25%) 6 W77 (17%) | 127 (13%) 05 100 (11%)
SR2
[433-97.4] [5-7] [1032-1825] | [996-150] | [0-1] [82-114]
58.4 (16%) 7 1331 (15%) | 129 (14%) 1 89 0%)
SR3
[425-74.8] [5-8] [967-1592] | [103-165] [0-1] [73 - 100]

= median value for Too and Toy
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PK Parameters (Mean = SD) for Levomilnacipran in Healthy Male and Female Subjects After Oral Single-Dase
Administration of Levomilnacipran Oral Solution and SR Capsule Formulations — PK Analysis Population

Levomilnacipran

Levomitnacipran Oral
pic P Solution, 40 mg SR Capsule, 120 mg Treatment B/Treatment 4
‘arameter T ———
(Treatment 4) (Treatment B) Ratio of Geometric Means (90 % CI)*,
v=11) =15 %
e, DO/ 1253274 2133£704 596 (52.7-67.4)
AUC,, ng'h/mL 1759.9£369.4 4802.0+ 12663 910 (86.6-95.6)
AUC, _ ng-h/amL 179493729 4978813008 925 (89.0-96.1)
T I 40(10,50) 60(50,12.0) p<001
T, b 106+33 137226 NA

2 Based on dose normalized parameter values
b Median (minimum, maximum).

¢ Wilcoxon signed rank test (N = 8, only subjects who had values for both treatments were included.)
AU, = area under the plasma concentration versus time curve from time zero to infinity; AUC,, = area under the plasma

concentration versus time curve from time zero to time t; CI = confidence interval; Cp, = maximum plasma drug concentration;

NA =not available; PK = pharmacokinetic; SR = sustained release; T% = terminal elimination half 1ife; Toue = time of
‘maximum plasma drug concentration.
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Mean + SD Pharmacokinetic Parameter Values of Levomilnacipran

Treamment A Treatment B Treatment A/Treamment B
K Parameter, Tuir | T-Be-Marketed SR Clinical SR
4 Ix120mg 3x40mg Geometric Means Ratio, et
=21 =21 %

Cowe ng/mil 2013693 2156607 921 8599 -98.62
[AUCy.. heng/mL 47605 = 13186 5114113532 929 89379663
[AUCo-o. heng/ml 49487213902 5280814168 936 9000-9726
-y 65(55.100) 70(50.120) — p=05001"
T.h 139226 3119 — —

2 Median (minimum, maximum).

b p-Valueis based on Signed Rank Test

AUCo = area under the plasma concentration versus time curve from fime zero to infinify; AUCo: = area under the plasma
concenration versus time curve from fime zero to time  (fime of Last measurable concentration): C1= confident nterval;
Case = maxinuum plasma drug concentration; T:; = terminal elimination half-life; Tse = time of maximum plasma concentration

—=notavailable.

‘The ratios of geometric means for Cass, AUCo. and AUCs.. befween the to-be-marketed SR and the clinical SR capsules
were 92-94%; and 90% confident intervals of the geometric means ratios for the 3 PK parameters were all within 80-125%
range, suggesting bioequivalence of these fwo fornuilations. No statistically significant difference was observed in median Tas

T, of the two formulations were comparable.
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Pharmacokinetic Parameters (Mean + SD) of Levomilnacipran After a 120 mg Single Oral Administration
of Levomilnacipran Sustained Release Capsules in Healthy Subjects—Pharmacokinetic Analysis Population

PK Parameter, Unit

Treatment A
(To-Be-Marketed SR,
1%120mg)
N=25)

Treatment B
(Clinical SR, 3 = 40 mg)
N=25)

Treatment A/Treatment B

Ratio of Geometric Means,%
(90% CI) or p-value

Cous. ng/mL 1936=359 1955%318 98.5 (92.84-104.50)
AUCq.. ngeh/mL 432778538 47357817 96.3 (92.10-100.63)
AUCs.... ngeh/mL 44846 985.1 4611129257 96.8 (92.54-101.23)
T I 60(50.100) 70(50.120) 00374
Tih 134229 123227 —

Treatments: A = single oral dose of 1 120 mg Elan to-be-marketed levomilnacipran SR capsule under fasted
condition, B = single oral dose of 3 x 40 g clinical levomilnacipran SR capsule under fasted condifion

2 Median (minimum, maximum).

b Based on Wilcoxon signed rank test.

'AUCq...= area under the plasma concentration versus time curve from time zefo to infinity: AUCq.= area under the
plasma concentration versus time curve from time zero to time  (time of last measurable concentrafion):

CI= confidence interval: Cpa; = maimum plasma drug concentration: PK = phammacokinefic: S1

sustained

selease; T, = terminal elimination hal-life; Te: = time of mainum plasma drug concentration; — =not

available.
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Plasma concentration-time profiles of F2695 (expressed as geometric means) were obtained after single oral
administration of F2695 as IR formulation (25 mg) or as MR1, MR2 and MR3 formulations (50 mg) in fasting conditions
(N=10 subjects).

w
w
——IR (25mg)
o
7l) ——MR2 (50 mg)
w
:
£ w
§
)
"
L

Time (&)




image10.png
Main pharmacokinetic parameters of F2695 (expressed as geometric mean (geometric CV2%) and [range]) are
summarized in the table below:

o Tor AUCwr T

(agml?) () (hngml™) ()
R 62.9 (23%) 25 840 24%) | 8.31 (8%)
@5mg) | 1455_000) | [1-6] | [552-1303] | [7.34-958]
MR1 87.6 (21%) 6 1565 (26%) | 10.8 (14%)
(50 mg) [69.3 -138] 58] | [0s2-23631| [839-127]
MR2 66.5 (30%) ] 1368 (25%) | 119 (13%)
G0mg) | 35 119 | [5-10] | [1020- 18047 | [9.70-143]
MR3 60.4 (24%) 7 1288 (22%) | 127 (14%)
(50 mg) [446-937] | [5-12] | [950-1997] | [10.7-16.9]

* median value for Ty
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Mean (SD) Pharmacokinetic Parameters for F2695 and F17400 in Healthy Male
and Female Subjects afer a Single Dose Oral Administration of F2695 SR -

Pharmacokinetic Population
F2695" F17400°
|PK Parameters Cohort Al | CohoriA2 | CohoriA3 | CohortAl | Cohort A2 | Cohori 43
25mg Somg 100mg 25mg somg | 100mg
M=o | N=o | m=0 | N=o | N=o | &=0
477 770 208.1 48 100 20
Coe (ng/mL) 84 a2 (70 a2 3] 20
b, @ 6 6 6 8 8 8
- 69 6.6 69 | en | cn | 6n
9003 16864 30453 179 2549 5017
|AUCs: (agh/ml) | 1503) (1634) (589.6) G20 09 | 362
10439 17132 40340 1558 2027 556.0
|AUCe= (gl | 145 7y (168.4) (5759) @3 | o3 | a6
T, @) 18 112 111 175 144 135
. 0 Ji%;) ey | @9 | en | @9
243 204 252
ICLF @Lh) s 35 & NA NA NA
VF@ ?4“?55) (4577207) (4301211) NA NA NA
506.2 602.6 4808
[V.J/F @ 67 (592 (09 NA NA NA
120 196 416 31 60 111
[es (m0) @3 o) ©3 on | a9 | @y
479 303 416 141 139 128
=9 o 69 ©3 6o | 61 | @9
2009 1953 1771 4420 4090 3844
L () G | @0 | wo | @y | @n | @

2 Doses represent F2695 SR doses

b Median (minimum, masimum).

N = Number of subjectsin the Pharmacokinetic Population

Aes. = the cumulative amount of unchanged drug excreted into the wine during the entire wine collection period from
i 0 to time & AUCs.. = area under the plasma concentration versus time curve from fime zero o infniy:
AUCo. = area under the plasma concentration versus fime curve from fime 2er0 o time £, oy = maxiomum plasma
drug concentration: PK ~ pharmacokinetic: T, = terminal elimination halflife, e, = time of maximum plasma
concentrtion: CL total clearance of drug from plasma after exravascular administation:
CLr = average renal clearance; N/A = not applicable; UR = wine recovery of drug relative to the dose
administered. V./F = apparent volume of distribution at steady stte afer extravascular administration:
V./F = apparent volume of distribution based on the terminal phase afer extravascular administation
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Aithmetic mean (SD) plasma PK parameters of levomilnacipran excluding subjects who reported a TEAE of vomiting within

24 hours afier dosing are presented by cohort in the following table.

Colort I Colort IT Colvort IIT
Levomilnacipran Levomilnacipran Levomilnacipran
40mg $0mg 120mg
PK Parameter (unit) ~N=10) ~N=9 ~N=7
AUC,, (ng+h/amL) 17575 (4178) 3293.6 (362.9) 52192 (1527.0)
AUC,_ (ngeb/mL) 18129 (441.5) 34047 (3562.9) 53632 (1623.2)
C,.. az/al) 7150170 1486 (41.6) 2312(58.1)
T, 0 7.00 (500, 12.00) 6.00 (5.0, 12.00) 800 (5.00. 10.00)
T () 12423) 129G.3) 127019
CLF (L) 235 (67) 242(48) 236 (5.0)
VJ/E L) 405.1(708) 4443 (1384) 4286 (89.0)

Note: This table excludes Subject 0010015 in Cohort I and Subjects 0010009 0010021, and 0010027 in Cohort IIl who reported

2 TEAE of vomiting within 24 hours after dosing.
AUCq... = area under the plasma concentration versus fime curve from fime 0 to infinity; AUCo. = arca under the plasma
concentration versus time curve from time 0 to the fime of the last measurable concentration; CL/F = apparent fofal clearance of
drug from plasma after oral administration; Csx = maxinmm plasma drug concentration; PK = pharmacokinetic; Ty = terminal
elimination half-life: Tose = time of maximum plasma drug concentration; V/F = apparent volume of distribution after oral

administration.

2 For Tass. median (minimum. maximum) values are reported.
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Mean (SD) Pharmacokinetic Parameters for F269:

Oral Administration of F2695 SR - Pharmacokinetic Population

ind F17400 in Healthy Male and Female Subjects after Escalating Multiple-Dose

F2695° F17400"
|ok Parameter CohortB1 Cohort 52 Cohort 31 CohortB2
T5mg | S0mg | W0mg | 150mg | 200mg | 250mg | 300mg | Zmg | Somg | W0mg | T50mg | 20mg]| 250mg | 300mg
&9 | -9 | -9 |e=7 | -7 | =7 | 3-5 |&-9|a=9| -9 | =7 |e-7 |7 ™=
o ogany | ©1 | 185 | 290 [ 3938 | 552 | 761 | sms | 85 | 166 | 37 | 482 | s | 83 | o5t
e (08 (116) | (145) | (554) | (745) | (1085) | (1388) | (1186) | (4D “0) 39 ©1 | 140 | (135 | (174
SN 5 [ s | s 5 [ 5 | 6 5 638 [ 6 | 6 [ 86 ]
o 6o |ao | ey |co|wo|ao| a0 [em| ey 6w |6y |cy|em|on
[aTc.. Ses1 | 20470 | 4520.1 | 63000 | 89674 | 109645 | 126293 | 1350 | 2998 | 269 | 9023 | 12834 | 15101 | 17632
e | ass | 000 | @39 |aosse | asssn | assto | @201 | 663 | a0 | arse | any 0159 el | eans
oo gy | 2L | 09 | 977 [ 153 [ 1970 [ m7s | ome | 37 | 76 | 12 | ;3 | 314 | 45 | @o
=gl | o) | 09 | @23 | 090 | @05 | 61 | een |av e | 63 | 6b |6 | 6d | @
o ogmn | 412 | 553 | 1883 [ 2005 | sme | a9 | sas | 64 | 13 | a1 | 316 | 55 | @9 | Bs
e (Bg/L) ©9) (126) | 372 | @458) | (69.1) (68.8) (51.8) Q3 | 6D a3 (16) | (15) | (114 | (59
ommon oy | 52 | 24 | 1073 | 587 | fo3 | 1oes | 1 | 785 | 51| 76 | @6 | %6 | 13 | B8
- 158) | (13.8) 6) 119 | a14) | q42) (123) | (185) | 80) | (113) | (103) | (125) | (103) | (141)
—— 1653 | 595 | 2107 | 1940 | 2024 | 282 | 205 | 1392 | 1229 | 1820 | 101 | 139 | 162 | 1305
wing (%) (38.0) | 394 @0 | (24 | G49) @1y (L6) | (554) | @27) | (562) | (289) | (326) | (303) | (40.2)
50 113 52 11
) wa | wa | B0 T wa [wa [ [ 0 Twa v | B2 ] v [ wa [ [ 2D

3 Doses represent F2695 SR doses.
b Median (minimum, maximum).
N'=Number of subjectsin the Phamacokinefic Population.

AUCy. = area under the plasma concenfation versus time curve from fime zero to dose-interval time T Cise,e = masimum plasma concentration a steady state;
‘minimum plasma concentration at steady state; Cr., = average plasma concenfrafion at steady state; N/A = not available; PK = pharmacokinetic;

Con,
Ty terminal limination balf 1ife; Toes = time of maximumm plasma drug concentration.
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Plasma pharmacokinetic parameters of F2695, F17400 and their respective
conjugates

(mean = SD plasma C g, and AUC .y, values and median T g, values)

T,
[cl-
F2695 F17400
Pharmacokinetic parameter Radioactivity F2695 5 F17400 .
glucuronide glucuronide
@)
Conax
N 296 +28.3 162 £18.5 | 187 £5.08 | 17.7+£3.76 | 292+ 6.59
(ng equiv F2695 free base.mL™)
Toans 2.75 3 3 6 4
M
AUCo1m
2342 + 278 1171 + 194 126 £32.1 | 164 £362 | 250+ 557

(h*ng equiv F2605 free base.mL™ )

AUCoam
(% of F2695 AUC2)

- - 10.7 £ 1.79 144 £428 21.8 = 6.05

AUCqm,

e o - 529+420 | 5.64+1.00 | 748+ 168 | 113+210
(% of ["*C]-Radioactivity AUCo12)

a: data extracted from the clinical report of the study
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2695: Metabolte profling ofstady FU2695 PO 101 "study of the mas balance an the metabolism of [L4C]-F2635 administered 253
‘Sngle 0 mgoral dusei beallhy sbjects”

~ Excreted compounds were:
Levomilnacipran dose.
100%
FECES.
URINE 3%
9.6%
584% Levomilaacipran
182%

‘N-desethy! levomilnacipran

383% | Levomilnacipran ghicusonide

320% ‘N-desethyl levomilnacipran

slcuroride
119% [ phydrosy levomilaacipran

slucuronide
08%% | pbydeoxy levomilnacipran

8.76% Other metabolites
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Clinical Studies Used in the Population PK Analyses

o Brief Number of  Number of
(Ph.:'e) Description of  Treatment(s) Population  Subjects in PK
the Study PK Analysis  Observations
PROLD  Singleandmulple Single dosesofplacebo, 5, Healhy subjects 35 385
escaluting doses 50 0r 100 mg SR; who eceived
Escalating doses of 25— Ievomluacipran
300 mg SR or placebo daily
forupto 36 days
PRO2Q)  Singledose inrensl H0mgSR Subjects with » m
‘mpairment nomal and mild to
severerenal
mpairment
PKOSQ) Mulipledosestudy  Escaltingdosesof 20-80  Healhy adultand »n an
mgSRalyforOdsys  eldrly subjects
PROS@  Singledosein HmgSR Subjects with s o
hepatc impaiment ‘omual bepatic
function (exclude
‘hepatic impairment)
PROSM  Foodeffctsmdy  40mgSReiherfastedor  Heally subjecs u B
with food
PROTQ TQTsmdy  Multle escalating dosesof  Healthy subjects ” 2041
20-300mgSRdalyfor24  whoreceived
days then placebo on Day
25, ormoxifloxacin 400mg levomilnacipran
on Day 1 then placcbo on
Days 225; or placebo on
Days 1-24 sd moifloxacin
400mgonDay25
PROS@ Drug-dmg $0mgSRdailywihand  Healhy subjcts; 3 a1
imtenctionstdy  withoutketoconazole  levomlnacipran
it ketoconazole lone period
PROI @ Drugdmg  Multiple escalating dosesof  Healhy subjects; 3 502
intersctionstdy 20— 120mg SRdailywith  levomlnacipran
withcarbamazepine  and wihout carbamazepine  alone period
PRI0@ Drugdmg  Multiple escalating doses of  Healhy subjects; 30 240
intersctionstudy 20— 120mg SRdailywith  levomulnacipran
withalprazolam  and without lprazolam o period
PRI2M) Bioequivilencesnd 120mgtobemukeled SR Healthy subjects; ) pn
foodeffectsmady  with food or fastedor 120 clincal formlation
‘mg clinical formnlation oaly
fasted
PKIS@  Sogleawending  40,800r0mgSR  Healhy subjecs 30 7
dosestudy
PKI6M  Bioequvilewe  20-40mgord sohion  Healhy subjects; SR 23 o
smdy Galyor20-10mgSR  fonmlation only
daily for 14 days
PKIOM  Bioequvilewe  10mgtobemukeedSR  Healthy subject; 3 615
study or10mgcliical  clincal fornmition
Sormilation only
MD01 Randomized,  40,800r 120mgSRdally  Adults withs MDD 3 1795
an danbieblin, e for 8 weeks. ‘who received
. placebo- Ievomslnacipran
controlled, parallel-
group study
MD02 Randomized, 40,80 0r 120mgSRdaly  Adults with MDD 157 so1
an double-blind, for 8 weeks (flexible dose) ‘who received
fexibledose. Ievonslnacipran
placebo-cantrolied,
parallelgroup study
MD03 Randomized,  40,800r 120mgSRdally  Adult withs MDD 198 &
) dowbleblind,  for§ weeks (fexbledos)  whoreceived
Sexible dose, levomilnacipran
placebo-contolled,

paralel-group study
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Pharmacokinetic Parameters (Mean + SD) for F2695 (N = 32)—
Pharmacokinetic Population

Group IV Group I (Mild Group IT Group I (Severe
(Normal hepatic hepatic (Moderate hepatic| hepatic
PK Parameter, Unit function), impairment), impairment), impairment),
Mean + SD Mean + SD Mean + SD Mean + SD
(n=8 (n=8 (n=8 (n=8
Cnax. ng/mL 59.72£9.00 76.82 £19.65 64.82+£11.43 77.04 £ 14.01
AUCq., ng*h/mL 1682.82 +583.28 | 1803.18 +811.08 | 1876.74 £ 593.13 | 2252.11 &+ 567.82
AUC, ng*lVmL 1787.68 = 598.09 | 1853.79+822.92 | 1940.72 £ 599.00 | 2324.50 + 598.58
Ty 1° 7.00 (5.00-8.00) | 6.00 (4.00-12.00) | 9.00 (6.00-12.00) | 9.00 (5.00-12.00)
Ty h 15.60 £9.01 12.80£3.45 15.85+4.00 15.96 £3.70
CL/F,L/h 2431+7.04 26.05 +12.40 22.42£7.00 18.28+4.84
V/F. L 622.88 +179.80 554.07 £155.97 586.13 +£101.47 493.14+86.13
Aegr. mg 17.22+3.38 16.39£3.18 22.97+£3.63 23.15+£5.48
% Dose 43.04 £8.44 40.97£7.95 57.43 £9.08 57.89 £13.70
CL,, L/h 10.87+£2.89 10.50 £4.16 13.29£4.63 11.20+5.19

a  Median (Min-Max)

AUCq.,, = area under the plasma concentration versus time curve from time zero to infinity; AUCq, = arca under the
plasma concentration versus time curve from time zero to time t; Cax = maximum plasma drug concentration;
PK = pharmacokinetic; Ty = terminal elimination half-life; Ty, = time of maximum plastma concentration;
CL/F = oral clearance; V/F = apparent volume of distribution at steady state; Ao = cumulative amount of drug
excreted into urine from time zero to time t; CL; = renal clearance; % Dose = % of dose excreted as unchanged

drug in urine
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Comparison of Pharmacokinetic Parameters of F2695 in Hepatic Impaired
Patients versus Subjects with Normal Hepatic Function

Ratio of Geometric Means

PK Parameter Comparison Fl"g‘;‘:%f:gf ;’E‘ZH tic 90% CI
Function), %
M;g;“:}ﬁ“;‘;‘:‘:‘f‘f:ﬁmxs 126.18 106.55-149.42
Coax %Zm:;?:;:’gﬁzﬁ‘ 107.98 91.19-127.87
Se;fi::f;:;;a’?gm?g&“ 128.02 108.11-151.61
M;g;“:}ﬁ“;‘;‘:‘:‘f‘f:ﬁmxs 101.90 75.69-137.18
AUCo %Zm:;?:;:ﬂﬁﬁl 11141 82.75-149.98
Se;fﬁ,’,‘j}’ﬁ;‘;;;‘;"g,";‘},ﬁ s 135.86 100.92-182.90
Mﬁgj‘jﬁ“ﬁ‘;‘;ﬁ‘:“fﬁ'ﬂﬂf 98.78 73.56-132.65
AUC %Zm::;?:;:ﬂﬁﬁl 108.72 §0.96-146.00
Severe hepatic impairment vs 13180 08.15-177.00

Normal hepatic function
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Mean (SD) Pharmacokinetic Parameter Values of F2695

Groupl | Groupll | GroupIll | GroupIV Ratio of Geometric Means (90%C])

| PK Parameter | (Normal), (Mild) (Moderate) (Severe) Mild/ Moderate/ Severe/
=8 N=8) N=8 =8 Normal Normal Normal

Conxe 539 518 97 1221 96.1 1193 435

Ing/mL (21.0) (234) (181) (35.1) @55-1224) | (937-1518) | (1128-182.7)

AUCs.. 20543 2506.3 38206 5240.1 1718 1879 256.1

[heng/mL (00.1) (630.2) ®63.4) (13432) | (96.9-153.1) | (149.5-236.2) | (2038-321.9)

AUC.., 21000 25878 40164 5900.8 1231 1925 279.7

[heng/mL 6169 (649.9) ©995.4) (17993) | (96.9-1563) | (151.6-2445) | (2202-355.2)

T 55 7 9 7

n .8 6.12) 6.12) (6.24)

T 135 173 19.1 277

n 8 (35) “6) a4

CLIF, 205 167 105 73

L (1.1) (9 (2.5) (19

VI, 387.2 1220 280.3 2831

L (107.0) (202.9) (593) 11

VJF, 1623 1927 3553 3153

L (1218 (203.7) (725 814

Ae, 208 69 57 87

mg 37 45 43 36

%Dose, 519 23 392 219

% ©3) (116) (10.9) 00

CL, 1759 a7 699 2856

mL/min “2.1) (243) a79 (116)

ja Median (minimum, maximum)

|AUCG.. = area under the plasma concentration versus time curve from time zero to infinity; AUCy, = area under the plasma
concentration versus time curve from time zero to time t; C.n, ~ maximum plasma drug concentration; PK = pharmacokinetic;
Ty, = terminal elimination half-life; T, = time of maximum plasma concentration; CL/F = apparent total clearance of drug from
plasma after extravascular administration; V.,/F = apparent volume of distribution at steady state after extravascular
administration; V./F = apparent volume of distribution on the terminal phase after extravascular administration; Ae = cumulative
amount of drug excreted into urine from time zero to time t; CL, = renal clearance; %Dose = % of compound excreted in urine
relative to administered dose.
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A Summary of the Mean (SD) Plasma Pharmacokinetic Parameters for F2695 - Pharmacokinetic Analysis Population

PK Parameter Age Gender Al
Young Elderly Subjects
N=16 65714 75 Al Male Female N=32
N=8 N=8 Elderly N=16 N=16
N-=16
Cow (ngiml) | 22677 26055 27977 270.16 22027 27666 24847
(52.3) (41.0) (46.3) (43.4) (423) (46.2) (52.1)
AUCo, 350850 | 4330.01 1590.22 4460.11 3708.28 1350.03 1029.35
(ng*hr/mL) (639.0) (831.9) (565.2) (700.1) (710.2) (754.9) (791.4)
Con (ng/mD) | 96.07 12868 132.88 13078 110,54 116.31 113.42
(7.27) (35.62) (21.1) (30.65) (33.37) (27.36) (30.16)

Conax = maximum plasma drug concentration; AUCq, = area under the plasma concentration versus time curve during the dosing
interval, t, at steady state; Cn = minimum plasma drug concentration.
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A Summary of Geometric Mean Ratios (90% CI) for F2695 - Pharmacokinetic Analysis Population

PK Parameter

Geometric Means Ratio (%) 90% CT
Conx (ng/ml) 123.85 (Elderly/Young) (114.14, 134.38)
117.23 (Female/Male) (107.41.127.96)
AUCo. (ng"hr/mL) 125,87 (Elderly/Young) (11537, 137.32)
113.76 (Female/Male) (103.62 . 124.90)
Coe (ng/mD) 135.02 (Elderly/Young) (118.75., 153.53)

105.71 (Female/Male)

(92.11.121.32)

Note: Young = 18 to 45 years; Elderly = 65 years or older; Cpx = maximum plasma drug concentration; AUC., = area under the
plasma concentration time curve during the dosing interval, T; Con =

inimum plasma drug concentration.
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Pharmacokinetic Parameters (Mean + SD) for F2695 Following A Single-Dose
Administration of 80-mg F2695 Alone (Treatment A) and in Combination with

400-mg Ketoconazole at Steady State (Treatment B)—Pharmacokinetic

Analysis Population (N=33)

Treatment A Treatment B Ratio of 0% CI
PK Parameter Mean + SD Mean + SD Geometric P";/ alu:r
(N=33) (N=33) Means, %
Conax, NZ/ML 162.97 +27.83 230.96 + 60.05 138.7 130.72-147.07
|AUCq, ng*h/mL 3684.25 +552.37 5910.65 +1350.27 156.8 147.17-167.09
|AUCq., ngel/mL 3730.19 +565.01 5976.10 + 1370.96 156.6 146.93-166.89
697211 8.82+247 b .
T, 11 . . 133.3 P <0.0001
6.00 (5.00-12.00) 8.00 (5.00-12.00)
Ty b 1221254 13.13+2.42 — —
CL/F, L/h 21.93+3.31 14.32 £ 4.66 — —
Vss/F, L 469.59 + 74.81 339.03 +85.29 — —

Note: — indicates not calculated
a  Median (Minimum, Maximum)

b Ratio of arithmetic mean using the median To.

¢ Based on Wilcoxon signed-rank test using the median Ty

AUC, .., = area under the plasma concentration versus time curve from time zero to infinity; AUCy., = area under the
‘plasma concentration versus time curve from time zero to time t; CI = confidence inferval; Cpy, = maximum

‘plasma drug concentration; CL/F= apparent total clearance of drug ; PK = pharmacokinetic; T;

elimination half-1ife; Tiusx = time of maximum plasma concentration; Vss/F= apparent volume of distribution at

steady state.
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Mean (SD) PK Parameters of F1695 and F17400 after Escalating Maltiple.
‘Doses f F2695 SR at Steady tate (up to 120 mz, QD) in the Absence

(Treatment 2) and Presence (Treatment ©)of 200 mg BID Carbamazepine XK
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Mean (D) PK parameters of Carbamazepine and Carbamazepine-10,11-Epozide.
Following 200 mg Carbamszepine XX at teady State (00 m, BID) in the Abseace
Trzatment B) and Presence (Trentment C)of 120 ms QD F2685 SR
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Parameter Estimates for the Final Levomilnacipran PPK Model

Parameter Unit Estimate SE RSE %CV
CL/F L/h 24.0 0.224 0.93

Vc/F L 495 6.12 1.24

Ka 1/h 0.519 0.0137 2.64

Tlag h 173 00101 058

CLCR > 50 ml/min on CL/F 0.475 0.0402 8.46

CLCR < 50 ml/min on CL/F 0.525 0.039 7.43

WT on Vc/F 0.605 0.0676 11.2
Intersubject Variability

CL/F 0.0674 0.00691 10.3 26.0
Vc/F 0.0657 0.00585 8.90 25.6
cov CL/F-Vc/F 0.0260 0.00602  23.2
correlation CL/F-Vc/F 0.391

Ka 0.307 0.0269 8.76 55.4
Residual Error

Ph | - prop 0.150  0.00593  3.95 15.0
Phl-add ng/mL 271 0.215 7.93

Sparse - prop 0.352 0.0159 4.52 35.2
Sparse - add ng/mL 21.4 2.60 12.1

SE = standard error, RSE = relative standard error, %CV = coefficient of variation, prop =
proportional, add = additive. ETA shrinkage estimates for CL/F, V¢/F and Ka were 14.3%, 36.1%
and 39.3%, respectively; EPS shrinkage was 7.7%
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Clinical Studies Used in the Population PKPD Analyses.

Nuntber of Number of Number of
5 ey Patients Patients Patients
SL“‘{Y B“eftﬁessc:,g“"“ of  Treatment(s) Population (Observations)  (Observations)  (Observations)
(Phase) el inthe PKPD  inthe Efficacy in the Safety
Dataset  Analysis ITT) ___ Analysis
ol Rab';fmd‘:‘:;dé?“ble' placebo, or 40,80  Adults with MDD
A ’D(m) Ia‘c’;bo_c;mﬁf:i or 120 mg SR who received 724 (4498) 704 (4458) 713 (4476)
P daily for 8 weeks  placebo or F2695
parallel-group study
Randomized, double- placebo, or 40, 50 )
N g - M Adults with MDD
MD-02  blind, flexible dose,  or 120 mg SR :
Q) plaschocontollod  doly for S secks Mo received 362 (2338) 355 (2324) 357 (2325)
parallel-group study  (flexible dose)  P1ACED0 or F2695
Randomized, double- placebo, or 40, 50 )
N g - M Adults with MDD
MD-03  blind, flexible dose,  or 120 mg SR .
@ plachocontollod  doly for Swecks Mo Teceived 442 (2802) 429 (2776) 434 (2786)
parallel-group study  (flexible dose)  P1ACED0 or F2695
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Typical Drug Effect at Median AUCss by Levomilnacipran Dose.

placebo 40 mg 80 mg 120 mg
AUCss (ng./mL) 0 1701 3401 5102
Change from baseline MADRS-CR -12.4 -13.5 -14.5 -15.6

Change from placebo - -1.10 -2.19 -3.25
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PD — Primary Endpoint - Largest Time-Matched AAQTcNi (Individual Linear Correction Using the Day -1 Data [with Exercise]
for Group 1 and Day -2 [Supine] for Placebo in Groups 2 and 3)

‘The time-matched least-squares mean difference between levomilnacipran 120 mg/d and 300 mg/d vs. placebo in AQTeNi at

each serial Holter ECG time point based on QTcNi from Day -1 (with exercise) data with a linear QT/RR correction is presented

below:

LSM Differences of Levomilnacipran (Group 1) (N=92) vs. Placebo (Groups 2 and 3) (N=76) (A1QTcNi)
f}’, s l_ewl:m‘lilznn l_ev;:)l‘l)d:;;!nn
) (©=92) (n=80)

Difference in LSM T;‘;’ufig;" Difference in LSM T;‘;‘;‘g:"
0 449 (058,841) 262 (-133,657)
1 523 (131,9.15) 321 (-0.74,7.15)
2 630 (2.38,10.21) 441 (0.46,8.36)
3 647 (2.56,10.38) 528 (134,9.23)
4 513 (122,9.05) 426 (031,821)
6 290 (-1.02,6.82) 116 (:2.79,5.11)
3 646 (2.54,10.38) 142 (0.48,8.37)
12 472 (081, 8.63) 316 (:0.79,7.11)
16 640 (247,10.32) 7.00 (3.04,10.96)
20 311 (-081,7.03) 484 (0.89,8.79)
23 447 (0.54,8.39) 364 (-031,7.60)

*Levomilnacipran 120 mg/d (Day 11) = escalating once-daily doses of levomilnacipran on Day 1 to Day 11, as follows: 20 mg on
Day 1; 40 mg once a day for 3 days; 80 mg once a day for 3 days; 120 mg once a day for 4 days.

“Levomilnacipran 300 mg/d (Day 24) = escalating once-daily doses of levomilnacipran on Day 1 to Day 24, as follows: 20 mg on
Day 1; 40 mg once a day for 3 days; 80 mg once a day for 3 days; 120 mg once a day for 4 days; 160 mg once a day for 3
days; 200 mg once a day for 3 days; 260 mg once a day for 3 days; 300 mg once a day for 4 days.

LSM= least squares mean, N=number of subjects in the PD Analysis Population, n=number of subjects in the PD Analysis
Population on the specific day of comparison.
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PD — Sensitivity Analysis - Largest Time-Matched AAQTcNi between Levomilnacipran (Individual Linear Correction Using the
-2 Data [Supine]) and Placebo (Individual Linear Correction Using the Day -2 Data [Supine]

Results of the time-matched least-squares mean difference between levomilnacipran 120 mg/d and 300 mg/d vs. placebo in

AQTeNi at each serial Holter ECG time point (QTcNi from Day -2 [supine] data with a linear QT/RR correction) are presented

below:

LSM Differences of Levomilnacipran (Group 1) (N=92) vs. Placebo (Groups 2 and 3) (N=76) (A4QTcNi)
f}’, o Lm;);l;ll.:;‘l;un Lﬂ:'z;:;l‘:;c‘lignn
o @=92) (@=80)

Difference in LSM T;;fg;" Difference in LSM T;‘;’ufig;"
[ 0.67 (:2.83,4.18) -139 (:493,2.15)
1 183 (-1.67,5.34) 049 (-4.03,3.04)
2 407 (0.56,7.57) 1.40 (:2.14,495)
3 439 (0.89,7.89) 254 (-1.00,6.07)
4 271 (:0.79,622) 119 (:235,473)
6 -1.50 (5.01,2.00) 3.03 (:6.58,051)
3 293 (:0.58, 6.44) 1.03 (:251,457)
12 078 (2.71,428) 102 (:457,2.52)
16 3.51 (0.00,7.02) 3.97 (042,7.52)
20 012 (:3.39,3.63) 165 (-190,5.19)
23 113 (:2.38,4.64) 020 (:375,3.34)

*Levomilnacipran 120 mg/d (Day 11) = escalating once-daily doses of levomilnacipran on Day 1 to Day 11, as follows: 20 mg on
Day 1; 40 mg once a day for 3 days; 80 mg once a day for 3 days; 120 mg once a day for 4 days.

“Levomilnacipran 300 mg/d (Day 24) = escalating once-daily doses of levomilnacipran on Day 1 to Day 24, as follows: 20 mg on
Day 1; 40 mg once a day for 3 days; 80 mg once a day for 3 days; 120 mg once a day for 4 days; 160 mg once a day for 3
days; 200 mg once a day for 3 days; 260 mg once a day for 3 days; 300 mg once a day for 4 days.

LSM= least squares mean, N=number of subjects in the PD Analysis Population, n=number of subjects in the PD Analysis
Population on the specific day of comparison.
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PD - S Endpoints - QTcF Intervals
‘The time-matched least-squares mean difference between levomilnacipran 120 mg/d and 300 mg/d vs. placebo in AQTCF at each
serial Holter ECG time pomt are presented below:

LSM Differences of Levomilnacipran (Group 1) (N=92) vs. Placebo (Groups 2 and 3) (N=76) (A1QTcF)
ilnacipr: Levomilnacipran

jlj","”"b ose Lml);l). I-:;;"“m 300 m,wl'3
ph @=92) (@=80)

Difference in LSM T;;fg;" Difference in LSM T;‘;’ufig;"
[ 109 (:422,2.05) 230 (-5.48,087)
1 071 (:3.84,242) 272 (-5.89,045)
2 0.53 (:2.60, 3.66) 171 (-4.88, 1.46)
3 027 (:2.85,3.40) 115 (:432,2.02)
4 111 (424,200 251 (-5.68,067)
6 221 (-5.34,093) 3.06 (:623,012)
3 029 (342,285 103 (421,2.14)
12 007 (:3.19,3.06) 148 (-4.66, 1.69)
16 0.93 (221, 407) 179 (-139,497)
20 314 (:6.28,0.00) 199 (-5.16, 1.19)
23 122 (435, 1.92) 294 (:612,024)

*Levomilnacipran 120 mg/d (Day 11) = escalating once-daily doses of levomilnacipran on Day 1 to Day 11, as follows: 20 mg on
Day 1; 40 mg once a day for 3 days; 80 mg once a day for 3 days; 120 mg once a day for 4 days.

“Levomilnacipran 300 mg/d (Day 24) = escalating once-daily doses of levomilnacipran on Day 1 to Day 24, as follows: 20 mg on
Day 1; 40 mg once a day for 3 days; 80 mg once a day for 3 days; 120 mg once a day for 4 days; 160 mg once a day for 3
days; 200 mg once a day for 3 days; 260 mg once a day for 3 days; 300 mg once a day for 4 days.

LSM= least squares mean, N=number of subjects in the PD Analysis Population, n=number of subjects in the PD Analysis
Population on the specific day of comparison.
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PD — Sensitivity Analyses - QTcL Intervals (Individual Linear Correction Using the Day -1 Data [Exercise] for Group 1 and
Day-2 Data [Supine] for Placebo in Group 2 and 3)

‘The time-matched least-squares mean difference between levomilnacipran 120 mg/d and 300 mg/d vs. placebo in AQTCL at each
serial Holter ECG time pomt are presented below:

LSM Differences of Levomilnacipran (Group 1) (N=92) vs. Placebo (Groups 2 and 3) (N=76) (A4QTcL)
f}’, o Lml);.:)ill:s;‘i;mn Lﬂ;:;:)ill:;t‘iignn
p @=92) (@=80)

Difference in LSM T;;fg;" Difference in LSM T;‘;’ufig;"
0 146 (-521,229) 368 (747,011
1 036 (4.11,3.39) 314 (-692,0.64)
2 116 (:2.59,491) -1.60 (-5.39,2.19)
3 1.03 (2.71,478) 049 (-4.28,3.29)
4 035 (-4.10,3.40) -1.69 (-547,2.10)
6 332 (7.07,044) 513 (:892,-134)
3 026 (:3.50, 4.01) 131 (-5.09,2.48)
12 145 (-5.20,2.29) 2.68 (-647,1.11)
16 117 (:2.58,4.93) 1.69 (211,5.48)
20 -186 (-5.62,1.89) -0.66 (:445,3.13)
23 082 (4.57,2.94) 204 (-5.83,1.76)

*Levomilnacipran 120 mg/d (Day 11) = escalating once-daily doses of levomilnacipran on Day 1 to Day 11, as follows: 20 mg on
Day 1; 40 mg once a day for 3 days; 80 mg once a day for 3 days; 120 mg once a day for 4 days.

“Levomilnacipran 300 mg/d (Day 24) = escalating once-daily doses of levomilnacipran on Day 1 to Day 24, as follows: 20 mg on
Day 1; 40 mg once a day for 3 days; 80 mg once a day for 3 days; 120 mg once a day for 4 days; 160 mg once a day for 3
days; 200 mg once a day for 3 days; 260 mg once a day for 3 days; 300 mg once a day for 4 days.

LSM= least squares mean, N=number of subjects in the PD Analysis Population, n=number of subjects in the PD Analysis
Population on the specific day of comparison.
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Summary of MADRS Data by Visit.

Baseline Week 1 Week 2 Week 4 Week 6 Week § Overall
(a=1488) (@=1441) (@=1446) (@=1321) (@=1211) (=1146) (=8067%)
Study. (%)
LVM-MD-01 4% 6B2(AT%)  GRT(@8%)  60S(46%)  SS6(46%)  SIS(S%)  3751(46%)
LVM-MD-02 355(4%)  337(Q3%)  3S(Q4%)  33205%)  296(24%)  292Q5%) 1969 (24%)
LVM-MD-03 40909%)  420%)  414(9%  384(Q9%)  3590G0%)  339(G0%  2347(29%)
Dropout?, n (%)
5o S 6%)  1104(77%)  1144(79%) 1123 (85%)  1123(93%)  1124(98%) 6745 (34%)
yes 363(4%)  337(Q3%)  302Q1%)  198(15%) 88.(7%) 20%) 1322(16%)
Day
Median (Range) 1681 8(-11) 1501222) 290336 430750 TG4 16(8-114)
MADRS-CR
Mean (SD) 356(4) 312002 278@88)  248(103)  24(114)  212(122)  27.6(105)
Median (Range) 3526-51) 32(053) 29(052) 26(052) 24(0-53) 21 (0-50) 30(0-53)
CFB MADRS-CR
Mean (SD) 001 45(61) 79019 10906 1320107 45115 8107
Median (Range) 0(-5-0) -3(33-12) -1(:37-14) -9 (46-11) C12(47-11)  -14(49-17) -5 (49-17)
9%CFB MADRS-CR
Mean (SD) 004) [127(176) 2327 -308Q72)  3750G02)  412626) 228076
188 263 333 382 139
Median (Range) 0C1390  91(10040 (-100-43.8) (100-36.7) (-100-36.7) (100-51.5) (-100-51.5)

*Observations for unscheduled visits are not included in this table.
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Summary of Model-Predicted Drug Effects on Continuous Safety Outcomes.

40mg 80mg 120 mg
" Exposure®
AUC,; (ng*hr/mL) 1701 3401 5102
" predicted drug effect™ " " "
Pulse rate (beats/min) 715 715 715
Diastolic blood pressure (mmHg) 272 272 272
Systolic blood pressure (mmHg) 283 283 283
* Median exposure in the population that was modeled.

*# Model-predicted change from placebo.
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Comparison of Predicted and Observed Mean Incidence of AE by Median Cy.; on Day 1.

Predicted Observed

24 31 43 24 31 43
Category pho  ngml  ugml  ugml  pho  ngml gl gl
‘nausea 0.66 362 587 120 070 274 6.63
‘vomiting 002 035 076 286 0 033 101 ﬂ
dizziness 028 120 182 369 035 135 170 4.00
‘headache 087 234 312 507 094 212 339 0
urinary hes. (M) 045 252 410 023 0 337 315 0
ED (M) 011 147 310 106 0 142 317 0

Predicted and obscrved values are summarized as the Mean incidence witkin low, edium. and figh ranges of idividual
‘predicted Cmax values from the analysis dataset. “pbo” indicates placebo patients.
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‘Comparison of Predicted and Observed Mean Incidence of AE by Median AUC...

Predicted Observed
1739 2083 479 1739 2083 479

Category pho  ng'hw/mL ng'hr/ml  ng'hrimL _ pho  ng'hr/ml ng*hr/mL _ng*hr/mL
‘nausea 296 49 9 49 244 7 48 109
vomiting 047 41 41 41 052 586 523 285
dizziness 279 704 704 704 278 749 817 543
hyperhidrosis 142 646 646 646 157 651 817 601
constipation 337 518 700 997 279 619 757 124
uinaryhes. M) 231 391 5.67 876 0 703 122 103
ED ) 241 920 920 920 240 615 114 103

Predicted and abscrved values are summarized 25 the Iean icidence wilkin low. Tedium. and high ranges of idividual
predicted AUCss values from the analysis dataset. “pbo” indicates placebo patients
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Placebo F2695 SR SSRI
N=88) N=385 N=75
[CGLS fatigue score
[Baseline, mean = SD 47207 17206 37207
Change at Week 8, mean = SD e Ciee _
Tog 15513 18214 18214
Change at Week 8, mean = SD lee los _
) 16212 19214 19215
[PGLS fatigue score
[Baseline, mean = SD 1808 18208 19208
(Change at Week 8, mean = SD Ciie e _
oy 14215 17215 17215
%“é’f'“w'* 8, mean £ SD S16215 -18215 S19214
CGLS = Clinical Global Impressions—Severity; F2695 = levomiloacipran; LOCE = Lust observation camied forward;

OC = observed cases; PGI-S = Patient Global Impressions-Severity; SD = standard deviation; SR = sustained.

release; SSRI = selective serotonin reuptake inhibitor.
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