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Abstract Vortioxetine is an orally administered small

molecule developed by Lundbeck A/S for the once-daily

treatment of major depressive disorder (MDD) and gen-

eralized anxiety disorder (GAD). Vortioxetine received its

first global approval for MDD in the USA in September

2013 and regulatory approval for its use in this indication

in the EU (where it has received a positive opinion) and

Canada is awaited. The drug is a bis-aryl-sulphanyl amine

compound that combines serotonin (5-HT) reuptake inhi-

bition with other characteristics, including receptor activity

modulation. In vitro studies indicate that vortioxetine is an

inhibitor of the 5-HT transporter and is a 5-HT1D, 5-HT3

and 5-HT7 receptor antagonist, a 5-HT1A receptor agonist

and a 5-HT1B receptor partial agonist. Animal and in vitro

studies indicate that several neurotransmitter systems may

be impacted by vortioxetine, with the drug enhancing

levels of 5-HT, noradrenaline, dopamine, acetylcholine and

histamine in certain areas of the brain, as well as modu-

lating c-aminobutyric acid and glutamate neurotransmis-

sion. Phase III trials of vortioxetine in both MDD and GAD

have been conducted worldwide. This article summarizes

the milestones in the development of vortioxetine leading

to this first approval for MDD.

1 Introduction

Major depressive disorder (MDD) is a disabling mental

illness responsible for almost 66 million disability-adjusted

life-years globally [1]. First-line pharmacological treatment

options typically include selective serotonin reuptake

inhibitors (SSRIs), serotonin noradrenaline reuptake

inhibitors (SNRIs), mirtazapine and bupropion [1]. As

several neurotransmitter pathways may be involved in

MDD, antidepressants possessing two or more comple-

mentary modes of action (i.e. multi-modal) have been a

focus of MDD therapy for some time [2]. One such anti-

depressant is vortioxetine hydrobromide, hereafter referred

to as vortioxetine [2].

In September 2013, vortioxetine was approved as Brin-

tellixTM for the once-daily treatment of adults with MDD in

the USA, with Lundbeck and Takeda anticipating the

launch of the product by the end of 2013 [3, 4]. Vortioxetine

is administered orally at a starting dosage of 10 mg/day,

with the dosage increased to 20 mg/day, as tolerated; 5 mg/

day may be considered if higher dosages are not tolerated

[5]. Dosages [20 mg/day have not been assessed for effi-

cacy or safety in controlled trials. As with other antide-

pressants, vortioxetine carries a boxed warning in the USA

regarding the risk of suicidal thoughts and behaviours with

antidepressants in children, adolescents and young adults

[5]. Takeda filed a new drug application (NDA) with the

USA FDA in October 2012 for the use of vortioxetine to

treat MDD in adults. The FDA accepted the NDA for

review in December 2012 and determined that the appli-

cation was sufficiently complete to permit a substantive
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review. On the FDA’s acceptance of the filing, a milestone

payment of $US50 million was due to Lundbeck from

Takeda [6, 7].

Lundbeck filed a marketing authorization application

(MAA) for vortioxetine in the EU in September 2012

under the centralized procedure, representing the first

centralized filing for an antidepressant agent since 2007.

The MAA was based on data from ten large placebo-

controlled short- and long-term trials (including a study

in elderly patients aged C65 years and a relapse pre-

vention trial) that investigated vortioxetine dosages of 1

to 20 mg/day in patients with MDD. The EMA accepted

the MAA for review [8] and adopted a positive opinion

for vortioxetine in MDD in October 2013 [9]. Lundbeck

filed vortioxetine for approval in Canada for the treat-

ment of MDD in the third quarter of 2012 [10] and

Takeda expects to file an NDA for vortioxetine in Japan

in 2013 [8]. Vortioxetine is also in phase III develop-

ment for the treatment of generalized anxiety disorder

(GAD) and in phase II development for anxiety and

depressive disorders in children and adolescents.

1.1 Company Agreements

Takeda and Lundbeck entered into a strategic alliance to

co-develop and co-commercialise vortioxetine and tedat-

ioxetine in Japan and the USA in September 2007. Lund-

beck received an initial payment of $US40 million and is

eligible for up to $US345 million in development mile-

stones. The two companies will jointly complete product

development, which will be funded primarily by Takeda,

and the companies will share revenue generated in the USA

and Japan. Lundbeck will also be eligible for royalty

payments on Takeda’s share of revenues.

2 Scientific Summary

2.1 Pharmacodynamics

Vortioxetine binds to the human serotonin (5-HT) trans-

porter (SERT) with high affinity (Ki = 1.6 nmol/L) and is a

potent inhibitor of serotonin reuptake (half maximal inhibi-

tory concentration 5.4 nmol/L) [5, 11], whereas its affinity

for transporters of noradrenaline (Ki 113 nmol/L) and

dopamine (Ki [ 1,000 nmol/L) is much lower or negligible

[5]. The drug also has a broad receptor-binding profile,

binding to the 5-HT1A receptor (Ki = 15 nmol/L) where it

acts as an agonist, the 5-HT1B receptor (Ki = 33 nmol/L)

where it acts as a partial agonist, and the 5-HT1D, 5-HT3 and

5-HT7 receptors (Ki = 54, 3.7 and 19 nmol/L, respectively)

where it displays antagonistic properties [5, 11].

Vortioxetine demonstrated SERT occupancy rates of

&50 % at 5 mg/day [5, 12], 53–65 % at 10 mg/day [5, 12,

13] and C80 % at 20 mg/day [5, 12] across several posi-

tron emission tomography studies in humans (following

multiple doses, where specified [12, 13]). These dosages

are recommended for use in patients with MDD [5].
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Chemical structure of vortioxetine hydrobromide

Features and properties of vortioxetine

Alternative names LU AA21004; BrintellixTM

Class Piperazines, small-molecules, sulfides

Mechanism of action Serotonin 5-HT1A receptor agonist, 5-HT1B receptor partial agonist, 5-HT1D, 5-HT3 and 5-HT7 receptor antagonist,

serotonin uptake inhibitor

Route of administration Oral

Pharmacodynamics Increases extracellular levels of serotonin, dopamine, noradrenaline, acetylcholine and histamine in regions of the

brain implicated in depression and modulates c-aminobutyric acid and glutamate neurotransmission in rat studies

Displays antidepressant and anxiolytic properties and improves memory in rodent models

Pharmacokinetics Linear, dose-proportional pharmacokinetics

Most frequent adverse

events

Nausea, constipation, vomiting

ATC codes

WHO N06A (antidepressants)

EphMRA N5B (hypnotics/sedatives), N6A (anti-depressants and mood stabilisers)

Chemical name 1-[2- (2,4-dimethyl-phenylsulfanyl)-phenyl]-piperazine-hydrobromide
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In rats, vortioxetine increased extracellular levels of

serotonin [11, 14–16], dopamine [14–16] and noradrena-

line [14–16], as well as acetylcholine [16, 17] and hista-

mine [17], in regions of the brain implicated in depression,

such as the ventral hippocampus [11, 14–16] and prefrontal

cortex (PFC) [11, 14–17]. Increases in serotonin, but not

dopamine or noradrenaline, were also seen with vortioxe-

tine in the rat nucleus accumbens [14].

According to additional studies in rats, recovery of 5-HT

neuronal firing in the dorsal raphe nucleus may be faster

with vortioxetine than with fluoxetine [18, 19], although

vortioxetine, unlike SSRIs/SNRIs, may not affect dopa-

mine or noradrenaline neuronal firing in the ventral teg-

mentum or locus coeruleus, respectively [18]. Another rat

study found no effect of vortioxetine on ventral tegmentum

dopamine neuronal firing, although noradrenaline neuronal

firing in the locus coeruleus was significantly, albeit

slightly, inhibited by the drug (maximal inhibition &20 %)

[14].

The discharge rate of PFC pyramidal neurons was

increased with vortioxetine in rats [20] and 5-HT-induced

spontaneous inhibitory post-synaptic currents in these

neurons were blocked with vortioxetine in vitro [21].

Pyramidal neurons are controlled by c-aminobutyric acid

(GABA)ergic interneurons, and rat studies suggest that

vortioxetine may modulate GABA and glutamate neuro-

transmission [22]. Indeed, in rats receiving vortioxetine,

metabotropic glutamate receptor mRNA levels were

increased in the PFC, as were levels of mRNA encoding

other proteins involved in neuroplasticity in this brain

region, namely mammalian target of rapamycin and

spinophilin [23].

Antidepressant and anxiolytic effects have been seen

with vortioxetine in various rodent models of depression

and anxiety, including forced swimming [15, 16, 18, 24,

25], novelty suppressed feeding [24], tail suspension [16]

and social interaction and conditioned fear tests [15, 16].

Vortioxetine displayed neurogenic effects within the hip-

pocampus of rodents [24, 26], a property which may be

associated with antidepressant action.

Results from additional animal models suggest vorti-

oxetine may also improve measures of cognitive function,

such as memory [17, 18, 26–28]. In healthy volunteers,

single or repeated administration of vortioxetine 10 mg did

not impair cognitive function, psychomotor performance or

driving ability in a placebo-controlled study; these func-

tions were generally impaired by a single dose of mirt-

azapine 30 mg, although impairments tended to resolve

with repeated administration [29].

No concerns regarding cardiac repolarization were

raised following 14 days’ treatment with vortioxetine 10 or

40 mg/day in healthy volunteers in a placebo- and

moxifloxacin-controlled thorough QT study [30]. There

was also no impact of vortioxetine on gastric emptying

time in another healthy volunteer study, although small

intestinal transit and colon arrival times were reduced [31].

2.2 Pharmacokinetics

Vortioxetine displays linear dose-proportional pharmaco-

kinetics following once-daily administration of 2.5–60 mg

doses and typically reaches steady state in the plasma

within 2 weeks [5]. Vortioxetine has a mean maximum

plasma concentration (Cmax) at steady state of 9, 18 and

33 ng/mL after administration of 5, 10 or 20 mg/day,

respectively, and its Cmax is reached within 7–11 h [5].

Administration of vortioxetine to healthy volunteers in the

fed or fasted state resulted in bioequivalent exposure,

indicating no food effect [32]. The absolute bioavailability

of the drug is 75 % [5, 33].

Vortioxetine is highly (98 %) plasma protein bound

independent of concentration and is extensively distributed

into the extravascular compartment, with an apparent vol-

ume of distribution of &2,600 L [5].

Vortioxetine undergoes extensive metabolism, predom-

inantly via oxidation and glucuronidation [5, 34]. Oxida-

tion of the drug occurs via several cytochrome P450 (CYP)

enzymes, including CYP3A4/5, CYP2C19, CYP2C9,

CYP2A6, CYP2C8, CYP2B6 and CYP2D6 [5, 35], with

CYP2D6 being key in the production of the major (but

inactive) carboxylic acid metabolite of vortioxetine [5].

Elimination of vortioxetine was mainly via the urine

(&59 %) and faeces (&26 %) following oral administra-

tion of a single radiolabelled dose of the drug, with neg-

ligible amounts being excreted in the urine as unchanged

drug over a period of up to 48 h [5]. Vortioxetine has a

mean terminal half-life of &66 h [5].

Exposure to vortioxetine does not appear to be altered to

any clinically relevant extent by age [5, 36], gender [5, 33,

36], race [5, 36], renal impairment (mild, moderate, severe

or end-stage renal disease) or mild or moderate hepatic

impairment [5]; no dosage adjustments are required on the

basis of these factors [5]. Vortioxetine is not recommended

for use in patients with severe hepatic impairment, as no

studies have been conducted in this population [5]. Plasma

concentrations of the drug are approximately twice as high

in poor CYP2D6 metabolizers than in extensive CYP2D6

metabolizers; 10 mg/day is the maximum dosage recom-

mended for known poor CYP2D6 metabolizers [5].

2.2.1 Potential Drug Interactions

Exposure to vortioxetine in healthy volunteers increased

upon coadministration with the CYP2D6 inhibitor
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bupropion (Cmax and AUC by 114 and 128 %), the

CYP2C9/CYP2C19/CYP3A inhibitor fluconazole (by 15

and 46 %) and the CYP3A/permeability glycoprotein (p-

gp) inhibitor ketoconazole (by 26 and 30 %), yet was not

markedly altered by the CYP2C19 inhibitor omeprazole

[37]. The vortioxetine dosage should be halved when co-

administered with strong CYP2D6 inhibitors, such as bu-

propion, paroxetine, quinidine or fluoxetine [5].

Decreases in vortioxetine exposure (Cmax by 51 %,

AUC by 72 %) were observed upon coadministration of the

drug with the strong CYP inducer rifampicin in healthy

volunteers [37]. An increase in the dosage of vortioxetine

should be considered when coadministering vortioxetine

with rifampicin or other strong inducers of CYP enzymes,

such as carbamazepine or phenytoin, for [14 days; the

maximum dosage should be no greater than three times the

original dosage [5].

According to in vitro data, vortioxetine is not likely to

inhibit CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9,

CYP2C19, CYP2D6, CYP2E1, CYP3A4/5 or p-gp, and

does not induce the activity of CYP1A2, CYP2A6,

CYP2B6, CYP2C8, CYP2C9, CYP2C19 or CYP3A4/5 [5].

In clinical studies, the pharmacokinetics of agents metab-

olized by CYP3A (e.g. ethinyl estradiol, levonorgestrel),

CYP2B6 (e.g. bupropion), CYP2C9 (e.g. warfarin) or

CYP2C19 (e.g. diazepam, omeprazole) were not affected

to any clinically meaningful extent by vortioxetine coad-

ministration [5, 37]. No dosage adjustments are required

for substrates of CYP1A2, CYP2A6, CYP2B6, CYP2C8,

CYP2C9, CYP2C19, CYP2D6, CYP3A4/5 or p-gp upon

coadministration with vortioxetine [5].

The steady-state pharmacokinetics of lithium were not

affected by vortioxetine coadministration in healthy volun-

teers [38]; consequently the dosage of lithium does not

require adjustment [5]. Alcohol-related impairment of

mental and motor skills is not increased with vortioxetine [5].

Coadministration of vortioxetine with another highly

protein-bound drug may increase the free concentration of

that drug [5]. However, there were no significant changes

in the steady-state pharmacokinetics or pharmacodynamics

of warfarin (which is highly protein bound) when coad-

ministered with vortioxetine in healthy volunteers [39]; no

adjustment of warfarin dosage is necessary [5]. Aspirin can

also be coadministered with vortioxetine without dosage

adjustment, as aspirin pharmacokinetics, salicylic acid

pharmacokinetics and platelet aggregation were not sig-

nificantly inhibited when vortioxetine was taken with

aspirin [5]. Careful monitoring is advised when initiating or

discontinuing vortioxetine in patients receiving other drugs

that interfere with haemostasis [5]. Moreover, as the risk of

abnormal bleeding may be increased by serotonergic drugs,

patients receiving vortioxetine in combination with aspirin,

NSAIDs, or other agents that may affect coagulation

should be cautioned of this risk [5].

Given its mechanism of action and the serotonin toxicity

potential, individuals taking vortioxetine in combination

with serotonergic agents, such as SSRIs, SNRIs, tramadol,

triptans, buspirone or tryptophan products, may develop

serotonin syndrome; close monitoring for symptoms of the

syndrome is advised if coadministering vortioxetine with

these agents, with immediate treatment discontinuation if

the syndrome occurs [5]. Monoamine oxidase inhibitors

(MAOIs) are contraindicated for use in combination with

vortioxetine or within 21 days of discontinuing vortioxe-

tine, owing to an increased likelihood of developing sero-

tonin syndrome; vortioxetine is also contraindicated for use

within 14 days of discontinuing an MAOI [5].

2.3 Therapeutic Trials

2.3.1 Major Depressive Disorder

2.3.1.1 Phase III Trials Vortioxetine 10 mg/day reduced

(i.e. improved) 24-item Hamilton Depression Rating Scale

(HAM-D24) scores to a significantly greater extent than

placebo over 8 weeks’ therapy (mean change from baseline

of -16.2 vs. -11.3; p \ 0.001) [primary endpoint ana-

lysis] in a randomized, double-blind trial in 560 adults with

MDD (NCT00735709) [40]. However, as there was no

significant difference between these groups in overall

functioning (measured by Sheehan Disability Scale [SDS]

total score), subsequent measures of depression (Mont-

gomery-Asberg Depression Rating Scale [MADRS] total

scores), as well as global improvement (Clinical Global

Impressions-Global Improvement [CGI-I] scale scores),

were considered not to differ significantly between the

groups because of hierarchical testing, despite nominal

p-values of \0.001 in favour of vortioxetine. Other vorti-

oxetine dosages evaluated in this study (5 and 1 mg/day)

also demonstrated improvements in these measures relative

to placebo (nominal p \ 0.001), with the exception of SDS

score.

When similar dosages of vortioxetine were assessed in

adults with MDD in another randomized, double-blind trial

(n = 776) [NCT00635219] [41], neither 10, 5 nor 2.5 mg/

day differed significantly from placebo in terms of the

change from baseline in MADRS total score after 8 weeks’

therapy (primary endpoint) [respective mean differences

vs. placebo were -1.5, -1.7 and -1.4], although the

lowest dosage was not expected to have any clinically

relevant benefit. However, as there was also no significant

difference between placebo and the active reference (dul-

oxetine 60 mg/day) for this measure of depression, this

trial was considered ‘failed’.
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In a similarly designed trial conducted in 611 adults

with MDD (NCT00672620) [42], vortioxetine at dosages

of 5 or 2.5 mg/day had no significant antidepressant benefit

over placebo, as measured by the mean change from

baseline in HAM-D24 total scores after 8 weeks (-11.1 and

-12.0 vs. -10.5) [primary endpoint]. Nonsignificant dif-

ferences between the vortioxetine and placebo groups were

also seen for secondary outcome measures, such as CGI-I

scores and SDS total scores. Duloxetine 60 mg/day

(included as the active reference) was associated with

significant (p \ 0.05 vs. placebo) improvements in both

primary and secondary efficacy endpoints.

Likewise, vortioxetine 5 mg/day did not improve the

symptoms of depression in adults with MDD to any sig-

nificantly greater extent than placebo in another large

(n = 600) randomized, double-blind trial (NCT00672958)

[43], as measured by several endpoints, including the mean

change from baseline in HAM-D24 total score after

6 weeks’ treatment (-14.6 vs. -13.9) and after each week

of treatment (coprimary endpoints).

Benefit was demonstrated with vortioxetine 5 mg/day in

elderly patients (aged C65 years) with recurrent MDD in

another phase III study (NCT00811252) [44]. Over

8 weeks, vortioxetine significantly improved HAM-D24

scores relative to placebo (mean changes from baseline

were -13.7 vs. -10.3; p = 0.0011) [primary endpoint].

The drug was also associated with significant (p \ 0.05 vs.

placebo) improvements in other measures of depression

(MADRS scores), as well as anxiety (Hamilton Anxiety

Rating Scale [HAM-A] scores) and cognition tests assess-

ing verbal learning, processing speed and memory (Digit

Symbol Substitution Test and Rey Auditory Verbal

Learning Test; analyses were predefined but exploratory).

The active reference agent (duloxetine 60 mg/day) pro-

vided significant (p \ 0.01) benefit over placebo for most

of these outcomes, including the primary endpoint. This

double-blind trial included 452 patients with a current

major depressive episode (MDE) lasting C4 weeks who

had had at least one MDE before age 60 years.

Several phase III trials have also evaluated the efficacy

of higher dosages of vortioxetine (15 or 20 mg/day) in

adults with MDD [45–49]. In one such study

(NCT01179516) [45], vortioxetine 10 or 15 mg/day had no

significant benefit over placebo in terms of the mean

change from baseline in MADRS total score at 8 weeks

(-13.7 and -13.4 vs. -12.9) [primary endpoint]. This

double-blind trial included 469 randomized patients.

In a similarly designed study in 462 patients

(NCT01163266) [46], vortioxetine 20 mg/day, but not

10 mg/day, significantly (p = 0.002) reduced depressive

symptoms relative to placebo after 8 weeks’ therapy, as

measured by the mean change from baseline in MADRS

total score (-14 and -13 vs. -11) [primary endpoint]. The

20 mg/day dosage was also significantly (p \ 0.05) more

effective than placebo in terms of anxiety (HAM-A), global

improvement (CGI-I) and overall functioning (SDS)

endpoints.

In another trial (n = 614) [NCT01153009] [47], vorti-

oxetine 20 mg/day, but not 15 mg/day, improved symp-

toms of depression to a significantly (p = 0.023) greater

extent than placebo over 8 weeks, as indicated by the mean

change from baseline in MADRS total score (-15.6 and

-14.3 vs. -12.8) [primary endpoint]. The sensitivity of

this double-blind study was confirmed by a duloxetine

60 mg/day active reference arm, which displayed signifi-

cant (p \ 0.001) benefit over placebo for this endpoint.

However, in a similarly designed trial (n = 608)

[NCT01140906] [49], vortioxetine dosages of 15 and

20 mg/day each demonstrated significant (p \ 0.0001)

benefit over placebo in terms of improving depressive

symptoms, with the mean change from baseline in MADRS

total score after 8 weeks (primary endpoint) differing from

placebo by a mean of -5.5 and -7.1 in the respective

vortioxetine groups. Significant (p \ 0.0001) separation of

the duloxetine 60 mg/day reference group from the placebo

group for this endpoint confirmed the sensitivity of the

study.

Vortioxetine (n = 252) is more effective than agomel-

atine (n = 241) in treating adults with MDD who have

previously responded inadequately to SSRI or SNRI ther-

apy, according to the results of a phase III trial

(NCT01488071) [48]. The primary endpoint was the

change from baseline in MADRS total score at week 8, for

which vortioxetine recipients had a significant (p \ 0.05)

2.2-point difference versus agomelatine recipients. From

week 4 onwards, between-group differences significantly

(p \ 0.05) favoured vortioxetine for this measure, as well

as measures of anxiety (HAM-A scores), symptom severity

(Clinical Global Impressions-Severity of Illness scale

[CGI-S] scores), global improvement (CGI-I scores) and

overall functioning (SDS scores). Patients in this trial

received 12 weeks of double-blind treatment with vorti-

oxetine (10–20 mg/day) or agomelatine (25–50 mg/day).

Vortioxetine was also effective in preventing relapse in

adults with MDD in a phase III study (NCT00596817)

[50]. Of the 396 patients in stable remission (MADRS

score B10 at both week 10 and week 12) following

12 weeks of open-label vortioxetine, those subsequently

randomized to vortioxetine (5 or 10 mg/day) had a sig-

nificantly (p = 0.0035) longer time to relapse over the first

24 weeks of the 24- to 64-week double-blind relapse pre-

vention period than those randomized to placebo (hazard

ratio [HR] 2.01; 95 % CI 1.26–3.21) [primary endpoint];

significantly fewer vortioxetine than placebo recipients

experienced relapse (13 vs. 26 %; p = 0.0013). Patients

received vortioxetine 5 mg/day for the first week of the
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open-label period then 5 or 10 mg/day to week 8, with the

dosage remaining fixed thereafter; those randomized to the

drug for the double-blind period continued on the same

dosage fixed at week 8.

Longer term, vortioxetine appeared to provide benefit

for up to 52 weeks’ therapy in adults with MDD, according

to an open-label extension (NCT00694304) [51] that

included 535 patients who had completed an 8-week dou-

ble-blind, placebo-controlled, duloxetine-referenced study

(NCT00635219) [41]. For instance, after 52 weeks’ treat-

ment, mean MADRS total scores had decreased (i.e.

improved) by &8 points (from 13.5 at extension entry to

5.5) and most patients had achieved a response (C50 %

reduction from baseline in MADRS total score) or were in

remission (MADRS total score B10) [94.2 and 83.0 % of

patients (observed cases); 84.3 and 71.2 % of patients

when last observation was carried forward (LOCF)]. The

crude relapse rate was \10 % for patients in remission at

the start of the study. All patients received vortioxetine

5 mg/day for the first week of the extension, after which

dosage modification (to 10 or 2.5 mg/day) was permitted.

Similar findings were reported with the same vortioxe-

tine dosage regimen in a larger 52-week open-label

extension study (NCT00707980) [52] that enrolled 836

patients who had completed one of two prior short-term

MDD trials (NCT00672620 or NCT00735709). At week

52, mean HAM-D24 total scores had decreased from 17.6 at

the start of the extension to 8.2, and improvements in other

measures, such as MADRS and HAM-A total scores, were

also observed. More than half of patients had achieved a

response (C50 % decrease in HAM-D24 score) [60.2 % of

patients (observed cases); 51.0 % with LOCF] or were in

remission (17-item HAM-D total score B7) [61.7 % of

patients (observed cases); 55.6 % with LOCF] at the

52-week timepoint.

Long-term benefit was also demonstrated with higher

dosages of vortioxetine in an open-label extension

(NCT01323478) [53] of an 8-week trial (NCT01140906).

The mean MADRS total score decreased from 16.2 at the

start of the extension to 5.0 at week 52 and most patients

had responded or were in remission at the 52-week time-

point (93.6 and 80.9 %). The vortioxetine dosage was fixed

at 10 mg/day for the first week of the extension, after

which it was flexible (15 or 20 mg/day); 71 patients

entered the extension.

2.3.1.2 Phase II Trials Vortioxetine was effective in

reducing symptoms of depression in adults with MDD in a

phase II study (NCT00839423) [54]. After 6 weeks’

treatment, MADRS total scores were improved to a sig-

nificantly (p \ 0.0001) greater extent with each of the

vortioxetine dosages evaluated (5 or 10 mg/day) than with

placebo (mean changes from baseline were -20.4 and

-20.2 vs. -14.5) [primary endpoint]. Vortioxetine also

provided significant (p \ 0.01 vs. placebo) improvements

in anxiety, as measured by HAM-A total scores. Significant

(p \ 0.01) benefit over placebo was also demonstrated for

these endpoints with the active reference, venlafaxine

extended-release 225 mg/day. A total of 429 patients were

randomized in this double-blind fixed-dose trial; the data

and p-values presented here are from an analysis of

covariance with LOCF.

The beneficial effects of vortioxetine on depressive

symptoms were maintained during longer-term treatment

in an extension of this study (NCT00761306) [55]. Mean

MADRS total scores improved from 10.7 at extension

entry to 5.3 at week 52 and most patients had achieved a

response (93 %) or were in remission (82 %) at the

52-week timepoint. All patients (n = 74) received open-

label vortioxetine 10 mg/day for the first week of the

extension, after which the dosage was flexible (5 or 10 mg/

day).

2.3.2 Generalized Anxiety Disorder

Vortioxetine was effective in reducing symptoms of anxi-

ety in adults with GAD in a phase III trial (NCT00744627)

[56]. HAM-A total scores were reduced (i.e. improved) to a

significantly greater extent with vortioxetine 5 mg/day

(n = 150) than with placebo (n = 151) after 8 weeks of

treatment in this randomized, double-blind study (mean

changes from baseline were -14.3 vs. -10.5) [primary

endpoint]. Vortioxetine was also significantly (p \ 0.05)

more effective than placebo with regard to key secondary

endpoints, including those assessing global improvement

(CGI-I score) and overall and social functioning (SDS total

score and Short Form-36 social functioning subscore,

respectively).

However, in a similarly designed phase III study

(NCT00734071) in 304 adults with GAD [57], vortioxetine

5 mg/day had no significant benefit over placebo after

8 weeks’ therapy in terms of the primary endpoint (mean

change from baseline in HAM-A total scores; -12.6 vs.

-13.2) or any key secondary endpoints.

Vortioxetine was effective in reducing the risk of relapse

in adults with GAD in a phase III study (NCT00788034)

[58]. Of the 459 patients who achieved a stable response

(HAM-A total score B10 at week 16 and 20) after

receiving 20 weeks of open-label vortioxetine, those sub-

sequently randomized to continue receiving vortioxetine

(n = 229) had significant benefit over those randomized to

placebo (n = 230) in terms of time to relapse during the

24- to 56-week double-blind period, with placebo recipi-

ents being almost 3-fold more likely to experience relapse

(HR 2.71; 95 % CI 1.80–4.07; p \ 0.0001) [primary end-

point]. During the open-label period, patients received
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Key clinical trials of vortioxetine

Drugs Phase Status Location Trial identifier(s) Company

Major depressive disorder

Vortioxetine vs. agomelatine III Completed Multinational NCT01488071 (EudraCT2011-002362-21;

14178A)

Lundbeck

A/S

Vortioxetine vs. placebo III Completed Multinational NCT01422213 (EudraCT2011-001572-19;

14122A)

Lundbeck

A/S

Vortioxetine III Completed Multinational NCT01323478 (EudraCT2010-024198-38;

13267B)

Lundbeck

A/S

Vortioxetine vs. placebo;

duloxetine referenced

III Completed Multinational NCT01140906 (EudraCT2009-017523-26;

13267A)

Lundbeck

A/S

Vortioxetine vs. placebo III Completed USA NCT01163266 (LuAA21004_316; U1111-1115-

8770)

Takeda

Vortioxetine vs. placebo;

duloxetine referenced

III Completed USA NCT01153009 (LuAA21004_315; U1111-1114-

8191)

Takeda

Vortioxetine vs. placebo III Completed USA NCT01179516 (LuAA21004_317; U1111-1116-

3223; SU-06032011-7846)

Takeda

Vortioxetine III Completed USA NCT01152996 (LuAA21004_314; U1111-1115-

4927)

Takeda

Vortioxetine III Completed Multinational NCT00694304 (EudraCT2007-004992-21;

11984B)

Lundbeck

A/S

Vortioxetine III Completed Multinational NCT00707980 (LuAA21004_301;

EudraCT2008-001581-91; U1111-1113-9564)

Takeda,

Lundbeck

A/S

Vortioxetine vs. placebo;

duloxetine referenced

III Completed USA NCT00672620 (LuAA21004_304; U1111-1114-

3497)

Takeda,

Lundbeck

A/S

Vortioxetine vs. placebo III Completed USA, Canada,

Mexico

NCT00672958 (LuAA21004_303; U1111-1114-

2328)

Takeda,

Lundbeck

A/S

Vortioxetine vs. placebo;

duloxetine referenced

III Completed Multinational NCT00811252 (EudraCT2008-002901-38;

12541A)

Lundbeck

A/S

Vortioxetine vs. placebo III Completed Multinational NCT00735709 (LuAA21004_305;

EudraCT2008-001580-11; U1111-1114-0326)

Takeda,

Lundbeck

A/S

Vortioxetine vs. placebo;

duloxetine referenced

III Completed Multinational NCT00635219 (EudraCT2007-001870-95;

11984A)

Lundbeck

A/S

Vortioxetine vs. placebo III Completed Japan NCT01355081 (LuAA21004/CCT-003; U1111-

1120-9277; JapicCTI-111492)

Takeda

Vortioxetine vs. placebo III Completed Multinational NCT00596817 (EudraCT2007-001871-13;

11985A)

Lundbeck

A/S

Vortioxetine vs. venlafaxine III Recruiting China, Taiwan, South

Korea, Thailand

NCT01571453 (13926A) Lundbeck

A/S

Vortioxetine III Completed Japan NCT01395147 (LuAA21004/OCT-001;

JapicCTI-111530; U1111-1122-3910)

[extension of NCT01355081]

Takeda

Vortioxetine vs. placebo II/III Completed Multinational NCT01255787 (EudraCT2010-022257-41;

LuAA21004/CCT-002; U1111-1117-6595;

JapicCTI-101344; CTRI/2011/08/001963)

Takeda

Vortioxetine vs. placebo;

venlafaxine referenced

II Completed Multinational NCT00839423 (EudraCT2006-001515-29;

11492A)

Lundbeck

A/S

Vortioxetine II Completed Multinational NCT00761306 (11492C; 2007-000905-31) Lundbeck

A/S

Vortioxetine vs. placebo;

duloxetine referenced

II Recruiting Multinational NCT01564862 (LuAA21004_202;

EudraCT2011-005298-22; U1111-1126-0091)

Takeda

Vortioxetine vs.

escitalopram

III Ongoing USA, Canada NCT01364649 (LuAA21004_318; U1111-1120-

3483)

Takeda
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vortioxetine 5 mg/day for the first week then 5 or 10 mg/

day to week 8, with the dosage remaining fixed thereafter;

those randomized to the drug for the double-blind period

continued on the same dosage fixed at week 8.

2.4 Adverse Events

2.4.1 Major Depressive Disorder

Treatment with vortioxetine (1–20 mg/day) for 6–8

weeks was generally well tolerated by patients with

MDD, including elderly patients [44], in phase II [54]

or III [40–47] studies. In a pooled analysis of placebo-

controlled trials of 6- to 8-weeks’ duration, the adverse

events that occurred most frequently with vortioxetine

(at the recommended dosages of 5–20 mg/day) and with

an incidence at least twice that of placebo were nausea,

constipation and vomiting [5]. Some patients who

abruptly discontinue vortioxetine 15 or 20 mg/day may

experience symptoms such as mood swings, sudden

outburst of anger, headache, dizziness, muscle tension

or runny nose within the first week post discontinuation

[5].

In the 12-week phase III trial comparing vortioxetine

(10–20 mg/day) with agomelatine (25–50 mg/day) in

adults with MDD who had responded inadequately to SSRI

or SNRI therapy previously (NCT01488071), adverse

events were consistent with those of other phase III studies,

with the most common (incidence [10 % in either group)

being nausea (16.2 vs. 9.1 %), headache (10.3 vs. 13.2 %)

and dizziness (7.1 vs. 11.6 %). Fewer than 10 % of patients

withdrew from therapy in the respective groups (5.9 vs.

9.5 %) [48, 59].

The longer-term tolerability profile of vortioxetine in

adults with MDD was generally similar, according to a

relapse prevention study (NCT00596817) [50]. Over

24 weeks of the double-blind phase (which followed a

12-week acute treatment period), adverse events occurred

in 62.3 % of vortioxetine (5 or 10 mg/day) and 63.5 % of

placebo recipients and were serious in seven and four

recipients. Among the most frequently reported adverse

events, only nausea occurred with a significantly greater

incidence with vortioxetine than with placebo (8.8 vs.

3.1 %; p \ 0.05). Three vortioxetine and two placebo

recipients reported adverse events related to sexual dys-

function and no mean changes of clinical relevance were

seen in vital signs, bodyweight or laboratory or ECG

measurements.

Tolerability data from three 52-week, open-label,

extension studies (NCT00694304 [51], NCT00707980 [52]

and NCT01323478 [53]) were consistent with these find-

ings. Across these studies, 70.6–78.9 % of patients expe-

rienced adverse events with vortioxetine (2.5–20 mg/day),

the most frequent (incidence[10 %) being nausea (19.8 %

[51] and 15.2 % [52], where specified) [53], headache

(15.3 % [51] and 12.4 % [52]) [53], nasopharyngitis

(10.5 % [51]) [53] and dizziness [53]; where reported,

sexual dysfunction adverse events were uncommon (8 [51]

or 18 [52] events occurred). Serious adverse events

occurred in 18 [51] and 29 [52] patients, with those con-

sidered to be vortioxetine related including left hemi-

spheric ischaemic stroke, tachycardia (paroxysmal and

continued

Drugs Phase Status Location Trial identifier(s) Company

Generalized anxiety disorder

Vortioxetine vs. placebo III Completed Multinational NCT00744627 Takeda,

Lundbeck

A/S

Vortioxetine vs. placebo III Completed Multinational NCT00788034 Lundbeck

A/S

Vortioxetine vs. placebo;

duloxetine referenced

III Completed USA NCT00730691 Takeda,

Lundbeck

A/S

Vortioxetine vs. placebo III Completed USA NCT00731120 Takeda,

Lundbeck

A/S

Vortioxetine vs. placebo III Completed USA NCT00734071 Takeda,

Lundbeck

A/S

Anxiety or depressive disorders

Vortioxetine II Recruiting USA, Germany NCT01491035 Lundbeck

A/S
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supraventricular), depression and major depression [52].

There were no clinical concerns regarding vital signs [51–

53], physical examinations (e.g. bodyweight [51]) [52],

ECG measurements [51–53] or laboratory parameters [51–

53].

An open-label phase II extension study of the same

duration (NCT00761306) reported similar findings, with

nausea and headache being the most frequent adverse

events (incidence [10 %) with vortioxetine (5 or 10 mg/

day) [55].

2.4.2 Generalized Anxiety Disorder

Vortioxetine 5 mg/day was generally well tolerated in

adults with GAD in two large 8-week trials (NCT00734071

[57] and NCT00744627 [56]), with most adverse events

being mild or moderate in severity. The adverse events that

occurred most frequently and in C4 % more vortioxetine

than placebo recipients were nausea (25.0 vs. 4.6 % [57];

12.0 vs. 6.0 % [56]), dry mouth (8.1 vs. 3.3 %) [57], diz-

ziness (8.1 vs. 3.3 %) [57] and somnolence (6.1 vs. 2.0)

[57]. In one of the studies [56], nausea and dizziness were

considered to be related to treatment, as was headache.

Across trials, only one serious adverse event occurred

among vortioxetine recipients (which was not considered

to be related to therapy) [57] and sexual adverse events

were uncommon (incidence \1 %) [56].

Vortioxetine remained generally well tolerated in adults

with GAD in the longer term, according to a relapse pre-

vention study (NCT00788034) [58]. Over 24 weeks of the

double-blind phase (which was subsequent to a 20-week

acute treatment period), adverse events occurred in around

half of vortioxetine (5 or 10 mg/day) and placebo recipi-

ents, although were rarely serious (three and one patients,

respectively). The only adverse events reported in signifi-

cantly (p \ 0.05) more vortioxetine than placebo recipients

were influenza (12.2 vs. 6.1 %) and accidental overdose

(5.2 vs. 1.3 %). One patient in each group reported a sexual

dysfunction event (decreased libido).

2.5 Ongoing Clinical Trials

A phase III trial (NCT01571453) comparing vortioxetine

with extended-release venlafaxine in the treatment of

adults with MDD in China, Taiwan, South Korea and

Thailand is currently recruiting an estimated 410 patients.

Patient recruitment is also underway for a placebo-con-

trolled, duloxetine-referenced, phase II trial evaluating the

effects of vortioxetine on cognitive dysfunction in adults

with MDD (NCT01564862); an estimated 600 patients will

be enrolled in this multinational trial.

Patients are being recruited into a phase II trial

(NCT01491035) to assess the pharmacokinetics and

tolerability of vortioxetine in an estimated 48 children and

adolescents with anxiety or depressive disorders.

The effects of vortioxetine and escitalopram on sexual

functioning are currently being compared in an ongoing

phase III trial in adults with MDD experiencing SSRI-

induced sexual dysfunction (NCT01364649); an estimated

440 patients were to be enrolled.

3 Current Status

Vortioxetine received its first global approval on the 30th

September 2013 for the treatment of MDD in the USA.
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