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Mental illness accounts for 7.4% of the total disease burden 
worldwide—more than HIV/AIDS, tuberculosis, or diabetes—
making it the leading cause of years lost to disability.1 Depressive 
disorders make up 40.5% of that disability, the most of all mental 
illnesses. Despite the devastating global effects of depression, a 
report on approval trends by the US Food and Drug Administration 
(FDA) found that new molecular entities (NMEs) approved for 
targeting psychiatric illness peaked in the 1960s and have been 
declining since.2 Indeed, of the 27 NMEs approved by the FDA 
in 2013, only 1 had psychiatric indications,3 highlighting the slow 
pace of psychiatric drug discovery.4 Despite this, recent progress 
has been made. In this article, our aim is to (1) describe recently 
FDA-approved medications for major depressive disorder (MDD), 
as well as adjunctive therapies studied during the period 2013 to 
2014 (study completion, publication, or meeting reports), and (2) 
discuss the current trends in novel antidepressant therapies.

Update on the Recently Approved  
Medications for Depression

Vortioxetine. Approved by the FDA in 2013 for treatment of 
MDD, vortioxetine is believed to exert its novel mechanism of 
action by combining direct serotonin receptor modulation with 
serotonin transporter inhibition. A recent review of both preclinical 
and clinical data5 suggests that vortioxetine may interrupt negative 
feedback mechanisms that control neuronal activity in brain areas 
implicated in MDD (ie, the dorsal and median raphe nuclei and 
the prefrontal cortex). Pearce and Murphy6 recently reviewed the 
clinical efficacy data from 10 short-term (6–8 weeks), 1 relapse-
prevention, and 3 long-term extension trials of vortioxetine, 
with doses ranging from 2.5–20 mg/d. Several of these trials 
demonstrated significant antidepressant efficacy for vortioxetine 
compared to placebo at doses of 5, 10, and 20 mg.6 Compared to 
placebo, vortioxetine has also been shown to have positive effects 
on various measures of cognitive functioning, including executive 
functioning, in younger and older depressed patients.7,8 This is 
novel for antidepressants; duloxetine did not separate from placebo 
on executive functioning in 1 study.7 In addition, vortioxetine may 
offer an advantage due to its long half-life, as this permits once-
daily dosing and decreases the risk of withdrawal symptoms.6 
Although vortioxetine is associated with significantly increased 
sexual dysfunction at the 20-mg dosage compared to placebo, it 
has been shown to be superior to resolving previous treatment-
emergent sexual side effects upon switch compared to the selective 
serotonin reuptake inhibitor (SSRI) escitalopram.9,10

Levomilnacipran. Levomilnacipran, the fifth agent in the 
serotonin-norepinephrine reuptake inhibitor (SNRI) class, was 
approved by the FDA in 2013. It is the more potent enantiomer 
of milnacipran, a medication currently approved for treating 
fibromyalgia in the United States (and depression in the European 
Union). Unlike the other “dual-action” agents, levomilnacipran is 
more potent in blocking uptake of norepinephrine than serotonin, 
although the latter effects increase with ascending doses. An analysis 
of pooled data from 5 randomized, double-blind, placebo-controlled 

studies (N = 2,598) found that patients receiving levomilnacipran 
extended-release (40–120 mg/d) had significantly greater decreases 
in Montgomery-Asberg Depression Rating Scale (MADRS) 
scores (−15.8 vs −12.9, respectively, P < .001) than those receiving 
placebo.11 Another pooled analysis found significant improvements 
in psychosocial functioning with levomilnacipran versus placebo.12 
Although it appears to have a favorable weight gain profile versus 
placebo, levomilnacipram has been associated with increases in 
blood pressure and heart rate, underscoring the need to control 
and monitor cardiovascular health.13 Indeed, serotonin reuptake 
inhibitor comparator studies are lacking, rendering it difficult to 
contrast any potential advantages of this agent versus other SNRIs 
or SSRIs.

Adjunctive/Augmentation Strategies
Lisdexamfetamine dimesylate augmentation of escitalopram. 

Lisdexamfetamine dimesylate (LDX) is an inactive prodrug that 
is metabolized to dextroamphetamine and is approved in the 
United States for the treatment of attention-deficit/hyperactivity 
disorder. In unremitted depressed patients (n = 129) and remitted 
patients with residual symptoms (n = 173) taking escitalopram (20 
mg/d), Trivedi and colleagues14 examined the efficacy and safety 
of LDX augmentation (20–50 mg/d). Although trends were noted 
favoring LDX, none of the differences in change scores or remission 
were significant at P < .05, although over 90% of their sample had 
anxious depression, a traditionally difficult-to-treat subtype.15 
Subsequent phase 3 trials (N = 830) of similar design found that 
reductions in MADRS scores following LDX augmentation did 
not differ significantly from those seen in placebo groups (trial 1: 
−6.1 vs −6.3, respectively; P = .88; trial 2: −7.3 vs −6.8, respectively; 
P = .58). Given the disappointing results, development of LDX for 
depression was discontinued.16

Edivoxetine augmentation of SSRIs. A 10-week randomized, 
double-blind, placebo-controlled phase 2 trial17 examined the 
efficacy and tolerability of edivoxetine (LY2216684), a highly 
selective norepinephrine reuptake inhibitor, as adjunctive therapy 
(6–18 mg/d) in partial SSRI responders with MDD (N = 131). 
The edivoxetine group had significantly higher rates of remission 
compared to the placebo group (24.2% vs 11.8%, respectively; 
P = .044) when analyzed with the last-observation-carried-forward 
approach. Unfortunately, 3 subsequent phase 3 trials completed by 
Eli Lilly failed to show efficacy for adjunctive edivoxetine, thereby 
halting its further development for MDD.18

Dexmecamylamine augmentation of SSRIs/SNRIs. Depression 
has been associated with a hypercholinergic state in some cases.19 
Indeed, the antimuscarinic drug scopolamine has been shown to 
decrease symptoms of depression in treatment-resistant patients.20 
The hypercholinergic state of depression may also be partially 
mediated through excessive neuronal nicotinic receptor activation.21 
Mecamylamine, an antagonist of the neuronal nicotinic receptor, 
was found to be superior to placebo in primary and secondary 
outcomes for depression when used as an augmentation agent to 
citalopram.22 Subsequently, dexmecamylamine (TC-5214) 1–4 mg 
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twice daily, also a nicotinic receptor antagonist, was compared with 
placebo in 2 identical phase 3 trials as augmentation in depressed 
patients (N = 614) resistant to their current SSRI/SNRI.23 Although 
depression scores on the MADRS (the primary outcome measure) 
decreased in both groups, no significant differences were seen 
between dexmecamylamine and placebo in either study.

Cognitive-behavioral therapy augmentation of usual care. 
Cognitive-behavioral therapy (CBT) has generally comparable 
outcomes to alternative pharmacologic strategies in depressed 
patients unresponsive to first-line citalopram.24 The CoBalT trial 
(N = 469) compared CBT as an adjunct to usual care (counseling, 
medications, etc) with usual care alone for the treatment of primary 
care patients with resistant depression.25 Approximately 46% of the 
CBT group met criteria for response at 6 months, compared to only 
22% of the usual care group (P < .001). These findings highlight 
the possible effectiveness of adjunctive CBT in the management of 
real-world patients with treatment-resistant depression.

Trends in Antidepressant Therapies  
With Novel Mechanisms of Action

Ketamine. Since Berman and colleagues26 first described 
ketamine’s rapidly acting antidepressant properties nearly 15 
years ago, ketamine research in psychiatry has quickly expanded. 
Other randomized, double-blind, placebo-controlled trials27,28 
have confirmed ketamine’s superior rapid (within 110 minutes), 
robust (across a variety of symptoms), and relatively sustained 
(approximately 7 days) antidepressant efficacy at subanesthetic 
intravenous doses in well-characterized patients with treatment-
resistant depression. More recent studies using midazolam as 
an active comparator29 (thereby establishing that the effects 
of ketamine are not largely due to unblinding) and intranasal 
administration30 (for easier administration) continue to yield 
promise in the treatment of depression.

Lanicemine. Lanicemine (AZD6765), a low-trapping NMDA-
receptor blocker, has been studied in both preclinical31 and 
clinical31,32 settings as a possible glutamatergic alternative to 
ketamine. Zarate and colleagues32 administered a single infusion 
of intravenous lanicemine (150 mg) to 22 medication-free 
patients with treatment-resistant depression in a double-blind, 
randomized, crossover, placebo-controlled trial. MADRS scores 
were significantly decreased in patients receiving lanicemine 
versus placebo within 80 minutes—a finding comparable to the 
rapid antidepressant onset of ketamine. This decrease remained 
significant only through 110 minutes (d = 0.4). Similarly, significant 
improvements were found on the Hamilton Depression Rating 
Scale at 80 and 110 minutes postinfusion, as well as day 2 (d = 0.49). 
In the most elaborate definitive study conducted to date, 124 
depressed patients were randomly assigned to repeated infusions 
(3 infusions/wk for 3 weeks) of lanicemine 100 mg or 150 mg 
or placebo as adjunctive therapy to current antidepressants.31 A 
5-week additional observation period followed. Patients receiving 
either dose of lanicemine exhibited a significantly greater decrease 
in MADRS scores from baseline to week 3 (P < .02). Further post 
hoc testing suggested that this score reduction persisted for up 
to 5 weeks after the final infusion in the group receiving 100 mg 
(P < .05), demonstrating that repeated doses of an antiglutamatergic 
drug produce both rapid and sustained effects. Of note, no 
significant differences were found between lanicemine and placebo 
with regard to psychotomimetic or dissociative side effects,31,32 
highlighting a safety advantage over ketamine. Lanicemine 
remains under investigation, although these findings underscore 
the concept that antiglutamatergic agents can improve symptoms 

of depression without having unwanted psychotomimetic and 
dissociative side effects.

Opioid system modulators. The antidepressant properties of 
opioid system modulators are currently being explored, as this 
system may be implicated in the pathophysiology and treatment 
of MDD.33,34 Alkermes is currently in phase 3 trial testing of ALKS 
5461, a sublingual compound that combines buprenorphine (a 
µ- and κ-opioid receptor agonist) and samidorphan (a µ-opioid 
receptor antagonist). Results of a completed phase 2 study in MDD 
utilizing the parallel-sequential study design35 yielded encouraging 
results, with significant decreases in depression rating scale scores 
and generally favorable tolerability.36 Phase 3 trials are underway.

Summary
During the time period of interest, there have been several 

advances with respect to new and novel treatment development for 
MDD, as well as considerable disappointments. Specifically, 2 new 
medications were approved by the FDA in 2013 as monotherapy for 
MDD. Vortioxetine may offer an advantage by enhancing cognitive 
function, particularly executive functioning, which is evolving as an 
important independent measure of efficacy in MDD trials, although 
a second confirmatory head-to-head clinical trial with an SNRI or 
SSRI is warranted. Finally, although levomilnacipran is approved 
for depression, more trials are needed to examine whether, and the 
extent to which, any clinically meaningful differences exist between 
levomilnacipran and other antidepressants.

Unfortunately, few recently studied augmentation strategies 
have provided sufficient evidence for changing the current clinical 
practices in the treatment of depression, as 3 different compounds 
were unsuccessfully studied in phase 3 trials. The only exception 
is an encouraging study25 examining adjunctive CBT in MDD. 
However, there is promise for the use of glutamatergic and opioid-
system modulators in treating depression. Such novel mechanisms 
of action may be critical for the treatment of depressed patients, 
especially those unresponsive to traditional monoaminergic 
strategies.
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