CNS SPECTRUMS
CME Review Article
Keeping up with the clinical advances: depression

This activity is provided by the Neuroscience Education Institute.

Additionally provided by the American Society for the Advancement of Pharmacotherapy.

Downloaded from https://www.cambridge.org/core. Cambridge University Press, on 10 Sep 2019 at 14:04:47, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S1092852919001159

CME Information
Peer Review

Released: August 1, 2019
CME credit expires: July 31, 2022

Learning Objectives
After completing this activity, you should be better able to:
•
•

Explain the role of glutamate, gamma-butyric acid,
and non-monoamines in treating major depression
Describe the novel glutamate, gamma-butyric acid,
and opioid modulating agents currently being investigated for depression

Accreditation and Credit Designation
Statements
The Neuroscience Education Institute (NEI) is accredited by the Accreditation Council for Continuing
Medical Education (ACCME) to provide continuing
medical education for physicians.
NEI designates this enduring material for a maximum
of 1.0 AMA PRA Category 1 CreditTM. Physicians should
claim only the credit commensurate with the extent of
their participation in the activity. A posttest score of
70% or higher is required to earn CME credits.
The American Society for the Advancement of
Pharmacotherapy (ASAP), Division 55 of the American
Psychological Association, is approved by the American
Psychological Association to sponsor continuing education for psychologists. ASAP maintains responsibility
for this program and its content.
The American Society for the Advancement of
Pharmacotherapy designates this program for 1.0 CE
credit for psychologists.
Nurses and Physician Assistants: for all of your
CE requirements for recertification, the ANCC and
NCCPA will accept AMA PRA Category 1 Credits™ from
organizations accredited by the ACCME. The content of
this activity pertains to pharmacology and is worth 1.0
continuing education hour of pharmacotherapeutics.

Optional Posttest and CME Credit Instructions
1.
2.

3.

Read the article
Complete the posttest and evaluation, available only
online at www.neiglobal.com/CME (under “CNS
Spectrums”)
Print your certificate (passing score = 70% or
higher)

Questions?
call
888-535-5600,
CustomerService@neiglobal.com

or

email

This content has been peer reviewed by an MD specializing
in psychiatry to ensure the scientific accuracy and medical
relevance of information presented and its independence
from commercial bias. NEI takes responsibility for the content, quality, and scientific integrity of this CME activity.

Disclosures
All individuals in a position to influence or control content are required to disclose all industry financial relationships. Although potential conflicts of interest are
identified and resolved prior to the activity being presented, it remains for the participant to determine
whether outside interests reflect a possible bias in either
the exposition or the conclusions presented.

Authors
Roger S. McIntyre, MD, FRCPC, is a professor of psychiatry and pharmacology at the University of Toronto and Head
of the Mood Disorders Psychopharmacology Unit at the
University Health Network in Toronto, Ontario, Canada.
Dr. McIntyre is a consultant/advisor to and on the
speakers bureaus of Allergan, Janssen, Lundbeck, Minerva,
Neurocrine, Otsuka, Pfizer, Purdue, Shire, Sunovion, and
Takeda. Dr. McIntyre has received grant/research support
from CIHR/GACD/Chinese National Natural Research
Foundation and Stanley Medical Research Institute.
Renee-Marie Ragguett, is part of the Mood Disorders
Psychopharmacology Unit at the University Health
Network in Toronto, Ontario, Canada. Ms Ragguett
has no financial relationships to disclose.
Jocelyn K. Tamura, is part of the Mood Disorders
Psychopharmacology Unit at the University Health
Network in Toronto, Ontario, Canada. Ms Tamura has
no financial relationships to disclose.
No writing assistance was utilized in the production of
this article.

CNS Spectrums Peer Review
All CME articles are peer reviewed in accordance with the
strict standards of CNS Spectrums and in accordance with
requirements and recommendations of the International
Committee of Medical Journal Editors. The Editorial policies of the journal CNS Spectrums and peer review of all
articles that appear in the journal is managed independently by Cambridge University Press and no financial
relationship exists between the CME provider and
Cambridge for this service.
The Content Editor, an NEI Peer Reviewer, and the
Planning Committee have no financial relationships
to disclose.

Downloaded from https://www.cambridge.org/core. Cambridge University Press, on 10 Sep 2019 at 14:04:47, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S1092852919001159

Disclosure of Off-Label Use

Providers

This educational activity may include discussion of unlabeled and/or investigational uses of agents that are not
currently labeled for such use by the FDA. Please consult
the product prescribing information for full disclosure of
labeled uses.

This activity is provided by NEI. Additionally provided by
the ASAP.

Cultural and Linguistic Competency

Support
This activity is supported by an unrestricted educational
grant from Sage Therapeutics.

A variety of resources addressing cultural and linguistic
competency can be found at this link: www.neiglobal.
com/go/cmeregs

Downloaded from https://www.cambridge.org/core. Cambridge University Press, on 10 Sep 2019 at 14:04:47, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S1092852919001159

CNS Spectrums (2019), 24, 28–36.
doi:10.1017/S1092852919001159

© Cambridge University Press 2019

REVIEW ARTICLE

Keeping up with the clinical advances: depression
Renee-Marie Ragguett,1 Jocelyn K. Tamura,1 and Roger S. McIntyre1,2,3*
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Major depressive disorder (MDD) is a prevalent and heterogeneous disorder. Although there are many treatment options for MDD,
patients with treatment-resistant depression (TRD) remain prevalent, wherein delayed time to response results in inferior chances of
achieving remission. Recently, therapeutics have been developed that depart from the traditional monoamine hypothesis of depression
and focus instead on the glutamatergic, GABAergic, opioidergic, and inflammatory systems. The literature suggests that the foregoing
systems are implicated in the pathophysiology of MDD and preclinical trials have informed the development of pharmaceuticals using
these systems as therapeutic targets. Pharmaceuticals that target the glutamatergic system include ketamine, esketamine, and rapastinel; brexanolone and SAGE-217 target the GABAergic system; minocycline targets the inflammatory system; and the combinatory
agent buprenorphine + samidorphan targets the opioidergic system. The aforementioned agents have shown efficacy in treating MDD
in clinical trials. Of particular clinical relevance are those agents targeting the glutamatergic and GABAergic systems as they exhibit
rapid response relative to conventional antidepressants. Rapid response pharmaceuticals have the potential to transform the treatment
of MDD, demonstrating reduction in depressive symptoms within 24 hours, as opposed to weeks noted with conventional
antidepressants. Novel therapeutics have the potential to improve both patient mood symptomatology and economical productivity,
reducing the debased human capital costs associated with MDD. Furthermore, a selection of therapeutic targets provides diverse
treatment options which may be beneficial to the patient considering the heterogeneity of MDD.

Received 19 February 2019; Accepted 3 May 2019
Key words: Major depressive disorder, glutamate, ketamine, esketamine, rapastinel, GABA, brexanolone, SAGE-217, inflammation, minocycline,
opioids, buprenorphine + samidorphan.

Introduction
Major depressive disorder (MDD) has been classified by
the World Health Organization as the leading cause of
disability and illness worldwide.1 With a global prevalence of over 300 million people, MDD poses a significant economic burden through its associated medical
costs, mortality costs, and workplace costs.2 The core
symptoms of depressed mood and anhedonia do not
explicate the extent of disability observed with the disorder. Indeed, there are additional comorbid functional
and cognitive dysfunctions that contribute to the debilitating nature of MDD.3

*Address correspondence to: Roger S. McIntyre, Mood Disorders
Psychopharmacology Unit, University Health Network, 399 Bathurst
Street, Toronto, Ontario, M5T 2S8, Canada. (Email: roger.mcintyre@
uhn.ca).
This activity is supported by an unrestricted educational grant from
Sage Therapeutics.
An addendum has been issued for this article, please see DOI: https://
doi.org/10.1017/S1092852919001433.

Given the complexity of MDD, it has proven difficult
to treat, as evident by the rate of treatment-resistant
depression (TRD). TRD is characterized as non-response
to one or more treatments, with the likelihood of achieving remission decreasing with each subsequent treatment
step.4 TRD is experienced by approximately 12–20% of
those with MDD.5 Of note, those with TRD have reported
lower workplace productivity and social functioning,
as well as depression rating scores indicative of more
severe depression compared to those with non-TRD.6
Furthermore, the costs associated with TRD are higher
compared to those with non-TRD, and it has been suggested that TRD is driving the capital costs associated
with depression.7 Given the prevalence of TRD and its
associated functional debilitations, there is interest in
developing both effective and fast-acting treatment
options. Notably, fast-acting therapeutics may aid in
reducing the capital cost associated with depression by
decreasing absenteeism and presenteeism, wherein
absenteeism and presenteeism have been shown to be
major contributors to costs associated with MDD.8
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Table 1. Summary of novel pharmaceuticals for treatment of MDD
Pharmaceutical
name

Sponsor

Glutamatergic system
Ketamine
Multiple
Esketamine
Janssen Pharmaceutical
Companies of Johnson and
Johnson
Rapastinel
Allergan

Clinical trial phase

Phase III/IV
Phase III

Not approved by FDA for MDD. Widely used off-label.
Breakthrough therapy designation for MDD and TRD36

Phase III

Fast-track designation and breakthrough therapy
designation for MDD (2014 and 2016)39
Fast track designation for adjunctive treatment of MDD
(2018)44
Fast-track designation for treatment of MDD (2018)46
Fast-track designation for treatment of TRD and
breakthrough therapy designation for TRD (2019)42

AV-101

VistaGen therapeutics, Inc.

Phase II

AGN-241751
AXS-05

Allergan
Axsome

Phase II
Phase III

Sage therapeutics

Phase III

SAGE-217
Sage therapeutics
Inflammatory system
Minocycline
Various

Phase III

GABAergic system
Brexanolone

Opioidergic system
Buprenorphine
+ samidorphan

Alkermes plc

Regulatory affairs

Sponsor filed a new drug application with the FDA,
and the FDA advisory committee voted in favor of
the benefit-risk profile. Awaiting approval.57,58
Breakthrough therapy designation for MDD (2018)61

Phase II

Not approved by FDA for MDD. Clinical trials for use
off-label

Phase III

Fast-track status for adjunctive treatment of MDD
(2013);FDA did not approve in current state and
is requesting additional evidence of effectiveness
(2019)87

Note: FDA: US Food and Drug Administration; MDD: major depressive disorder.

First-line treatment for MDD typically includes a selective serotonin reuptake inhibitor (SSRI) or a serotoninnorepinephrine reuptake inhibitor (SNRI).9 The use of
SSRIs and SNRIs in MDD accords with the monoamine
hypothesis of depression. The monoamine hypothesis posits that MDD is caused by a deficit in monoamine systems
(i.e., serotonin, noradrenaline, or dopamine). While SSRIs
and SNRIs have demonstrated efficacy in alleviating mood
symptomatology, there remains a high percentage of
non-responders. Therapeutic strategies for non-responders include switching or combining antidepressants and
augmenting antidepressant therapy with a non-antidepressant agent.10 Given the number of US Food and Drug
Administration (FDA)–approved SSRIs for MDD (e.g.,
citalopram, escitalopram, fluoxetine, fluvoxamine,
paroxetine, sertraline, vilazodone), the high prevalence
of those with TRD and with non-response to monoamine
antidepressants suggests that monoamine dysregulation
does not fully account for depressive symptomatology
and that other targets should be explored.11
During the past one to two decades, several alternative
therapeutic targets have been identified, such as the glutamatergic pathway, the gamma-aminobutyric acid (GABA)
pathway, the opioidergic pathway, and the inflammatory
pathway. Not only do these novel pathways have the potential to offer effective alternative treatment for those with
TRD, but benefits have also been observed in non-affective

domains such as cognition.12 In addition, alternative mechanisms of action may change the traditional treatment
course by providing rapid symptomatic relief (i.e. hours),
when compared to traditional antidepressants (e.g., 4–6
weeks).13 For example, suicidal ideation is a potential area
of improvement with rapid antidepressant response. As it
has been suggested that rapid time to response can mediate
increased suicidal behavior occasionally observed after
starting antidepressant treatment, such that suicidal risks
decrease in those with early antidepressant response.14,15
Improving the time to response could fundamentally
change approaches to treatment and offer considerable
improvements for patients. The current review covers the
antidepressant action of the glutamatergic, GABAergic,
opioidergic, inflammatory systems, and those associated
novel therapeutics that have demonstrated considerable
efficacy in recent clinical trials (Table 1 provides a list of
all pharmaceutical agents discussed, sponsors, current trial
phases, and regulatory affairs).

Glutamate
Glutamate is the principal and most abundant excitatory
neurotransmitter in the brain. A wealth of preclinical and
clinical data posit that the glutamatergic system has
a role in mood regulation.16,17 Furthermore, neurological differences in glutamate, glutamine, and their
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metabolites have been observed in those with MDD.
Those with MDD have lower neural concentrations of
the aforementioned than healthy controls and their concentrations can be increased following successful treatment.17–19 Conversely, high plasma blood glutamate
levels have been reported in those with MDD, and following antidepressant treatment with monoamine-based
antidepressants, decreases in blood glutamate levels have
been reported.20,21 It follows that monoamine-based
antidepressants impact the glutamatergic system and
that the glutamatergic system may be involved in MDD.
Regulation of the glutamatergic system to treat mood
disorders is typically achieved through interaction with
glutamate release or glutamate receptors. Receptors
are classified as ionotropic (i.e. forming a ligand gated
ion channels) or metabotropic (i.e. activating coupled
G-proteins). Various ionotropic receptors have been
documented, including N-methyl-d-aspartate (NMDA),
α-amino-3-hydroxyl-5-methyl-4-isoxazole-propionate
(AMPA), and kainic acid. Three groups of metabotropic glutamate receptors (mGluRs) have also been
identified. Mechanistically, it has been suggested that
NMDA antagonists increase the AMPA to NMDA neurotransmission ratio, which has shown to have antidepressant-like effects in preclinical models.22 Furthermore,
AMPA and the brain-derived neurotrophic factor (BDNF)
have a bidirectional interaction, wherein increases in
AMPA facilitate increases in BDNF expression, which
can result in enhanced neuronal plasticity.23 Notably, dysregulation of this system can produce negative changes in
neuronal plasticity associated with MDD.24

relevance is the time to response to ketamine wherein, following a single infusion, antidepressant effects can be
observed within 4 hours.29 Notably, the use of ketamine
for MDD has been associated with psychotomimetic
effects post-infusion and may have the potential for
abuse.30 Methods by which the aforementioned potential
adverse events could be mitigated include dosing modification, co-administration with other agents, alternative
routes of administration, and isometric formulations.31
Esketamine and, in particular, rapastinel have been suggested as alternative formulations that have demonstrated
rapid response with fewer (particularly in the case of rapastinel) psychotomimetic side effects.32,33 In addition to its
rapid response, ketamine may have pro-suicidal effects
such that ketamine has demonstrated efficacy in rapidly
reducing suicidality in patients with TRD.34 Notably, while
the antidepressant action of ketamine is often attributed to
its NMDA properties, one study has suggested that opioid
receptors are involved in ketamine’s antidepressant
effects. Indeed, when naltrexone (i.e., an agent that blocks
neurological opioid receptors) is administered to ketamine
responders’ pre-ketamine treatment, the antidepressant
effects typically observed with ketamine are significantly
attenuated relative to placebo. However, naltrexone pretreatment relative to placebo did not significantly impact
ketamine-induced dissociation, suggesting that ketamine’s
dissociative effects are largely independent of its action
on the opioid receptors.35 Ultimately, further studies are
needed to elucidate the mechanism of action of ketamine
and explore the role of opioid receptors in relation to ketamine’s efficacy.

Novel therapeutics

Esketamine. Esketamine is the S-enantiomer of ketamine
(i.e. the R-enantiomer) and similarly, a NMDA receptor
antagonist. Esketamine has been given breakthrough
therapy designation from the FDA for both TRD and
MDD with imminent risk for suicide.36 Esketamine is
administered intranasally as a nasal spray and, to date,
clinical trials have used self-administered doses from
14 to 84 mg over various time points (e.g., twice weekly,
weekly, and biweekly).37 Esketamine is metabolized similarly to ketamine by CYP3A4 and, in lesser amounts, by
CYP2B6 and CYP2C9.27 The sponsor has released data
from a phase 3 clinical trial with TRD wherein esketamine, in addition to a newly initiated oral antidepressant, had marginally significant (one-sided p = 0.010)
improvements as measured by change from baseline in
the MADRS total score. Furthermore, clinical response,
wherein response was considered a ≥50% improvement
in MADRS from baseline, was observed 24 hours postdose and maintained through day 28 for participants
receiving an esketamine and an oral antidepressant combination. The most common treatment emergent adverse
events were metallic taste and headache, and other treatment emergent adverse events included nausea, vertigo,

Ketamine and ketamine-like agents

Ketamine. Ketamine is a high-affinity NMDA receptor
antagonist. While not approved by the FDA for the treatment of MDD, ketamine has been increasingly used offlabel for psychiatric disorders wherein the most common
use was MDD.25 Ketamine is most often administered
via an intravenous infusion over 40 minutes using subanesthetic doses in the range of 0.10–0.75 mg/kg.26
Metabolism of ketamine occurs in the liver and is
achieved primarily by CYP3A4 and in lesser amounts
by CYP2B6 and CYP2C9.27 A meta-analysis exploring
the efficacy of ketamine for use with MDD in randomized
control trials found that those receiving ketamine had
improved response rates versus placebo at 24 hours,
72 hours, and 7 days post-infusion, where response was
defined as a minimum of 50% reduction in absolute
Hamilton Depression Rating Scale scores (HAM-D),
Montgomery–Åsberg Depression Rating Scale (MADRS),
or significant improvements in the Clinical Global
Impression Scale (CGI). Furthermore, results at all time
points were highly significant (p < 0.00001).28 Of clinical
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dizziness, and headache.32 In a clinical trial specifically
evaluating the safety of esketamine, the most common
treatment emergent adverse events were dizziness (75%)
headache (36%), and dissociative symptoms (21%),
wherein dizziness and nausea may be dose-related.
Dissociative symptoms, as measured by the Clinician
Administered Dissociative States Scale (CADSS), were
apparent following intranasal dosing and reached their
maximum at 30–40 minutes post-dose; however, they
were resolved 2 hours post-dose. Notably, dissociative
symptoms decrease with repeated dosing. Furthermore,
hypertension was observed immediately following
esketamine treatment. While symptoms typically resolved
2 hours post-treatment, they may persist post-treatment.37
Recognizing the potential for adverse events, the FDA
has approved a Risk Evaluation and Mitigation Strategy
(REMS) to ensure proper usage of esketamine and mitigate
the risks of esketamine-related adverse events. Strategies
are in place at various levels including the healthcare
setting, pharmacies, wholesalers, and patients. Overall,
the REMS ensure that esketamine is dispensed only in a
medically supervised, certified, healthcare setting. Further,
patients are made aware of the possible serious adverse
events, and there is continued monitoring of patients to both
characterize the risks and support safe usage.38
Rapastinel. Rapastinel is an NMDA modulator, behaving
similarly to partial agonists of the glycine site. Rapastinel
was granted fast track and breakthrough therapy designation by the FDA for adjunctive treatment of MDD.39
Rapastinel is administered with weekly intravenous doses
of 1–10 mg/kg. There was a large placebo effect observed
in a phase 2 clinical trial with rapastinel and placebo.
Regardless, a rapid reduction in Hamilton Depression
Rating Scale scores (HAMD-17) and Bech-6 (a six-item subscale from the HAMD-17) scores were also demonstrated;
however, where rapastinel differed, the differences were
marginally different from placebo (p < 0.05).40 Seventy
percent of participants showed a clinical response wherein
a response was defined as 50% improvement from baseline
in HAMD-17. Notably, higher doses such as 30 mg/kg demonstrated no antidepressant effects. Of clinical relevance,
rapastinel demonstrated changes in Bech-6 scores within
24 hours of infusion, and no psychotomimetic effects were
observed.33 Preclinical trials suggest that rapastinel may
have procognitive effects and there are ongoing clinical trials to evaluate this possibility in humans.41

AXS-05
AXS-05 is a combinatory pharmaceutical that is a
combination of bupropion and dextromethorphan.
AXS-05 has been granted fast-track status by the
FDA for TRD and breakthrough therapy designation.42
Dextromethorphan acts as a low-affinity NMDA receptor



antagonist, a sigma-1 agonist, and inhibitor of the norepinephrine and serotonin systems with notably
limited bioavailability.43 Bupropion is a norepinephrine
and dopamine reuptake inhibitor and acts to increase
the bioavailability of dextromethorphan. Available
Phase II results from the sponsor indicated that
AXS-05 met its primary endpoint in those with MDD.
Specifically, there was a highly significant (p < 0.001)
reduction in MADRS scores over 6 weeks compared to
bupropion, and 47% of those who received AXS-05
achieved remission in comparison to 16% of those who
received bupropion. Furthermore, the most commonly
reported adverse events were nausea, dizziness, dry
mouth, decreased appetite, and anxiety.44

Other potential future therapeutics
Throughout the year 2018, various glutamate-based
therapeutics were granted fast-track status by the FDA.
Notably, AV-101, a selective agonist of the NMDA receptor glycine binding site B, was given the fast-track designation for adjunctive treatment of MDD. AV-101 is
expected to be administered orally and presents a novel
mechanism of action. The sponsor suggested AV-101
has the potential to produce rapid therapeutic effects,
similar to those of ketamine.45 Preclinical studies with
AV-101 demonstrated rapid and persistent antidepressant effects in rodent models of depression and did not
produce psychotomimetic effects.46
Another pharmaceutical agent in the pipeline is AGN241751, an NMDA receptor modulator with oral administration. It was granted fast-track designation by the
FDA for the treatment of MDD, and a phase 2 clinical
trial is ongoing.47

Gamma-Aminobutyric Acid (GABA)
GABA is the primary inhibitory neurotransmitter in
the brain. The GABAergic system interacts with various
systems implicated in the pathophysiology of MDD such
as the serotonergic system, noradrenergic system, and
the hypothalamic-pituitary-adrenal (HPA) axis.48–50
The impact of the GABAergic system on MDD has been
observed in preclinical and clinical models. For example, alterations of metabotropic type B GABA(GABAB)
receptors in rodents result in anxiety and depressionlike behavior.51 GABA dysregulation is also observed in
humans wherein decreased concentrations of GABA have
been reported in those with MDD, and GABA concentrations have been shown to increase following treatment.52,53 These trends suggest that treatment for
MDD normalizes GABA concentrations in the brain.
Some treatment regimens employ GABA modulators
such as benzodiazepines that modulate the ionotropic
type A GABA (GABAA) receptor complex and are often
administered alongside traditional antidepressants when
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patients exhibit anxiety or insomnia.54 The GABAA
receptor is the most abundant inhibitory neurotransmitter receptor in the brain and, while altered function of
this receptor has been associated with both anxiety
and MDD, benzodiazepines have not shown sufficient
therapeutic potential as monotherapy for MDD.55,56
Regardless, targeting the GABAA receptor provides a
potential novel mechanism of treatment for MDD in
combination with traditional antidepressants.

highly significant (p < 0.0001).62 Furthermore, a doubleblind, randomized, and controlled phase 2 clinical trial
wherein the participants also received a daily oral dose
of 30 mg demonstrated that there was a mildly significant
difference in HAM-D score observed on day 2 and
maintained through day 28 (p = 0.0223).63 SAGE-217
appeared to be well tolerated, though minor treatmentrelated adverse events were observed including sedation,
headache, and dizziness.62

Novel therapeutics

Immune-Inflammation

Brexanolone (SAGE-547)

The macrophage theory of depression associates cytokines (e.g., macrophage monokines, interferon alpha,
and tumor necrosis factor) with depressive symptomatology.64 The macrophage theory of depression is supported
by the observation of increased concentrations of proinflammatory cytokines among those with MDD.65 The
increase in cytokines may be indicative of particularly
serious profiles of MDD, such as TRD or severe suicidal
ideation. A recent study suggests that higher levels of
inflammatory proteins are predictive of the severity of
TRD.66 Furthermore, another study demonstrated that
there are significantly higher levels of inflammatory
markers in patients with MDD who have high suicidal
ideation.67 In addition to their involvement with mood
symptomatology, cytokines are involved in cognitive
functions such as attention, executive function, learning,
and memory, which may contribute to the cognitive
impairment observed in MDD.68,69 The proposed mechanism by which cytokines affect the nervous system is complex; in summary, they can evoke an excitotoxic effect by
way of interactions between the monoamine, glutamate,
and BDNF systems.70 Given their involvement in neurotransmitter systems and associated symptomatologic presentation, reduction of inflammatory cytokines presents
a novel therapeutic pathway.

Brexanolone is a positive allosteric modulator of the
type GABAA receptor with parenteral administration.
Following the filing of a new drug application wherein
priority review status was granted, the FDA advisory committee voted in favor of the benefit-risk profile of brexanolone for treatment of postpartum depression.57,58 Of
clinical relevance, if approved, brexanolone would be
the first pharmaceutical indicated specifically for postpartum depression. Efficacy of brexanolone has been
observed in clinical trials wherein women with postpartum depression received a single intravenous injection
of 90, 60 μg/kg per hour, or placebo. Brexanolone, in
comparison to placebo, produced a rapid antidepressant
response that was marginally significant (p < 0.05) within
60 hours post infusion, where response was defined as a
50% reduction in HAM-D total score. Furthermore,
response was sustained for up to 30 days. Brexanolone
was generally well tolerated, with the most common
treatment emergent adverse events being headaches, dizziness, and somnolence. Few treatment-related serious
adverse events were observed, notably, the altered state
of consciousness and syncope in one participant, and
excessive sedation that was resolved following infusion
cessation in five participants. No clinically significant
changes in laboratory parameters were observed.59

Minocycline
SAGE-217

SAGE-217 is a positive allosteric modulator of the synaptic and extrasynaptic GABAA receptors.60 SAGE-217 was
granted breakthrough therapy designation by the FDA
for the treatment of MDD.61 Preclinical studies have
demonstrated an improved drug metabolism and pharmacokinetics profile in comparison to brexanolone.
Specifically, SAGE-217 offers low clearance, resulting
in higher oral bioavailability and allowing for an oral
route of administration.60 The sponsor has provided
results from an open-label phase 2 clinical trial wherein
participants with MDD received a daily oral dose of
30 mg. Improvements in depressive symptoms were
observed 1 day post-treatment and persisted for 2 weeks
following cessation of treatment wherein the differences
observed between the treatment and placebo group were

Minocycline is a tetracycline antibiotic approved by
the FDA for use with various bacterial infections.71
Minocycline has anti-inflammatory properties and has
been used for treatment of rheumatoid arthritis, a chronic
inflammatory disease.72 Several clinical trials are underway exploring the efficacy of minocycline off-label for
the treatment of MDD. Recently, results from published
clinical trials have been summarized meta-analytically.73
The dose used throughout various trials ranged from
100 to 300 mg/day. Pooled analyses revealed a significant
large antidepressant effect (p = 0.005) with the use of
minocycline in comparison to placebo. Furthermore, a
favorable tolerability profile was observed such that there
was no significant difference for study discontinuation
between treatment and placebo groups. Notably, minocycline has demonstrated efficacy in treating the cognitive
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dysfunction observed with schizophrenia, particularly in
the executive functioning domain.74 While this has yet
to be evaluated in those with MDD, similar results could
be expected as cognitive dysfunction has been associated
with increased levels of C-reactive protein (i.e. a marker
of inflammation) in MDD.75 At the time of this writing,
there were several ongoing studies evaluating the efficacy
of minocycline as augmentative therapy in MDD and in
other mood disorders.

Opioidergic Systems
The opioid system is composed of three types of receptors
(i.e. delta, kappa, and mu) which are expressed widely
throughout the nervous system. While the opioid system
has been commonly implicated in reward processing,
pain, and addiction, alterations within the opioid system
have also been associated with MDD.76–79 In addition,
anhedonia, a core feature of MDD, has been observed with
opioid use, suggesting that the opioid system may be
involved in MDD pathophysiology.80 Various FDAapproved antidepressants, such as venlafaxine and mirtazapine, interact with the opioid system, though they are
an SNRI and tetracyclic antidepressant, respectively.81
Furthermore, preliminary evidence suggests that opioid
agonist therapy has efficacy in treating mood disorders.82
While a concern in the use of opioidergic treatment is the
potential for abuse, agents such as naloxone or samidorphan can be used in conjunction with the opioid to mitigate
such use.83,84 The kappa-opioid receptor has demonstrated improvements in mood symptomatology and is
of interest in novel therapeutic pathways for MDD.85

Buprenorphine+samidorphan
Buprenorphine + samidorphan is a combinatory drug
functioning primarily as a kappa-opioid antagonist and
a paired mu-opioid agonist and antagonist to offer controlled opioid modulation. Buprenorphine + samidorphan was given fast-track status by the FDA for the
adjunctive treatment of MDD; however, the FDA committee recently (November 2018) voted against the approval
of buprenorphine + samidorphan. The official decision
from the FDA (February 2019) states that it was unable
to approve buprenorphine + samidorphan in its current
state and requests additional substantial evidence of its
effectiveness.86,87 Ongoing trials are, however, being
conducted by the sponsor, and these results are pending.
Clinical trials of buprenorphine + samidorphan have used
doses from 0.5 mg/0.5 mg to 8 mg/8 mg, and a 1:1 dose
has demonstrated the most efficacy and tolerability.88,89
Buprenorphine undergoes hepatic metabolism wherein
it is primarily processed by cytochrome P450 3A4 and,
to a lesser extent, CYP 2C8.90 Clinical trials have demonstrated mixed results for the efficacy of buprenorphine +
samidorphan. A phase III trial did not meet its primary



endpoint such that changes in MADRS from baseline to
endpoint were not significant. However, there may have
been a limitation regarding placebo responders, which
was addressed in later trials.91 A phase III trial termed
FORWARD-5 has achieved the primary endpoint such
that buprenorphine + samidorphan 2 mg/2 mg produced
a greater change in MADRS-6 and MADRS-10 in
comparison to placebo with marginal significance
(p = 0.026). Furthermore, a pooled analysis of safety
results demonstrated that there were low incidences of
serious adverse events and the majority of adverse events
that occurred were mild or moderate, consisting of
nausea, constipation, dizziness, and sedation. There were
no clinically significant changes observed in vital signs,
body weight, or echocardiogram parameters. Of particular relevance, there were no reported adverse events
associated with abuse or dependence, and there were
no reports of opioid withdrawal.92

Conclusion
Although success has been found with traditional monoamine antidepressants, there remains a pronounced
occurrence of TRD and a prolonged time to response.
It is evident by the therapeutics in the pipeline for use
with MDD that novel mechanisms of action outside the
traditional serotonergic, noradrenergic, and dopaminergic pathways may be beneficial for treatment of MDD.
Indeed, novel mechanisms of action allow for a wider
selection of treatment options with various therapeutic
targets, which may be of great benefit to those with
MDD, considering the heterogeneity of the disorder.
In particular, fast-acting therapeutics such as ketamine
and rapastinel, and therapeutics that have an opportunity
to uniquely target systems implicated in the pathophysiology of MDD such as buprenorphine + samidorphan, have
the potential to produce cascading benefits throughout
patient lives by both improving mood symptomatology
and decreasing societal costs by decreased workplace
absenteeism and presenteeism.93 While these novel therapeutics have shown some promising results, additional
long-term clinical trials are warranted to determine both
the long-term efficacy and monitor for treatment-related
adverse events. Though many of the aforementioned
therapeutics have rapid results and have shown efficacy
in those with TRD, only with long-term clinical trials are
we able to determine if these response rates will persist.
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1.

Amelia is a 24-year-old patient with treatment resistant depression currently enrolled in a clinical trial involving
esketamine. Esketamine is an antagonist at which of the following receptors?
A. AMPA
B. NMDA
C. mGluR

2.

Marsha is a 31-year-old patient with postpartum depression who is intrested in enrolling in a clinical trial testing
the novel antidepressant brexanolone. Brexanolone is hypothesized to work due to its actions with which of the
following neurotransmitter systems?
A. GABA
B. Glutamate
C. Opioid

3.

Clark is a 43-year-old patient with treatment resistant depression currently enrolled in a clinical trial testing the
novel antidepressant SAGE-217. Compared to brexanolone, SAGE-217 differs in that it:
A. Is a positive allostric modulator of GABA-B receptors
B. Requires intravenous administration
C. Has higher oral availability

4.

Patrick is a 34-year-old patient with MDD. Lab results indicate that this patient has increased levels of
pro-inflammatory cytokines. Which of the following agents is hypothesized to ameliorate symptoms of depression
primarily via its anti-inflammatory properties?
A. SAGE-217
B. Minocycline
C. Rapastinel
D. Buprenorphine/samidorphin combination
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