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Targeting Unmet Needs
in the Treatment of Major
Depressive Disorder

Roger S. MclIntyre, MD, FRCPC

BOTTOM LINE: Targeting Unmet Needs in
the Treatment of Major Depressive Disorder

Many of the unmet needs in Major Depressive Disorder are
modifiable, including improving diagnostic accuracy, offering
treatments with faster onset of action, treatments with greater
overall efficacy, and treatments that can improve patient
functioning. Measurement based care guiding treatment wherein
the aim is to achieve remission, improve cognitive function, and
general functioning, are key therapeutic objectives.

Introduction

Major depressive disorder (MDD) is a common and severe disorder
that is estimated to affect approximately 350 million people glob-
ally! It is predicted that MDD debases human capital more than
most other non-communicable disorders.? In addition to substan-
tial illness-associated morbidity, MDD is associated with the loss of
10 years of life.®> The implications of MDD on other organ systems
is demonstrated by mortality studies indicating that cardiovascular
disease is the most common cause of excess mortality.* Significant
unmet needs exist in the management of MDD, which, if addressed
successfully, would be expected to reduce overall illness-associated
morbidity. Herein, we succinctly review and summarize key unmet
needs in MDD (Table 1).

Identifying which patients will respond to which treatments

The inability to identify a priori which individuals will (and will
not) respond to and tolerate a chosen antidepressant often leads to
multiple trials of futility, adverse therapeutic outcomes, and unnec-
essary prolongation of MDD disease activity. The promise of phar-
macogenetics/pharmacogenomics brings the possibility of closing
the gap between the current practice of iteratively selecting antide-
pressants toward a bespoke selection of antidepressants in MDD.®
Pharmacogenetics testing refers to evaluating a single allelic varia-
tion, while pharmacogenomic testing integrates allelic variance for
proteins that participate in both pharmacokinetic and/or pharmaco-
dynamic processes.” The rationale for considering a given patient’s

CONTINUED ON PAGE S3
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Unmet needs in major depressive disorder

1) Need to identify which patients with MDD will respond to/
tolerate (or not) antidepressant therapies (ie, personalized
medicine).

2) Treatments that are more (or less) likely to achieve
provider- and patient-desired outcomes (PROs) in MDD.

3) Treatments capable of attenuating critical dimension/
domain-based outcomes in MDD (eg, cognition).

4) Treatments that can rapidly attenuate depressive
symptoms.

Abbreviation: MDD, major depressive disorder.

genetic architecture when selecting antidepressant
therapy is suggested by the heterogeneity in treatment
response, tolerability, and safety of antidepressants
among individuals.®

Over a dozen proprietary products that claim to
offer improved therapeutic outcomes and/or cost-
effectiveness when routinely administered into clini-
cal practice are available globally. Notwithstanding
the claims made and the scientific rationale supporting
pharmacogenomic testing, current data do not support
routine pharmacogenomic testing in MDD as either
improving health outcomes and/or cost effectiveness.”
Consequently, position statements from the American
Psychiatric Association, Centers for Disease Control,
and the US Food and Drug Administration (FDA)
agree that pharmacogenomics testing should not be
used routinely in clinical practice.®* Nevertheless, there
are reasons to believe that in the near future, integrat-
ing pharmacogenomic/transcriptomic data with other
multimodality information (eg, neuroimaging) may be
a routine part of the clinical assessment and decision
support in the management of adults with MDD.?

Another key aspect of acceptability relates to drug-
drug interactions (DDIs).” A pragmatic perspective to
drug interactions with antidepressant therapy should
also consider potential DDIs associated with the con-
sumption of recreational marijuana and/or the use of
A9-THC or cannabidiol (CBD)."! A9-THC and CBD are
known inhibitors of CYP3A4, with A9-THC also being
an inhibitor of CYP2C9 and CBD also being an inhibi-
tor of CYP2C19." Marijuana inhalation also induces
CYP1A1l and CYP1A2, an effect not seen with mari-
juana edibles."

The need for greater efficacy across clinician-

and patient-reported outcomes

Results from the Sequenced Treatment Alternatives to
Relieve Depression (STAR*D) trial indicate that with
sequential therapeutic interventions, only approxi-
mately 10% to 15% of individuals will achieve remission
after 2 prior antidepressant interventions.' In addition
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to suboptimal symptomatic outcomes in the short-
and long-term, replicated and convergent evidence
indicates that most adults with MDD do not achieve
patient-reported outcomes (PROs). For example, most
individuals with MDD, despite achieving symptom-
atic remission, do not achieve full functional recov-
ery.”® The implications for treatment acceptability and
health outcomes of PROs in MDD were underscored
by a post-hoc analysis of the STAR*D study, wherein
investigators sought to determine the impact of a single
multidimensional measure (ie, Individual Burden of
Illness Index for Depression [IBI-D]) integrating symp-
toms functioning and quality of life." When evaluating
adults exiting Level 1 treatment in STAR*D remission, it
was determined that IBI-D score alone was a powerful
predictor of relapse over the ensuing 6 to 12 months.™

Treatments capable of attenuating critical
dimension/domain-based outcomes in MDD
Select antidepressants are capable of improving mea-
sures of pain (eg, duloxetine, venlafaxine), while bupro-
pion has demonstrated efficacy in smoking cessation
and attention deficit hyperactivity disorder (ADHD)."®
Vortioxetine therapy can improve both objective and
subjective measures of cognitive function in adults with
MDD, an effect that is direct, independent, and clini-
cally relevant.'

As a proxy of the need for multi-dimensional symp-
tom relief in depression, it is amply documented that
adults with MDD are frequently prescribed polyphar-
macy with combination antidepressants and adjunctive
anxiolytics and hypnotics.”” There has been a signifi-
cant upward trajectory in the prescription of benzodi-
azepines, particularly in primary care, during the past
15 years."” It could be conjectured that the requirement
for benzodiazepines in MDD reflects the unmet need
of existing antidepressants to aggregate symptoms of
anxiety, sleep disturbance, and dysphoria, and in some
cases reflects the overactivating effect of antidepres-
sants themselves.

Itis a testable hypothesis, derived from the STAR*D
study, that treatments that are capable of improving
measures of cognition and/or motivation/anhe-
donia would be disproportionately better able to
improve health outcomes/acceptability in MDD. In
the interim, rational combinations of treatments in
MDD should be selected and combined based on
their ability to improve some of the foregoing fea-
tures. Furthermore, results from individual patient
meta-analyses indicate that pharmacotherapy and
manualized-based cognitive behavioral therapies
are not equally effective in MDD. This comes from
the view that targeting select symptoms with phar-
macotherapy is more effective than CBT at targeting
symptoms commonly encountered (eg, psychic anxi-
ety and fatigue).’®
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Rapid-onset treatments for depression:
treatments capable of offering clinically
significant symptom mitigation within 24 hours

Nonpharmacological Pharmacologic

e Electroconvulsive e Ketamine
therapy (ECT)

¢ Sleep deprivation

* Nitrous oxide

* Brexanolone

® Rapastinel ?

® Buprenorphine-Samidorphan ?

¢ Psychedelics (eg, Psilocybin,
Ayahuasca)

The need for faster-onset treatments

During the past decade, several reviews have broadly
aimed to ascertain the temporality of onset of action of
antidepressants. Taken together, utilizing full sample
data, it is now consistently observed that most adults
who will eventually remit with a chosen antidepressant
therapy begin to exhibit clinically observable changes
(i.e., 220% improvement in depressive symptom sever-
ity from baseline) within 2 weeks of initiation of ther-
apy.” The modest positive predictive value of early
improvement is overshadowed by the robust negative
predictive value of lack of symptomatic improvement
within the first 2 weeks.”

Available evidence indicates that intravenous race-
mic ketamine and intranasal esketamine (recently FDA
approved in March 2019 for treatment-resistant depres-
sion) can attenuate depressive symptomatology within
24 hours of treatment.” The rapid onset of action of ket-
amine therapy has not been demonstrated unequivo-
cally with oral formulation.”!

Historically, rapid-onset treatments in psychiatry
have included sleep deprivation and, in some cases,
electroconvulsive therapy (ECT).2* The limitations of
sleep deprivation and ECT are patient acceptability and
high rates of relapse/recurrence with sleep restoration
and/or the absence of continuation therapy.* Recently,
the FDA approved brexanolone for postpartum depres-
sion; it exhibits robust and rapid antidepressant effects
in women with postpartum depression within 1 to
2 days (Table 2) *

Conclusion

MDD is a severe disabling, often chronic disease associ-
ated with substantial loss of life. Notwithstanding the
availability of proven multimodality antidepressant
strategies, most individuals with MDD do not achieve
the therapeutic objectives prioritized by patients, pro-
viders, and society. Treatment discovery and develop-
ment in MDD is prioritizing unmet needs, particularly
related to more effective treatments with rapid onset of

action that can attenuate symptom severity, notably in
dimensions that principally mediate health outcomes
(eg, cognition, anhedonia).
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Innovative Strategies for Treatment
of Major Depressive Disorder:
A Brief Review of Recent Developments

Michael E. Thase, MD

BOTTOM LINE: Innovative Strategies for Treatment of Major Depressive Disorder:
A Brief Review of Recent Developments

Sequenced Treatment Alternatives to Relieve Depression (STAR*D) study demonstrated the need for alternate
medications for patients who do not benefit from standard antidepressants. Innovative strategies that target
novel mechanisms like ketamine, esketamine, brexanolone, and SAGE-217 may fill some of the unmet needs.

Introduction

After an exhilarating epoch of drug development that
led to the introduction of more than a dozen second-
generation antidepressants, the pace of discovery
slowed to a virtual standstill; most of the “new” drugs
introduced after 2000 were metabolites, stereoiso-
mers, or reformulations of existing medications and
virtually all targeted serotoninergic or noradrenergic
neurotransmission.” As underscored by the results
of the Sequenced Treatment Alternatives to Relieve
Depression (STAR*D) study,® the need for alternate
medications for patients who do not benefit from stan-
dard antidepressants remains unmet. In 2019, 2 antide-
pressants with truly novel mechanisms of action were
approved by the US Food and Drug Administration
(FDA). This article will summarize these and other
recent developments in antidepressant therapy.

Ketamine, serendipity, and discovery of a
paradigm-changing treatment for depression
Like the ground-breaking, serendipitous discoveries
of the 1950s that led to the first-generation of antide-
pressants, a next generation of depression therapeutics
may have begun with anecdotal observations during
studies that employed a single, sub-anesthetic dose of
intravenous (IV) ketamine as a pharmacological probe.*
Ketamine is an old drug—first approved by the FDA
in 1970—and its psychoactive effects are thought to
result from potent, noncompetitive blockade of NMDA
receptors.® Although safer than its ancestor phencycli-
dine (PCP), ketamine also has abuse potential because
of its dissociative, euphorigenic, and psychotomimetic
effects.’ For these reasons, ketamine was used to inves-
tigate the role of glutamatergic neurotransmission in
the pathophysiology and treatment of psychosis, which
led to the unanticipated observation of rapid relief of
depressive symptoms in several healthy volunteers

“at risk” for psychosis. These effects were confirmed
in smaller scale, double blind crossover studies of
depressed patients®® and, within a decade, there was
broad replication that IV ketamine (0.4-0.6 mg/kg
infused over 20 to 40 minutes) had antidepressant
effects for 40% to 60% of patients with treatment-resis-
tant depression (TRD).”® As most ketamine responders
will relapse within 4 to 7 days of a single infusion,>'
repeated dosing protocols were implemented such that
frequency is gradually tapered from twice weekly to
weekly to every other week.

Ketamine’s novel mechanism of action, coupled with
the rapidity of antidepressant effects, have generated
considerable enthusiasm.""? Potentially important clin-
ical applications include inpatient units, where the cost
of care generally exceeds $1000 day in most US settings.
As IV ketamine therapy produces a rapid reduction in
suicidal ideation,” use in emergency rooms coupled
with “wrap around” crisis management also might
reduce the need for hospitalization.

There are, however, many reasons to be cautious
about the increasing use of ketamine.'*!> Ketamine is a
Schedule III controlled substance and there are medico-
legal, ethical, and clinical concerns pertaining to its off-
label use. Most ambulatory psychiatric practices are
not well-suited to administer and monitor this drug:
beyond the ketamine’s psychoactive effects, relatively
common transient side effects include cognitive impair-
ment, nausea, sedation, tachycardia, and increased
blood pressure, which require 1 to 2 hours of observa-
tion in a clinically supportive setting.” Guidelines have
been proposed by an American Psychiatric Association
Task Force to ensure the safety of IV ketamine therapy,'®
although in practice therapy is not regulated.

Arguably, the most ominous concerns about IV ket-
amine therapy pertain to the potential for tolerance of
therapeutic effects and the possibility of later emerging

Supplement to Current Psychiatry | Vol 18, No 9 | September 2019 S5



NEW THERAPIES
FOR MDD

adverse effects. Indeed, people who abuse ketamine
typically ingest progressively larger doses to “chase”
the intoxicating effects. Complications such as neuro-
toxicity and a form of aseptic cystitis have been docu-
mented in some heavy users.”!¢ There are no data from
well-controlled studies of longer courses of IV ketamine
therapy, although anecdotal experiences from clinical
practice suggest that many patients can receive ongoing
therapy across months or even years without develop-
ing tolerance of antidepressant effects or adverse effects.

Esketamine: the first descendent of ketamine to
receive FDA approval for TRD

As ketamine is a racemic compound, its S and R enan-
tiomers were obvious candidates for commercial devel-
opment. The S enantiomer, now called esketamine, was
already in use as an anesthetic in some countries and
antidepressant effects were observed both anecdotally’”
and in 1 small, well-controlled study.’® Moreover, as
esketamine is a more potent NMDA channel blocker
than the R enantiomer, it was thought to be a good
choice for research on other methods of drug delivery
that could improve both the access to and convenience
of therapy in ambulatory psychiatric settings. With this
goal in mind, phase 2 and phase 3 studies of esketamine
were conducted using a novel intranasal (IN) delivery
device. Although IN drug delivery is generally not as
predictable as IV administration, phase 1 studies sug-
gested that adequate drug exposure could be achieved
with IN administration of esketamine.'

The phase 3 program for IN esketamine (Spravato™)
largely focused on 2 IN doses (56 mg and 84 mg)
and was delimited to patients with TRD. The FDA
approved IN esketamine (Spravato™) in early 2019.%
The basis for approval included 2 positive pivotal
trials,** as well as several positive phase 2 trials. >
One of the pivotal studies required that patients
begin a new antidepressant medication concurrent
with starting IN esketamine (56-84 mg/day) or its
masked placebo; participants received 2 doses per
week for 4 weeks.”! The antidepressant effects of IN
esketamine were apparent 24 hours after the first dose
and improvement was sustained across the double
blind protocol. Although the magnitude of the effect
was more modest than some had anticipated,” the
numbers needed to treat for response and remission
were both reasonably large (ranging from 5 to 7) and
clinically meaningful. The side effects observed in the
short term studies of IN esketamine were very similar
to those observed with IV ketamine.?*** IN delivery
is uniquely associated with an unpleasant taste (dys-
geusia), which sometimes results in vomiting. The
subjective intensity of dissociative and other “trippy”
experiences also may be somewhat lower with IN
delivery, which is consistent with the lower drug expo-
sure compared with IV administration.

The second pivotal study used a relapse prevention
paradigm, enrolling TRD patients who had responded
to >4 weeks of adjunctive IN esketamine therapy (56 or
84 mg twice weekly).? After ensuring the stability of
response and transition to weekly or every other week
therapy, patients were randomly allocated to receive
either ongoing IN esketamine therapy or were switched
to masked placebo; all continued to take a standard
antidepressant. Results were unequivocal: patients
who received ongoing adjunctive IN esketamine had
a significantly lower risk of relapse than those who
were switched to IN placebo and this difference was
evident within the first month of drug discontinuation.
Importantly, aside from depressive relapse, there were
no signs of drug withdrawal in the patients who were
switched to placebo and no later emergent side effects
in patients receiving ongoing IN esketamine therapy.
Interestingly, the relative hazard of relapse following
drug discontinuation was substantially greater among
the subset of incompletely remitted patients compared
with those who had fully remitted. To date, no compar-
ative studies of IN esketamine have been conducted.
There is obvious need for a head-to-head comparison
with IV ketamine, particularly studies large enough to
properly test safety, acceptability, noninferiority (ie, true
therapeutic equivalence), and cost-effectiveness.

In contrast to the off-label use of IV ketamine, IN
esketamine therapy in the United States will be care-
fully monitored according to a Risk Evaluation and
Mitigation Strategy (REMS); the need for a REMS
reflects the FDA’s and the manufacturer’s recognition
that this is a new approach to therapeutics that war-
rants additional safeguards to ensure patient safety and
responsible use of a controlled substance. Patients will
be entered into a registry, only certified centers will pro-
vide IN esketamine therapy, the drug will not be sold at
retail pharmacies, and patients will not have access to
multiple doses of IN esketamine.

Other drugs that target glutamatergic
neurotransmission

Several other drugs that modulate the NMDA receptor
have not passed muster as antidepressants. Notably,
phase 3 programs for 2 promising compounds that
were being developed for IV therapy, lanecimine®%
and raspastinel,”** were terminated because of insuf-
ficient evidence of efficacy. Several orally administered
drugs that are known to antagonize glutamatergic neu-
rotransmission, including riluzole, lamotrigine, and
memantine, have also failed to show consistent antide-
pressant effects.’

Drugs that target endogenous opioid
mechanisms

It has been suggested that the antidepressant effects of
ketamine and esketamine may be differentiated from
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other glutamatergic drugs by their effects on the endog-
enous opioid system.* Indeed, in a small experiment of
IV ketamine responders, pretreatment with naltrexone
blocked the antidepressant effects of IV ketamine, but
not the dissociative effects.?” There has been a longstand-
ing interest in the relationships between the endog-
enous opiate system and dysphoria, despair, pleasure,
and the anticipation of reward*??; patent medications
containing tincture of opium were once marketed to
remedy emotional maladies. However, interest in the
therapeutic potential of opiates has been suppressed by
the strong potential for abuse and lethality of overdose;
these concerns have grown even larger during the cur-
rent epidemic of opiate abuse.

Recent pharmacologic developments that permit
more selective modulation of opiate systems may
provide a way forward.®® For example, buprenor-
phine, which is a p- and k-opioid partial agonist with
a better safety profile than conventional opioids, has
shown some antidepressant effects in difficult-to-treat
depression.*®* The investigational drug samidorphan,
a potent p-opioid antagonist, has been paired with
buprenorphine to further dampen undesirable opi-
ate effects and minimize abuse liability.*? A sublingual
proprietary formulation of this combination, called
ALKS-5461, has been developed and, in a proof of
concept study in TRD, the 2 mg/2 mg dose showed
significant antidepressant effects as an adjunct to
antidepressants.®® A subsequent, large scale phase 3
program confirmed the overall safety of ALKS-5461,
but the studies yielded inconsistent results on efficacy
measures.** In early 2019, the FDA judged the evi-
dence base to be insufficient for merit approval and
suggested additional studies.

The evolving story of brexanolone: first member
of a neurosteroid class of antidepressants?
Enthusiasm for research on the potential antidepres-
sant effects of drugs that modulate gamma aminobu-
tyric acid (GABA) neurotransmission was rekindled in
the 1990s by recognition that GABA interneurons play
an important role in dampening activation of excit-
atory amino acids such as glutamate.* Conventional
GABAergic drugs are already widely used to treat anxi-
ety and insomnia associated with depression, though
many of these drugs are Schedule III controlled sub-
stances and none are actually approved for treatment of
MDD. Recognition of the potential of the neurosteroid
allopregnanolone, a metabolite of progesterone, to
allosterically modulate extrasynaptic GABA-A recep-
tors led to investigations of a proprietary, injectable
formulation called brexanolone as an anticonvulsant.®
Evidence that a precipitous drop in progesterone and
allopregnanolone may be associated with the onset of
depressive symptoms following childbirth,* coupled
with emerging evidence on the safety of brexanolone,
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led to a series of studies in post-partum depression
(PPD).2# As both the proof of concept study® and a
pair of phase 3 trials* showed significant antidepres-
sant effects, brexanolone (Zulresso™) was approved by
the FDA in early 2019 as the first treatment specifically
indicated for PPD. By heritage, the drug is classified
as a Schedule IIT controlled substance. Unlike all other
psychiatric medications, brexanolone is administered
via slow IV infusion across 60 hours (30 pg/kg/hour x
4 hours followed by 60 ug/kg/hour x 20 hours and
90 ng/kg/hour x 28 hours; the dose is tapered over the
final 8 hours of therapy). The antidepressant effects of
brexanolone are rapid and fully evident by the end of
the 60 hour infusion; the magnitude of the drug effect
was about a 20% difference (ie, 5 points) in symptom
scores.®** Currently, only a single infusion session is
recommended and, in clinical trials, antidepressant
effects were sustained across 4 weeks. Common side
effects following a single IV infusion of brexanolone
include sedation/somnolence, dry mouth, flushing,
and loss of consciousness; about 4% of clinical trial par-
ticipants with PPD discontinued brexanolone therapy
because of intolerable side effects.* Because of the risk
of loss of consciousness, monitoring by a health care
professional is required throughout the infusion. Like
esketamine, clinical use of brexanolone is regulated by
a REMS, which includes a patient registry. Studies of an
oral formulation of a related drug are under way, as are
studies in other forms of depression.

Conclusions

In the past decade, therapeutic optimism about the
prospects of truly novel antidepressants that target
neural systems other than serotonin or norephineph-
rine has skyrocketed and, in 2019, 2 new antidepres-
sants—IN esketamine for TRD and IV brexanolone for
PDD—have been approved by the FDA. The wave of
optimism and enthusiasm that such important discov-
eries must now be balanced by post-marketing research
and sufficient clinical experience to understand the
potential benefits and limitations of these new thera-
pies. Nevertheless, it is fair to say that the broader con-
cept of non-monoaminergic therapies has now been
proved and the prospects for a third generation of anti-
depressant are better than ever before.
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