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State of the art

Pharmacological approaches to the challenge

of treatment-resistant depression
Dawn F. lonescu, MD; Jerrold FE Rosenbaum, M D;

Jonathan E. Alpert, MD, PhD

Although monoaminergic antidepressants revolution-
ized the treatment of Major Depressive Disorder (MDD)
over a half-century ago, approximately one third of de-
pressed patients experience treatment-resistant depres-
sion (TRD). Such patients account for a disproportion-
ately large burden of disease, as evidenced by increased
disability, cost, human suffering, and suicide. This re-
view addresses the definition, causes, evaluation, and
treatment of unipolar TRD, as well as the major treat-
ment strategies, including optimization, augmentation,
combination, and switch therapies. Evidence for these
options, as outlined in this review, is mainly focused on
large-scale trials or meta-analyses. Finally, we briefly re-
view emerging targets for antidepressant drug discov-
ery and the novel effects of rapidly acting antidepres-
sants, with a focus on ketamine.
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Treatment-resistant depression:
definition and importance

“Ever tried. Ever failed. No matter. Try again. Fail again. Fail better.”
Samuel Beckett

epression is among the top public health con-
cerns worldwide, causing significant disability and dis-
ease burden.! In the United States alone, a total of $200
billion is spent annually on depression,’ eclipsing the
totals spent on cancer and diabetes. In 2012, it was es-
timated that 16 million people were living with depres-
sion in the United States. Individuals with treatment-
resistant depression (TRD), often broadly defined as
failure to achieve response or remission to at least one
proven antidepressant trial with adequate dosing and
duration,>* account for nearly $64 billion of the total
cost of depression.? Given that approximately one third
of depressed patients are considered “treatment-resis-
tant,” this group disproportionally accounts for the
largest burden of disease, underscoring the importance
of innovation and discovery in this area.
The aim of antidepressant therapy is symptom re-
mission or the reinstatement of euthymia—often de-
fined as a score <7 on the total Hamilton Depression
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Rating Scale (HDRS).® Response, traditionally defined
as a 250% decrease in the score from baseline on a de-
pression rating scale (commonly, the HDRS), has prov-
en to be an inadequate goal, as many patients meeting
the criteria for response will continue to have residual
symptoms and functional impairments.®” Moreover, un-
remitted patients report poorer quality of life and are at
a higher risk for relapse and recurrence of depression.’
Specifically, in the Sequenced Treatment Alternatives to
Relieve Depression (STAR*D) trial—the largest ran-
domized depression study to date—68% of respond-
ers relapsed within the first year following treatment,
compared with 47% of remitters who relapsed.’ In ad-
dition, when more treatment steps are needed, lower
acute remission rates and higher relapse rates are to
be expected. Indeed, one third of the STAR*D cohort
never remitted, even after four consecutive treatment
trials.>® Furthermore, the remission rate was a mere
27.5% in Phase 1 treatment with citalopram, based on
HDRS scores, and 32.9% based on the Quick Inventory
of Depressive Symptomology, Self-Report (QIDS-SR)
scores.!” These data highlight the importance of aim-
ing for remission at the outset of treatment in patients
with depression—and the need for improved treatment
strategies for getting there.

Despite the limitations of current antidepressant
therapies for the treatment of refractory depression,
strides have been made. As such, the purpose of this re-
view is threefold: (i) To describe the definition of and
factors associated with TRD; (ii) To outline current ap-
proaches to the evaluation and treatment of refractory
depression; and (iii) To highlight future directions in the
development of novel therapeutics for TRD, with a fo-
cus on ketamine and scopolamine.

Definition and associated factors

Multiple definitions of TRD and schemas for staging
severity of resistance have been proposed over the
years.''? As clinical research in this area has not been
guided by a single standard, eligibility criteria for stud-
ies of TRD have varied quite widely. In addition, some
studies (such as STAR*D) have established treatment
resistance prospectively through an initial antidepres-
sant trial; others have established resistance retrospec-
tively through review of medical records or patient
recall. A notable challenge in studies involving retro-
spective assessment has been disentangling failure to

respond to treatment from treatment intolerance or
initial response followed by relapse.

Why is it that some patients with depression will
respond to treatment with a single monoaminergic an-
tidepressant, whereas others will require several differ-
ent trials to reach remission, if remission is, in fact, ever
reached? The heterogeneity of depression—coupled
with a current lack of reliable biological predictors of
response to individual agents—are major factors. Us-
ing criteria from The Diagnostic and Statistical Manual
of Mental Disorders (DSM),"” two individual patients
with very different sets of symptoms can both meet di-
agnostic criteria for major depressive disorder (MDD).
Moreover, depression varies in severity (ranging from
mild to incapacitating), course (eg, intermittent, epi-
sodic, chronic), and comorbidity (eg, anxiety disorders,
substance misuse disorders). Grouping these clinically
diverse patients into a single diagnostic category for re-
search purposes has the potential to limit an accurate
understanding of heterogeneous groups of depressed
patients.

Thus, TRD itself is a relative term that is somewhat
misleading. Patients with TRD are not so much treat-
ment-“resistant,” but rather, the heterogeneity of the
condition “depression” implies that patients are not re-
ceiving treatments that are matched to their individual
diathesis. More specifically, there is a need for treatment
matching, as well as a particular need for novel treat-
ments targeted at “types” of depression not currently
addressed by available treatments—hence, for patients
with TRD. It is not that patients with TRD cannot re-
spond to antidepressant treatments; TRD represents
our inability as clinicians to match depressed patients
with a treatment regimen specific for targeting their
unique psychopathology.

Though the neurobiology that underpins depression
and its subtypes is yet to be elucidated, there are sev-
eral clinical factors associated with TRD. Specifically,
poorer treatment outcomes are associated with minori-
ty ethnic/racial status, socioeconomic disadvantage, axis
I and II comorbid disorders, lower function and quality
of life, and anxious and melancholic features.'* On an
important clinical note, approximately 50% of patients
with depression have an anxious component,'>!” high-
lighting anxious depression as a subtype of depression.
Furthermore, anxious depression, defined in the litera-
ture variably as MDD with anxiety symptoms or MDD
with a comorbid anxiety disorder, may have a unique
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neurobiological signature.’® Even when patients with
anxious depression respond to antidepressant thera-
pies, they do not stay as well for as long as their nonanx-
ious counterparts.'” The personality traits of low reward
dependence and low cooperativeness, as measured by
the Temperament and Character Inventory, have also
been suggested as risk factors for TRD.?

Evaluation of patients

Given the high prevalence of depression, all physicians
who treat depression will inevitably encounter patients
with TRD. However, a thorough evaluation is critical
before concluding that a patient is truly “treatment-
resistant.” Table I outlines recommended steps when
evaluating patients with TRD.

The adage “diagnose before you treat” applies when
confronting TRD. Physicians should use careful consid-
eration to critically examine the diagnosis, even if the
patient has carried the diagnosis for years. For example,
identifying that a patient has MDD with psychotic fea-
tures, as opposed to melancholic depression, is essential
for guiding the next steps in treatment. Ruling out med-
ical correlates of depression, such as hypothyroidism or
anemia, is similarly valuable. Assessing for comorbid
psychiatric diagnoses (eg, substance use disorders, ob-
sessive-compulsive disorder [OCD] and post-traumatic
stress disorder [PTSD]) is also important for evaluating
patients with TRD.

Assessing adherence at each visit is also crucial, as
TRD may result from nonadherence to medication reg-
imens. Patients, as well as their friends and family mem-
bers, can be ambivalent about diagnosis and treatment.
Cost may also be a barrier, though this issue may be em-
barrassing or uncomfortable for patients to talk about
with their provider. Hence, the provider should create a

Principles of evaluation Specific considerations

Diagnosis
thyroidism, anemia)

secure environment for such discussions to take place.
Cognitive deficits and difficulty with instructions can
also be a barrier to treatment. In these instances, it is
especially important for the provider to educate and
advocate for his or her patients, as well as to involve
family members and caretakers, when possible. Addi-
tionally, side effects can influence nonadherence. In this
instance, providers can consider adjusting the medica-
tion dose, or adding an agent for addressing side ef-
fects.! Improving adherence measures alone may save
the patient from unnecessary suffering.

Differences in pharmacokinetics are important to
consider when evaluating patients with TRD, as certain
genetic factors may predispose patients to treatment
resistance and/or side effects. For example, several sin-
gle nucleotide polymorphisms (SNPs) in the CYPIA2
gene, which codes for the hepatic enzyme CYP1A2, are
indicators for rapid escitalopram metabolism; further-
more, fast metabolizers may experience more severe
adverse events (especially in early treatment stages),
which are thought to be related to higher ratios of S-
didesmethylcitalopram to S-desmethylcitalopram.”
Cigarette smoking induces activity of the CYP1A2*
and CYP2B6* enzymes, as well as the metabolism of
clozapine and olanzapine (antipsychotic medications).?
Effective concentrations of several antidepressants (eg,
duloxetine, amitriptyline, bupropion, and fluvoxamine)
may be negatively affected by smoking status. Con-
versely, smoking cessation can decrease antidepressant
metabolism, potentially leading to increased levels and
side-effect burden. Additionally, it is important to con-
sider drug-drug interactions in light of the frequency
of polypharmacy, as induction or inhibition of hepatic
enzymes by one medication can induce serious side ef-
fects and/or impair functioning of other medications.?*?’
When evaluating regimens of two or more medications,

Reassess diagnoses; determine if primary psychiatric disorder vs general medical condition (eg, hypo-

If primary psychiatric disorder, consider treatment based on subtype

Psychiatric comorbidity

Adherence
ence and biases; side effects

Pharmacokinetics

Dose and duration

Table I. Steps in evaluating treatment-resistant depression.

Evaluate for comorbid substance abuse, obsessive-compulsive disorder, post-traumatic stress disorder

Ambivalence towards diagnosis and treatment; cognitive problems; cost; family/significant other influ-

Drug-drug interactions; rapid/fast metabolizers; smokers

Confirm correct dosage and duration of medication trial
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computing interactions through a technology-based ap-
plication should be considered.

Though all physicians will encounter patients with
TRD to varying degrees depending on medical special-
ty, certain providers may feel more comfortable with
treating TRD patients than others. In general, primary
care physicians should refer patients to a psychiatrist
(for consultation and/or long-term care) following the
failure of two or more standard antidepressant thera-
pies at adequate dosing and duration, or at any point
during treatment when they desire a second opinion.
Once in the care of a psychiatrist, TRD patients can
benefit from trying other classes of antidepressants—
such as tricyclic antidepressants (TCAs) and mono-
amine oxidase inhibitors (MAOIs)—which are not of-
ten prescribed by primary care doctors for depression.
Referral to a psychopharmacologist is typically good
practice for patients requiring augmentation strategies.

Perhaps the best practice approach to treating de-
pressed patients in the primary care setting is a collab-
orative one, as 67% of patients treated by a psychiatrist
in collaboration with a primary care physician have
been found to have an adequate antidepressant treat-
ment regimen (compared with 55% of patients treated
by a psychiatrist alone, and 29% of patients treated by
a primary care physician alone).?® For patients who do
not achieve remission in this approach, one could con-
sider referral to an experimental therapeutic environ-
ment, such as a psychopharmacological research study
or medical device trial.

Preparing the patient for treatment

Recognizing that only one in three depressed individu-
als will achieve remission on their first antidepressant,’
the possibility of requiring additional steps should be
anticipated with a patient whenever initiating an anti-
depressant. If initial treatment has not been successful,
it is helpful to revisit this discussion and prepare the
patient for the journey that lies ahead. While depressed,
many patients need to be disabused of the notion that
failure to respond to an antidepressant is their failure
or evidence that they are beyond help. Patients need to
know that lack of response or remission on a prior agent
does not preclude positive outcomes on subsequent tri-
als. Indeed, most individuals who eventually remit re-
quire two or more antidepressant trials. Although only
33% of patients in STAR*D remitted in the first level,

67% remitted overall by the end of the fourth level.
Furthermore, although side effects are possible, they
may dissipate. If side effects persist, changes in dose or
medication may be required. Although providers of-
ten select treatment regimens through evidence-based
procedures and experience, there still exists a level of
“trial and error” that may take the therapeutic relation-
ship through multiple treatment trials. It is important to
convey the message that the clinician will stick with the
patient on the road to recovery, whether it involves a
single next-step treatment or many steps.

Treatment strategies

There are no straightforward algorithms or charts for
treating resistant depression. Instead, several options
must be considered and tailored for each patient. Spe-
cifically, current options consist of Switching thera-
pies, Augmentation, Combination, and Optimization.
We suggest the mnemonic “SACO” to aid providers
in choosing the next option. As saco can mean bag
in Spanish, these options are a “bag of tricks” for the
psychiatrist to use when confronting the treatment
of refractory depression. Here, we will briefly review
each strategy. Of note, we will focus on psychophar-
macological treatment strategies. Thus, more compre-
hensive reviews are discussed elsewhere for strategies
pertaining to psychotherapies,” electroconvulsive
therapy (ECT),* transcranial magnetic stimulation
(TMS),* deep-brain stimulation (DBS),* vagal nerve
stimulation,® light based-therapies,® exercise,’! acu-
puncture,’! and yoga.’!

Optimization

Though there is no evidence-based order to adhere to
when considering SACO, optimization of current medi-
cation dose is typically the most parsimonious next step
in treatment. Indeed, optimization should be consid-
ered before a referral to a higher level of care is made.
Optimization generally consists of increasing the medi-
cation dose, as tolerated, at least to standard maximal
doses for 6 to 12 weeks,*>* though potentially involving
doses generally considered supratherapeutic (eg, ser-
traline 250 mg to 350 mg), particularly for individuals
who have required unusually high medication doses in
the past or have demonstrated good tolerability and
partial response.
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Augmentation

The addition of a non-antidepressant medication, or
augmentation, to an adequate dose and duration of a
tolerated antidepressant is a logical next strategy for
treatment resistance. This strategy is typically employed
when a patient experiences at least a partial response to
the initial agent. Commonly used augmentation strate-
gies are listed in Table I1.

First-line Atypical antipsychotics
Lithium
Thyroid hormone (T3)
Celecoxib
L-methylfolate
Modafinil

Benzodiazepines
S-adenosyl-methionine

Second-line

Folate

Omega-3 fatty acids

Buspirone

Lamotrigine
Methylphenadate/amphetamines
Estrogen/testosterone

Pindolol

Pramipexole

Nonbenzodiazepine hypnotics

Mixed/little/
no evidence

Table IIl. Augmentation strategies.

Atypical antipsychotics are the most studied class
of augmenting agents to selective serotonin reuptake
inhibitors (SSRIs) and serotonin-norepinephrine reup-
take inhibitors (SNRIs) for depression.** Specifically,
the FDA has approved both aripiprazole and que-
tiapine for augmentation, and combination olanzap-
ine-fluoxetine (OFC). Other atypical antidepressants
which have been shown to be effective in randomized
controlled trials include risperidone® and ziprasidone.*
Patients on atypical antipsychotics as augmentation
agents have approximately twofold higher odds for
reaching remission compared with placebo, as high-
lighted in several meta-analyses.’”* Target dosing rec-
ommendations for antipsychotic augmentation differ
from those recommended for antipsychotic dosing, and
range from aripiprazole 5 mg to 20 mg/day, quetiapine
150 mg to 300 mg/day, and OFC 3 mg/25 mg to 12 mg/50
mg per day.* The use of atypical antipsychotics involves
a careful risk-benefit assessment as these agents possess
serious short- and long-term treatment-emergent side
effect burdens (eg, sedation, metabolic syndrome and

central obesity, extrapyramidal side effects),* increas-
ing the related health risks and risk of discontinuation.

A recent review of the literature regarding lithium
augmentation in 30 open-label studies and 10 placebo-
controlled trials highlights its favorable efficacy for the
treatment of resistant depression.*! Lithium augmenta-
tion has significantly better antidepressant effects com-
pared with placebo, with a mean response rate of 41.2%
(versus 14.4%). However, much of the previous litera-
ture studied lithium augmentation of TCAs. The pau-
city of data on augmentation of contemporary agents,
together with the need for therapeutic drug monitoring
and risk of side effects and toxicity, has limited the use
of lithium.

Though less studied than lithium augmentation, thy-
roid augmentation can also be considered as a treatment
strategy. Specifically, triiodothyronine (T3) is preferred
to thyroxine (T4) as antidepressant augmentation, due
to its bioactivity in the CNS.#* In a meta-analysis of
T3 augmentation (25-50 pg/day) in patients who failed
to respond to a TCA, Aronson and colleagues found
that patients were twice as likely to achieve response
compared with placebo.” More recently in STAR*D,
T3 augmentation resulted in a 24.7% remission rate,
compared with 15.9% with lithium augmentation, in
treatment-resistant patients who failed two previous
antidepressant trials.* Though these rates were not sig-
nificantly different, thyroid augmentation is safer and
better tolerated than lithium* and generally has high
patient acceptability compared with many psychotro-
pics. However, randomized, double-blind studies in-
volving current agents are lacking.*

Though the most data exists for augmentation with
atypical antipsychotics, lithium, and T3, several other
augmentation strategies are popularly employed. Brief-
ly, inflammation has been suggested to play a role in
the pathophysiology of depression.”#® As such, there
has been an increasing interest in studying anti-inflam-
matory drugs as augmenting treatments for depression.
For example, a meta-analysis of 4 trials (n=150) of ce-
lecoxib, a nonsteroidal anti-inflammatory drug, showed
significant antidepressant efficacy compared with place-
bo.* Similarly, the monoclonal antibody infliximab (an
inhibitor of tumor necrosis factor-alpha [TNF-o], an in-
flammatory cytokine) was found to improve depressive
symptoms among patients with elevated inflammatory
biomarkers (eg, C-reactive protein) in a single study.”
Omega-3-fatty acids (eg, eicosapentaenoic acid [EPA]

115



State of the art

and docosahexaenoic acid [DHA]), which also have
anti-inflammatory properties, have been studied for
treatment of MDD. A meta-analysis showed a small but
insignificant benefit of omega-3-fatty acids for the treat-
ment of MDD, with no difference in efficacy between
monotherapy and augmentation, although publication
bias cannot be ruled out.”!

Folate, L-methylfolate (also known as 5-methyltet-
rahydrofolate or 5-MTHF), and S-adenosyl-methionine
(SAMe) have also been evaluated as potential antide-
pressant augmentation agents. Folate, an essential amino
acid, is metabolized to SAMe through the one-carbon
cycle—an essential metabolic pathway which also plays
a role in neurotransmitter synthesis. L-methylfolate is a
biologically active intermediary molecule in this path-
way, which readily crosses the blood-brain barrier. Folate
(folic acid, 5 mg/day) has not been shown to add benefit
to active antidepressant treatment,”>> though the use of
L-methylfolate and SAMe appears to be more promis-
ing.>* In one study, outpatients with TRD (n=148) were
randomized to placebo for 60 days, L-methylfolate (7.5
mg/day for 30 days followed by 15 mg/day for 30 days),
or a combination of placebo for 30 days followed by L-
methylfolate (7.5 mg/day) for 30 days, all while being
maintained on their SSRI antidepressant regimen.” The
results yielded no significant differences in outcomes be-
tween the treatment groups. However, in a second trial of
the same design, patients (n=75) randomized to L-meth-
ylfolate received 15 mg/day.> At this dose, adjunctive
L-methylfolate was found to have significantly greater
antidepressant efficacy compared with placebo. L-meth-
ylfolate was well tolerated overall, with no differences to
placebo in adverse events. Further post-hoc testing re-
vealed that biomarkers associated with inflammation, as
well as genetic markers associated with L-methylfolate
synthesis and metabolism, may be useful for identifying
responders to adjunctive therapy.®® Along those lines,
SAMe (800 mg to 1600 mg/day) has been shown to be
a safe and effective augmentation agent to serotonin
reuptake inhibitors.”” A placebo-controlled trial found
that patients with TRD (n#=73) had significantly greater
response and remission rates with SAMe augmentation
(800 mg twice daily) compared with placebo.”® Of note,
SAMe monotherapy failed to show an efficacy advan-
tage over escitalopram and placebo in a recent 12-week
placebo-controlled, randomized, double-blind clinical
trial,” suggesting that it may be more effectively used for
augmentation than as monotherapy.

As discussed, anxious depression represents a sub-
type of depression that is more difficult to treat'*®;
therefore, benzodiazepines are frequently used as
augmenting agents in clinical practice.”” One double-
blind, placebo-controlled study found that lormetaz-
epam augmentation with TCAs resulted in significant
improvements in depression scores after 4 weeks of
treatment.”” Clonazepam augmentation of fluoxetine
was superior to fluoxetine monotherapy for treating
depressive symptoms in the first 3 weeks of treatment,
though patients were not recruited based on treatment
resistance.® Furthermore, a review of the literature
found that benzodiazepine augmentation of SSRIs can
result in rapid control of baseline anxiety, as well as
SSRI-induced anxiety (at the beginning of treatment),
and improved adherence to antidepressant therapy.®!
However, as always, the benefits of treatment must be
weighed against the risks of side effects (eg, cognitive
slowing in elders, transient sedation), abuse potential
in prior abusers and withdrawal symptoms with abrupt
discontinuation, and possible reports of worsening of
mood.®" Of note, augmentation of fluoxetine with the
non-benzodiazepine hypnotic eszopiclone (3 mg/night)
resulted in rapid, substantial, and sustained sleep im-
provement, as well as faster and greater antidepressant
effects, compared with placebo in one 8-week trial.*

For patients with depression, fatigue is one of the
most common residual symptoms and inhibits function-
ality.® Although its specific mechanism of action is un-
clear, modafinil (racemic mix of R- and S-enantiomers)
and armodafinil (R-enantiomer only) are novel stimu-
lant-like drugs that have been hypothesized as useful as
augmentation for depression in patients with fatigue. In-
deed, a meta-analysis of six double-blind, randomized,
placebo-controlled trials of modafinil or armodafinil
augmentation for depression (unipolar and bipolar)
found significant effect for improvements in depressive
symptoms, remission rates, and fatigue symptoms, with
no increased adverse events, compared with placebo.%

Augmentation strategies with little-to-no evidence

Despite having little-to-no evidence base for their
use, several medications are frequently used in clinical
practice.

As reviewed, given the relatively positive evidence
for the use of lithium as an antidepressant augmenta-
tion agent, it is logical to consider other mood stabi-
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lizers as potential augmentation agents. For instance,
lamotrigine has shown positive antidepressant effects
over placebo in patients with bipolar depression—es-
pecially those with more severe depression.” However,
a recent review of the literature on lamotrigine’s use
as an augmentation agent for patients with treatment-
resistant depression revealed disappointing results.®
Specifically, only one randomized, double-blind study
was published that showed lamotrigine’s significantly
superior antidepressant effects compared with placebo
as measured on the Clinical Global Impressions (CGI)
scale; however, significance was not seen on the HDRS
(primary end point).

Though its exact mechanism of action is unknown,
buspirone is thought to exert its anxiolytic mechanism
via partial agonism at 5-HT, receptors; when added to
other serotonergic agents, this enhanced serotonergic
activity has hypothetical efficacy as an augmentation
agent for depression. Unfortunately, buspirone did not
outperform placebo augmentation in one randomized,
double-blind trial of 119 patients with depression un-
responsive to an SSRI.® In another similar study, al-
though buspirone initially outperformed placebo as an
augmentation agent, by study end point, there were no
significant differences between the groups as a whole.”
In STAR*D, augmentation buspirone to citalopram did
not show a response or remission advantage over aug-
mentation bupropion (though both medications result-
ed in remission rates around 30%, as measured by the
HDRS); furthermore, bupropion was better tolerated
with fewer adverse events associated with its use.”

Pindolol is an antagonist at the 5-HT,, and
B-adrenergic receptors; its serotonergic effects have
been suggested to have a potential effect on depressive
symptoms. Indeed, a meta-analysis of pindolol augmen-
tation found that it shortened the latency to respond to
serotonergic agents (ie, SSRIs) compared with placebo,
though pindolol did not offer an outcome advantage
beyond the first 2 weeks of treatment.”” Another meta-
analysis found significant heterogeneity between stud-
ies of pindolol augmentation.”? Though the literature
on pindolol as an augmentation agent has been widely
mixed, a recent double-blind, randomized, placebo-
controlled study of pindolol augmentation to venla-
faxine found that patients who were poor metabolizers
of venlafaxine might be a specific group that can ben-
efit from pindolol augmentation.”* Although the latter
study involved a small sample, genetic polymorphisms

may be one source of variability seen in other studies.

Though pramipexole is FDA-approved for the treat-
ment of Parkinson’s disease (PD) and Restless Leg Syn-
drome, it also is thought to positively influence mood in
patients with PD via agonism at the D3-receptors (which
are widely distributed in the mesolimbic system).” As
such, it has been suggested as a possible augmentation
agent in the treatment of depression in patients with
MDD. However, initial modest antidepressant benefits
with flexible-dose pramipexole in a small 8-week trial
did not remain statistically significant at end point in
the last-observation-carried-forward analysis.”® Anoth-
er study failed to demonstrate an antidepressant advan-
tage of pramipexole added to an SSRI over either agent
alone in 39 patients with treatment resistance; further-
more, only 15% of the patients receiving the combina-
tion were able to tolerate increases in dose, suggesting
that pramipexole was poorly tolerated.” Similarly, al-
though psychostimulants have a long history of clinical
use in MDD, methylphenidate (another dopaminergic
enhancer, used in the treatment of ADHD) augmen-
tation has failed to demonstrate significant efficacy in
patients with TRD.”” Together, these findings suggest
the limited utility of antidepressant augmentation with
dopaminergics for refractory depression.

As reviewed, modest evidence exists for the use of
low-dose thyroid hormone augmentation for TRD, par-
ticularly on non-TCA antidepressants. Similarly, there
has been an interest in the use of other hormones—
namely testosterone and/or estrogens—in the treat-
ment of resistant depression. A recent review of the
literature regarding testosterone use for depression
revealed that testosterone augmentation has the larg-
est effect in middle-aged (<60 years old) hypogonadal
males with MDD; in contrast, testosterone monothera-
py was found to be most useful as monotherapy in pa-
tients with dysthymia or minor depression.* There were
no significant differences found between oral testoster-
one, oral dehydroepiandrosterone, testosterone gel, or
intramuscular testosterone use. However, the use of
testosterone augmentation beyond middle-aged hypo-
gonadal men remains unclear. Further studies are ongo-
ing, including a testosterone gel augmentation study for
women with treatment resistant depression/partial re-
sponders (ClinicalTrials.gov Identifier: NCT01783574).
Regarding estrogens, a recent review found that exog-
enous estrogen monotherapy is not effective for major
depression, though it may help to improve mild mood
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symptoms in premenopausal women.® Certainly, there
is a need for more research in this area, as well as an
imperative to carefully weigh the risks and benefits of
hormone replacement therapy in peri- and postmeno-
pausal women.

Special section: mitochondrial modulators

Though the pathophysiology of depression and its sub-
types remains an active focus of investigation, a role
for dysregulated mitochondrial function has been pos-
tulated in both unipolar® and bipolar * depression via
several putative mechanisms (eg, genetics, oxidative
stress, alterations in neuroplasticity, and inflammatory
mechanisms).#>% As such, mitochondria modulators
have been suggested as potentially useful agents in the
treatment of depression. These modulators include,
but are not limited to: melatonin, acetyl-L-carnitine,
creatine monohydrate, and (as previously discussed)
SAMe.

Though popularly thought of as a natural sleep aid,
melatonin is also a mitochondrial modulator. As such,
it is an antioxidant that acts as a free radical scavenger.
Melatonin also increases oxidative phosphorylation
(thereby improving mitochondrial functioning) and pre-
vents the degradation of mitochondria DNA .* Guided
by their preclinical findings, Fava and colleagues® con-
ducted a 6-week, multicenter, randomized, double-
blind, placebo- and active comparator-controlled study
of combination melatonin plus buspirone versus either
placebo or buspirone monotherapy for the treatment
of acute MDD. The antidepressant response with the
combination therapy was significantly greater than the
other arms of the study, showing promise for the use of
melatonin in the treatment of depression.

Unfortunately, other explorations into the use of
mitochondrial modulators for treating depression have
been less positive overall. Acetyl-L-carnitine (ALCAR)
is an important mitochondria modulator that facilitates
the uptake of acetyl-CoA into the mitochondria dur-
ing fatty-acid oxidation. This, in turn, stimulated acetyl-
choline production, helps with protein and membrane
phosoholipid production, and prevents excessive neu-
ronal cell death.® Two very small studies in geriatric de-
pression showed ALCAR’s promising use for treating
symptoms of depression % However, there remains a
dearth in the literature on more generalizable ALCAR
studies in depression. Recently, one study examined the

use of ALCAR plus o-lipoic acid (ALA; another mi-
tochondrial modulator) compared with placebo in pa-
tients with bipolar depression. However, no significant
differences in antidepressant measures were seen with
ALCAR/ALA versus placebo; furthermore, mitochon-
drial functioning was not enhanced by treatment, as evi-
denced by magnetic resonance spectroscopy measure-
ments of cerebral energy metabolism.%

Among hypothetical mechanisms, creatine mono-
hydrate is thought to play a role in mitochondrial en-
ergy metabolism through conversion to phosphocre-
atine to adenosine triphosphate (ATP). In one study,
creatine monohydrate augmentation had significant
antidepressant efficacy compared with placebo in one
double-blind clinical trial of women treated with SSRIs
(n=52).% However, a more recent 4-week pilot study of
18 patients (14 women) failed to demonstrate an antide-
pressant advantage over placebo with creatine augmen-
tation to standard ongoing antidepressant therapy.”

Mitochondrial modulators remain a topic of interest
for the discovery and development of novel therapeu-
tics—especially as augmentation agents—in the treat-
ment of resistant depression. However, given the small/
mixed results, further studies are necessary to elucidate
their place in the treatment of depression.

Switching

Following monotherapy failure, the efficacy of switch-
ing medications versus augmentation appears compa-
rable.”’ However, switching is particularly appealing in
the setting of poor tolerability of an initial antidepres-
sant. It is also the more common clinical choice in the
setting of complete non-response as opposed to partial
response. Little evidence exists to guide the clinician’s
decision to switch to a medication within the same class
or mechanism of action (eg, switching from fluoxetine
to sertraline within the SSRI class), or to try a medica-
tion from a different class (eg, switching from the SSRI
fluoxetine to the norepinephrine-dopamine reuptake
inhibitor (NDRI) bupropion). Furthermore, there is a
dearth of literature comparing head-to-head trials be-
tween switch techniques, though efficacy is generally
considered comparable across switches.>” However,
one meta-analysis of four clinical trials (n=1496) showed
a modest, but statistically significant remission advan-
tage in patients switched to a non-SSRI antidepressant
(bupropion, mirtazapine, venlafaxine) versus a second

118



Treating TRD - Ionescu et al

Dialogues in Clinical Neuroscience - Vol 17+ No. 2 - 2015

SSRI trial (28% vs 23.5%, respectively; P=0.007).” Pa-
tients who fail two trials of SSRIs should be switched
to another class on the third switch attempt. Regardless
of which switch class is chosen, it is important to check
drug-drug interactions when cross-titrating (ie, when
tapering off the ineffective medication and starting a
new agent at the same time). Certain types of medica-
tion classes, such as MAOIs, require a washout of other
monoaminergic medications prior to starting or stop-
ping, in order to avoid serotonin syndrome and serious
autonomic dysfunction. In addition, comorbidities may
help guide which switch therapy is chosen (eg, less ap-
peal for mirtazapine in obese patients).

The SNRI venlafaxine is a plausible first switch af-
ter SSRI failure, as two large meta-analyses found ven-
lafaxine to have superior antidepressant efficacy for
remission compared with switch to a second SSRI.**%
However, compared with switches with sertraline or bu-
propion, venlafaxine did not yield significantly different
end points in STAR*D.” Other SNRIs, such as dulox-
etine, desvenlafaxine, and levomilnacipran can also be
considered, though little data exists to support their use
in switching. The SNRIs share a greater efficacy than
SSRIs for comorbid pain syndromes, which may be an
additional advantage, though are characterized by a
generally high prevalence of discontinuation emergent
effects and the small possibility of elevated blood pres-
sure.

Mirtazapine is a unique antidepressant that acts as an
antagonist at o, 5-HT,, and 5-HT, receptors and as an
agonist at postsynaptic 5-HT, , receptors. Several studies
showed statistically comparable remission rates between
mirtazapine and SSRIs.”>* STAR*D found no statisti-
cally significant differences in remission rates between
mirtazapine and the TCA nortriptyline (12.3% vs 19.8%,
respectively) in patients with TRD.” Similarly, bupro-
pion did not separate from venlafaxine in STAR*D as
a switching tactic®; however, bupropion may be a good
choice for patients with sexual side effects on initial se-
rotonergic monotherapy.”® Of note, vortioxetine (10 mg
to 20 mg/day), a novel serotonin receptor modulator and
serotonin transporter inhibitor, is safe, well-tolerated,
and superior to agomelantine (melatonergic antidepres-
sant) in patients with a previous SSRI/SNRI monother-
apy failure, though this was demonstrated in only one
double-blind, randomized trial.*”

Although TCAs were once considered first-line
treatments, they have largely been replaced by newer

antidepressants due to improved safety and tolerability
profiles. Because of their increased danger in overdose
and adverse events, they should be reserved for patients
who have failed with other types of switch therapies.
STAR*D found no statistically significant efficacy dif-
ferences between nortriptyline (up to 200 mg/day) and
mirtazapine (up to 60 mg/day) as switch therapies for
TRD (remission rates 20% vs 12%, respectively).”
Similarly, sertraline switch to imipramine, or vice versa,
did not yield significantly superior outcomes in chroni-
cally depressed patients with TRD.!®

For patients with severe TRD, MAOIs should be
considered, though these agents are often reserved for
later in the sequence of switches given their challeng-
ing and potentially fatal drug and food interactions.!?!
One double-blind crossover study of imipramine to
phenelzine (and vice versa) in patients with TRD
found statistically higher response rates to phenel-
zine (67%) versus imipramine (41%).'2 However, the
MAQOI tranylcypromine was compared with combi-
nation venlafaxine and mirtazapine in patients with
three prior medication trials as part of STAR*D; re-
mission rates were low, and statistically comparable,
between the treatment groups (6.9% vs 13.7%, respec-
tively).'” Of note, MAOIs may be particularly help-
ful to patients with atypical features of depression.!??
However, this impression is based on the lesser effi-
cacy of TCAs vs. MAOISs in atypical depression. It is
not known whether MAOIs are superior to SSRIs or
SNRIs for this depressive subtype.

Combination

As opposed to augmentation of an existing antidepres-
sant monotherapy with a drug that is not traditionally
used as an antidepressant, combination therapy refers
to use of two or more antidepressants, typically from
two different mechanistic classes, to form a broader
spectrum antidepressant regimen. Combination strate-
gies offer less risk of discontinuation symptoms com-
pared with cross-titration strategies used during switch,
and increase the probability of positive antidepressant
effects through drug synergism.* As with polypharma-
cy of any type, it is important to check for interactions
and contraindications when prescribing two antidepres-
sants simultaneously, as some combinations can results
in devastating and harmful consequences (eg, combin-
ing serotonergic agents with MAOIs).
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The evidence base for combination strategies is quite
limited. One positive meta-analysis found that patients
(n=250) were three times more likely to experience
remission if started initially on combination therapy
(mirtazapine/SSRI, mirtazapine/bupropion, mirtazap-
ine/venlafaxine, SSRI/TCA), versus monotherapy.'™
The practice of combination therapy is generally not
supported in the literature, as highlighted by large tri-
als!®1% and a recent meta-analysis.'”” Nevertheless, this
small literature is largely based on studies assessing ini-
tial combination rather than combination in the setting
of treatment resistance.

Special case: tachyphylaxis

Tachyphylaxis, or medication “poop out,” is generally
defined as a rapid and progressive decrease in response
to a given dose after repetitive administration of a phar-
macologically or physiologically active substance.!®
Though this phenomenon is not widely acknowledged
in the antidepressant literature, nor are there accurate
estimates of its prevalence, loss of response to an on-
going antidepressant appears to be a common clinical
occurrence. Depressions that respond to antidepres-
sants—but fail to maintain the response over time—
may represent a specific subtype of TRD. Several
factors can lead to apparent tachyphylaxis, including
nonadherence, receptor desensitization, pharmaco-
kinetic changes, and loss of placebo effect, to name a
few.'” Further studies of failure to sustain an initial re-
sponse are clearly needed.

Future directions
Antiglutamatergics

Despite the most resourceful therapeutic efforts, some
patients will experience persistent marked depression.
For this group of patients, agents with novel mecha-
nisms of action that depart from the traditional mono-
aminergic antidepressants offer particular promise.
Here, we will focus on two examples of such promising
agents: ketamine and scopolamine.

Ketamine hydrochloride

Ketamine is perhaps the most well-known and most
studied non-monoaminergic antidepressant compound

in recent years. Although its exact antidepressant mecha-
nism of action remains unknown, ketamine is classified
as an N-methyl-D-aspartate (NMDA) receptor antago-
nist,and had been used for decades as an anesthetic prior
to its serendipitous discovery as an antidepressant. The
investigational use of ketamine for depression was first
reported by Berman and colleagues'!’ over a decade ago;
additional research has yielded interesting clinical evi-
dence and provides important insights into the treatment
of TRD. Ketamine’s rapid (within 1 day), robust (across a
variety of symptoms), and relatively sustained (approxi-
mately 7 days) antidepressant efficacy at subanesthetic
intravenous doses (only 0.5 mg/kg over 40 minutes, com-
pared with the 2 mg to 3 mg/kg dosage used in anesthesia
over much shorter time periods) has been demonstrated
in several randomized, double-blind, placebo-controlled
trials."""12 Recently, Murrough and colleagues'® further
confirmed ketamine’s antidepressant effects by using
midazolam as an active comparator, thereby minimiz-
ing the risk of unblinding due to the treatment-emergent
side effects associated with ketamine (eg, dissociative,
psychotomimetic, and sympathomimetic side effects). In
this trial of 73 patients with TRD, ketamine had a signifi-
cant effect in reducing scores on the Montgomery-As-
berg Depression Rating Scale (MADRS) compared with
midazolam (Cohen’s d=0.81). These results were signifi-
cant 24 hours following infusion, and were sustained for
several days.

Several clinical characteristics appear to be useful
for predicting ketamine’s antidepressant effects. Specif-
ically, ketamine has been shown to decrease symptoms
of depression in patients with anxious depression to a
significantly greater degree than patients with nonanx-
ious depression''*—an exciting finding, given the anx-
ious depression typically represents a difficult clinical
treatment challenge.” Similarly, ketamine appears to
have a superior antidepressant action in patients with
a family history of alcoholism (as opposed to patients
with a negative family history for alcoholism).!’ Fur-
thermore, ketamine also rapidly decreases symptoms
of suicidal ideation!!*!"” and anhedonia''®; interestingly,
decreases in suicidal ideation have been found to be
related to, but not dependent on, decreases in depres-
sion and anxiety symptoms.'"” Together, these clinical
predictors may help researchers learn more about how
ketamine’s antidepressant effects are realized.

Most of the data on ketamine’s antidepressant ef-
fects have come from intravenous studies (which typi-
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cally use the subanesthetic slow-infusion dose of 0.5
mg/kg over 40 minutes). However, the extent to which
the dosing of ketamine effects its antidepressant action
remains unknown. As such, a nationwide dose-finding
study is currently under way (ClinicalTrials.gov Identi-
fier: NCT01920555). This study, funded by the National
Institute of Mental Health (NIMH), is being conducted
by the Rapidly Acting Treatments for Treatment-Re-
sistant Depression (RAPID) network of sites. From
this clinical research, insights gained from knowing the
optimal dose for ketamine’s antidepressant response
will aim to set the stage for future explorations into
ketamine’s mechanism of action. Of note, in a depar-
ture from the intravenous ketamine infusions, a recent
trial of intranasal ketamine (50 mg) also significantly
reduced depressive symptoms within 24 hours of ad-
ministration compared with placebo in 20 patients with
TRD, though its antidepressant effects were no longer
significant at 72 hours post-administration.'?® These re-
sults are particularly promising, due to the ease of use
of intranasal (versus intravenous) administration.

Despite the great promise of ketamine, its antide-
pressant effects are generally not sustained beyond a
week!%112 (though its effects in anxious depression
are sustained over the course of 28 days).!''* This has
launched several attempts at extending its effects. For
example, one recent study examined the effects of six
repeated ketamine infusions (0.5 mg/kg over 40 min-
utes) over the course of 2 weeks in 10 patients with
TRD who previously responded to a single infusion of
ketamine. Ketamine appeared to be safe and efficacious
when given in this study,'”! with a mean time-to-relapse
of 19 days. This study was later expanded to include 24
patients; the median time-to-relapse in the responders
was 18 days.'? Certainly, repeated doses of ketamine
appear to extend its antidepressant response, but it re-
mains unknown as to how long ketamine needs to be
given for, and at what dose. Furthermore, another study
attempted to extend the antidepressant effects of a sin-
gle infusion of ketamine by giving oral riluzole, a glu-
tamatergic modulator, for 28 days.'” However, riluzole
did not outperform placebo over the course of the trial.
Together, these findings underscore the need for agents
that extend ketamine’s antidepressant effects beyond a
few weeks.

What about the safety and tolerability of ketamine?
Overall, when given in slow, subanesthetic doses for de-
pression research, ketamine appears to be safe and well

tolerated. Specifically, a recent report analyzed the safety
and tolerability data from a total of 205 ketamine infu-
sions in patients with depression; only four infusions
were stopped because of adverse events.'”” In this data-
set, despite transient increases in sympathomimetic, dis-
sociative, and psychotomimetic side effects during the
infusions, no side effects were found to be persistent,
and no adverse medical events occurred. Furthermore,
there was no evidence for increased substance use in a
subgroup patients followed long-term. Interestingly, the
dissociative side effects seen with acute ketamine ad-
ministration may mediate—and may actually be neces-
sary for—the antidepressant effects seen in ketamine
responders.'® Further research is necessary on this topic.

As mentioned, ketamine is generally classified as
a noncompetitive NMDA glutamatergic receptor an-
tagonist, which may contribute to its antidepressant ef-
fects.!?6127 This action is thought to disinhibit glutamate
transmission, which leads to a rapid (albeit transient)
glutamate burst—resulting in enhanced o-amino-3-
hydroxy-5-methyl-4-isoxazole propionic acid (AMPA)
receptor throughput. These actions lead to increased
brain-derived neurotrophic factor (BDNF) release
and the activation of signaling cascades (eg, mamma-
lian target of rapamycin (mTOR), an essential kinase
in regulating proteins involved in synaptic plasticity).
In animal experiments, these actions have been shown
to stimulate synaptic spine formations in the prefron-
tal cortex and reverse the deficits of chronic stress in
models of depression.'” Ketamine may also have anti-
inflammatory properties, also contributing to its anti-
depressant effects.’ From these findings, it is unlikely
that one single mechanism explains the antidepressant
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Figure 1. Steps in the evaluation of treatment-resistant depression (TRD).
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actions of ketamine. Further elucidation of these mech-
anisms is the goal of several ongoing trials (ClinicalTri-
als.gov identifiers: NCT02122562, NCT00088699).

Based on ketamine’s efficacy, a variety of antigluta-
matergic agents have now been studied in MDD. More
comprehensive reviews!?*1? on ketamine and related
compounds!?’ are currently available.

Scopolamine

Similarly to ketamine, intravenous scopolamine (a mus-
carinic acetylcholine receptor antagonist) rapidly and
robustly decreases symptoms of depression in well-
characterized, medication-free patients with TRD, as
demonstrated by two randomized, placebo-controlled
trials.’%3! Like ketamine, the mechanism of action
for scopolamine’s antidepressant effects is not known.
Both compounds may increase synaptogenesis through
intracellular signaling pathways.'”” Although rapid-
acting antidepressants (RAADs)—such as ketamine
and scopolamine—offer the prospect of catalyzing re-
sponse in acute settings (eg, emergency departments
and inpatient units), they may also provide critical in-
sights for the development of other novel therapeutics
for depression. Similarly to ketamine, explorations into
scopolamine’s utility as a RAAD holds promise for the
discovery of clinically relevant biomarkers of treatment
response, which can be used as targets for the a priori
investigation into new medications for TRD.

Conclusions

The serendipitous discovery of monoaminergic an-
tidepressants revolutionized the field of psychiatry.
However, as many as two thirds of depressed patients
will not remit after one antidepressant trial; up to one
third will not remit after sequential trials. In the set-
ting of nonremission, it is important to re-evaluate
diagnosis, adherence and comorbid conditions, and to
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Aproximaciones farmacoldgicas para el desafio de
la depresion resistente al tratamiento

Aunque hace mds de medio siglo los antidepresivos
monoaminérgicos revolucionaron el tratamiento del
Trastorno Depresivo Mayor (TDM), alrededor de un
tercio de los pacientes con este cuadro presentan una
depresion resistente al tratamiento (DRT). Tales pacien-
tes representan una parte desproporcionadamente alta
del costo de la enfermedad, lo que se evidencia en el
aumento de la discapacidad, el sufrimiento humano y
el suicidio. Esta revision esta orientada a la definicion,
causas, evaluacion y tratamiento del TDM unipolar, asi
como a las principales estrategias terapéuticas, incluyen-
do la optimizacion, aumento, combinacion y cambio de
tratamientos. La evidencia para estas opciones, como se
describe en esta revision, esta focalizada principalmente
en ensayos de gran escala o meta-analisis. Por ultimo, se
revisan brevemente los blancos que estan emergiendo
para el descubrimiento de antidepresivos y los nuevos
efectos de los antidepresivos de accion rapida, con el
foco en la ketamina.

La dépression résistante au traitement : ses
enjeux, son traitement

Les antidépresseurs monoaminergiques ont révolu-
tionné le traitement de I'épisode dépressif caractérisé
(majeur) (EDM) il y a une cinquantaine d‘années, mais
environ un tiers des patients déprimés ont une dépres-
sion résistante au traitement (DRT). Ces patients repré-
sentent un fardeau important et disproportionné de
la maladie, comme le prouve I'augmentation du han-
dicap, des colts, de la souffrance humaine et des sui-
cides. Cet article s’intéresse a la définition, aux causes,
a l'évaluation et au traitement de la DRT unipolaire,
ainsi qu’aux principales stratégies thérapeutiques,
dont les traitements d’optimisation, d’augmentation,
d‘association et de substitution. L'article souligne que
ces solutions se fondent principalement sur des essais
a grande échelle ou des métaanalyses. Enfin, nous re-
voyons brievement la découverte de nouvelles cibles
des médicaments antidépresseurs et les nouveaux
effets des antidépresseurs d’action rapide, avec pour
objectif principal la kétamine.
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