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Abstract: Depressive disorders remain a major source of disability worldwide, and many patients do not achieve sustained remission 
despite the availability of multiple antidepressant options. Unmet needs are particularly evident in treatment-resistant depression 
(TRD) and bipolar depression, where delayed onset of action, incomplete response, relapse, residual functional impairment, and 
tolerability limitations reduce the practical value of conventional monoaminergic strategies. This clinically oriented narrative review 
examines next-generation pharmacotherapy for depressive disorders from a drug-centered and mechanism-informed perspective. 
A targeted literature search was conducted across major biomedical and psychological databases and was supplemented by regulatory 
documents, prescribing information, pharmacogenomic recommendations, and selected real-world evidence. Representative next- 
generation approaches include N-methyl-D-aspartate (NMDA) receptor modulators and other rapid-acting agents, dextromethorphan– 
bupropion, multimodal antidepressants, neuroactive steroid-related therapies such as brexanolone and zuranolone, psychedelic-assisted 
pharmacotherapy, kappa-opioid receptor antagonists, and bipolar-relevant mood-stabilizing pharmacotherapies. The review also 
discusses mechanism-informed optimization of available drugs, including repurposing, augmentation, rational combination pharma
cotherapy, dose and sequencing strategies, maintenance-oriented prescribing, and measurement-based care. Pharmacogenomics, 
pharmacokinetic/pharmacodynamic variability, and clinical stratification are considered as practical components of precision pharma
cotherapy. Current evidence suggests that progress in depression pharmacotherapy depends not only on developing new compounds, 
but also on improving treatment selection, sequencing, monitoring, tolerability management, and sustained use in heterogeneous 
clinical populations. A next-generation framework should therefore integrate novel drug classes with improved use of established 
agents, while remaining sensitive to differences among unipolar depression, bipolar depression, and TRD. 
Keywords: depressive disorders, treatment-resistant depression, bipolar depression, rapid-acting antidepressants, neuroactive steroids, 
psychedelic-assisted therapy

Introduction
Depressive disorders remain among the most consequential conditions in global mental health because they combine high 
prevalence with recurrent suffering, functional loss, and considerable long-term burden for patients, families, and health 
systems.1 Although the pharmacological armamentarium for depression has expanded substantially over the past several 
decades, routine clinical care still falls short of what many patients need. Some individuals do not respond meaningfully 
to treatment. Others improve only partially but continue to live with anergia, insomnia, anxious distress, cognitive 
inefficiency, emotional blunting, or occupational and social impairment. Still others initially respond and then relapse, or 
discontinue treatment because the burden of adverse effects outweighs the perceived benefit.2 In real-world practice, 
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these limitations may be as clinically important as statistical separation from placebo under tightly controlled trial 
conditions.

The limitations of standard treatment become especially visible in treatment-resistant depression and bipolar depres
sion. TRD exposes the weaknesses of a purely serial strategy in which one antidepressant is followed by another broadly 
similar one after an adequate but unsuccessful trial. Once several monoaminergic approaches have failed, additional 
substitutions within the same general pharmacological logic may offer diminishing informational value.3 Bipolar 
depression reveals a different problem. In bipolar illness, symptomatic improvement cannot be evaluated independently 
of switching risk, activation, mixed features, and the longer-term requirement for polarity stability.4 A treatment may 
appear useful if judged only by short-term symptom scores while still being unsatisfactory if it destabilizes the broader 
course of illness.

For these reasons, contemporary discussion of depression pharmacotherapy increasingly turns to the idea of “next- 
generation” treatment. Yet the term is often used too loosely, as if any recently marketed product necessarily represented 
meaningful therapeutic progress. A more clinically useful view is that next-generation pharmacotherapy refers to 
treatments that alter the therapeutic equation in ways that matter to patients and clinicians. This may involve mechanistic 
novelty, faster symptom relief, usefulness in difficult-to-treat populations, improved tolerability or sustainability, or better 
matching between patient profile and drug selection.5 Under that definition, genuinely novel compounds and better use of 
established drugs belong in the same conceptual field.

This broader view is important because depressive disorders are pharmacologically heterogeneous even when 
diagnostically grouped together. Patients with psychomotor slowing, anxious distress, insomnia, or bipolar-spectrum 
instability may all meet criteria for depression while requiring different treatment logic. Conventional monoaminergic 
models remain clinically relevant, but they have not resolved incomplete remission, relapse, functional impairment, or 
poor tolerability. The field increasingly needs drug strategies that do more than reproduce the same mechanism with 
minor variations.6

This narrative review therefore adopts a pharmacotherapy-centered but clinically integrative perspective. Its aim is 
not to provide an exhaustive systematic synthesis of every emerging treatment, but to examine representative drug classes 
and pharmacological strategies that illustrate how depression treatment is evolving. The emphasis is on mechanism of 
action, clinical positioning, safety and tolerability, and the practical issue of how treatments can be used in unipolar 
depression, bipolar depression, and TRD. Non-pharmacological interventions such as psychotherapy, neuromodulation, 
and electroconvulsive therapy are beyond the scope of the present review. Within this framework, progress in depression 
pharmacotherapy arises from two converging routes: the development of new compounds and the mechanism-informed 
optimization of available drugs. In this review, the term depressive disorders is used primarily to refer to major 
depressive disorder, treatment-resistant depression, postpartum depression where relevant to neuroactive steroid thera
pies, and bipolar depression as a polarity-sensitive depressive condition.

Review Scope and Literature Search Strategy
This article is a clinically oriented narrative review rather than a systematic review or meta-analysis. A targeted literature 
search was conducted across PubMed/MEDLINE, Embase, Web of Science, Scopus, the Cochrane Library, and 
PsycINFO, supplemented by Google Scholar searches and reference-list screening from database inception to 
March 1, 2026. Search terms included combinations of “major depressive disorder”, “depressive disorders”, “treatment- 
resistant depression”, “bipolar depression,” “rapid-acting antidepressants,” “NMDA receptor modulators,” “ketamine,” 
“esketamine,” “dextromethorphan-bupropion,” “multimodal antidepressants,” “neuroactive steroids,” “zuranolone,” 
“brexanolone,” “psilocybin,” “psychedelic-assisted therapy,” “kappa-opioid receptor antagonists,” “aticaprant,” “nava
caprant,” “augmentation,” “combination pharmacotherapy,” “measurement-based care,” “pharmacogenomics,” “pharma
cokinetics,” “pharmacodynamics,” and “precision pharmacotherapy.”

Eligible sources included randomized controlled trials, pivotal clinical trials, meta-analyses, systematic reviews, 
narrative reviews, treatment guidelines, regulatory documents, prescribing information, pharmacogenomic recommen
dations, translational studies, and selected real-world evidence reports. Priority was given to studies and documents 
with direct relevance to pharmacological mechanisms, clinical efficacy, safety and tolerability, regulatory status, 
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treatment positioning, and real-world implementation. Because this was a narrative review, literature selection was 
purposive rather than exhaustive, and priority was given to clinically relevant, regulatory, guideline-based, and 
mechanistically informative sources. Formal PRISMA-based screening, quantitative synthesis, and risk-of-bias assess
ment were not performed.

Defining Next-Generation Pharmacotherapy in Depressive Disorders
The term “next-generation” is most useful when defined by clinical and pharmacological value rather than by recency 
alone. In depressive disorders, a treatment should be considered next-generation when it improves one or more domains 
in a clinically meaningful way: target engagement beyond conventional monoaminergic mechanisms, speed of symptom 
reduction, utility in difficult-to-treat populations such as TRD or bipolar depression, tolerability and sustainability of use, 
or greater precision in treatment selection. Under this framework, next-generation pharmacotherapy includes both novel 
compounds and the optimized, mechanism-informed use of established drugs when these approaches offer clinically 
meaningful advantages in speed, mechanistic diversity, tolerability, precision, durability, or real-world usability.7

This broader definition matters because therapeutic progress in depression does not emerge from a single pathway. 
One route is molecular and mechanistic novelty, as illustrated by rapid-acting glutamatergic strategies, neuroactive 
steroid-related approaches, and pharmacotherapies designed with greater relevance to bipolar depression. Another route 
is better use of what is already available. In routine practice, major advances often arise not because an entirely new drug 
appears, but because clinicians use existing drugs more intelligently through augmentation, rational combination 
treatment, dose optimization, improved sequencing, and maintenance planning.8 The next generation of treatment may 
therefore emerge as much from better pharmacological reasoning as from newer molecules.

The need for a broader definition also reflects the heterogeneity of depressive illness. Conventional antidepressant 
prescribing often begins from a relatively undifferentiated first-line model and becomes more individualized only after 
repeated failure. Next-generation pharmacotherapy, by contrast, starts from the assumption that better fit between drug 
mechanism and clinical context is itself a form of therapeutic innovation.

A functional definition also helps avoid two opposite mistakes: assuming that every new treatment is inherently superior, 
and assuming that older drugs are pharmacologically exhausted. In reality, a newly introduced agent may occupy only 
a narrow niche, whereas an established drug may gain new value through better augmentation, sequencing, or maintenance 
use. A next-generation framework is therefore best understood as a model of therapeutic fit, asking whether a drug or 
strategy meaningfully improves speed, mechanistic diversity, tolerability, stability, or long-term usability.

For that reason, this review treats next-generation pharmacotherapy as a drug-centered but clinically integrated field. 
Novel compounds are important because they broaden the mechanistic landscape beyond conventional serotonergic and 
noradrenergic antidepressants. At the same time, optimized use of available drugs remains equally important because the 
practical reality of depression care is determined not only by which drugs exist, but by how thoughtfully they are selected, 
combined, monitored, and continued over time. The central question is not which treatment is newest, but which treatment 
most meaningfully improves efficacy, safety, tolerability, implementation feasibility, and sustained clinical value.9

Novel Compounds and Emerging Drug Classes in Depressive Disorders
Novel compounds and emerging drug classes are expanding the pharmacological landscape of depressive disorders 
beyond traditional monoaminergic antidepressants.10 From a drug-development perspective, the most relevant advances 
include NMDA-related agents with rapid antidepressant effects, oral compounds with mixed or broadened mechanisms, 
neuroactive steroid-related approaches, psychedelic-assisted pharmacotherapy, kappa-opioid receptor antagonists, and 
mood-stabilizing pharmacotherapies with particular relevance to bipolar depression.11 What makes these agents impor
tant is not simply that they are newer. It is that they address problems that conventional antidepressant treatment has not 
solved adequately: delayed onset, mechanistic redundancy in resistant illness, incomplete symptom-domain coverage, 
and the need for polarity-sensitive treatment in bipolar depression.

To visualize the transition from traditional monoaminergic models to these diversified pathways, Figure 1 illustrates 
the primary neurobiological targets and downstream mechanisms of the representative next-generation compounds 
discussed in this section.
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NMDA Receptor Modulators and Rapid-Acting Antidepressants
Among emerging pharmacotherapies, NMDA receptor modulators have had the strongest impact on the conceptual 
development of next-generation antidepressant treatment. Esketamine nasal spray is approved in the United States for 
adults with treatment-resistant depression, administered either as monotherapy or in conjunction with an oral antide
pressant, and for depressive symptoms in adults with major depressive disorder with acute suicidal ideation or behavior 
when used in conjunction with an oral antidepressant. However, its labeling should be interpreted carefully: the 
indication for MDD with acute suicidal ideation or behavior concerns depressive symptoms, and esketamine should 
not be presented as a treatment proven to prevent suicide or replace hospitalization when clinically indicated. Current 
prescribing information emphasizes risks of sedation, dissociation, respiratory depression, abuse and misuse, and the 
need for post-administration observation under a REMS program.12,13 Its significance lies not only in its regulatory 
status, but in what it has changed conceptually. Esketamine supports a model of antidepressant action in which 
glutamatergic modulation, synaptic plasticity, and circuit-level recalibration can be directly relevant to clinical benefit, 
especially in patients for whom waiting several weeks for conventional antidepressant response is itself a major 
limitation.

The practical importance of esketamine is greatest in clinically urgent or difficult-to-treat settings. In such contexts, 
speed is not a convenience but a therapeutic variable. Earlier symptom reduction may alter short-term risk, reduce 
hopelessness associated with repeated treatment failure, and improve engagement with care. From a drug-profile 
perspective, its clinical positioning is strongest where conventional oral antidepressant sequencing has already proved 
inadequate or too slow.14,15 These features do not negate its value, but they do mean that its place in care is selective 
rather than universal. Evidence is strongest in selected urgent or treatment-resistant settings rather than across all 
depressive populations.

Figure 1 Mechanistic landscape of representative next-generation pharmacotherapies for depressive disorders. The figure summarizes major pharmacological pathways and 
representative therapeutic classes discussed in this review, including NMDA receptor modulation, multimodal serotonergic mechanisms, neuroactive steroid-related 
approaches, psychedelic-assisted therapy, kappa-opioid receptor antagonism, and bipolar-relevant mood-stabilizing strategies. Figure 1 was created by the authors and 
was not generated using BioRender or other third-party illustration software.
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Ketamine, although pharmacologically and operationally distinct from intranasal esketamine, remains central to the 
same broader therapeutic shift.16 Clinically, recent syntheses continue to support rapid antidepressant effects in treat
ment-resistant depression and reinforce the view that modulation of glutamatergic signaling and neuroplasticity may have 
direct therapeutic relevance in severe depressive states.17,18 Yet rapid benefit does not automatically translate into durable 
remission. The harder problem is how to stabilize benefit after early response and how to balance acute efficacy against 
long-term monitoring burden, accessibility, and uncertainty about continuation pathways.19

Rapid-acting treatments may also improve engagement by restoring therapeutic credibility after repeated failure. 
However, speed should not be confused with completeness, and these interventions are best viewed as components of 
staged care rather than self-sufficient solutions.

Dextromethorphan-bupropion further broadens the rapid-acting and glutamatergic conversation. In the United States, 
this oral combination is approved for major depressive disorder in adults; dextromethorphan contributes uncompetitive 
NMDA receptor antagonism and sigma-1 receptor agonism, while bupropion provides antidepressant activity and inhibits 
CYP2D6, thereby increasing dextromethorphan exposure.20 The practical significance of this combination lies in format 
as well as mechanism. Unlike esketamine, it is an oral therapy and therefore suggests that NMDA-related or neuroplas
ticity-linked antidepressant effects may be pursued through more scalable routine-care strategies in selected settings.21 In 
a pivotal Phase 3 trial, symptom improvement emerged early, but important questions remain regarding long-term 
comparative effectiveness, ideal sequencing after first-line failure, and which patients are most likely to benefit from this 
mixed pharmacological profile.22,23

Multimodal and Mechanistically Broadened Antidepressants
A second important group within next-generation pharmacotherapy consists of multimodal or mechanistically broadened 
antidepressants. These drugs do not fully depart from monoaminergic biology, but they attempt to move beyond simple 
transporter inhibition through differentiated receptor-level actions and broader symptom-domain coverage. Vortioxetine 
is approved in the United States for major depressive disorder in adults, combines serotonin transporter inhibition with 
multiple serotonin receptor actions, and is often discussed in relation to cognitive symptoms and functional recovery.24 

Vilazodone is likewise approved for adult major depressive disorder and combines serotonin reuptake inhibition with 
5-HT1A partial agonism, but its hypothesized clinical advantages over standard SSRIs have not been consistently 
demonstrated in comparative evidence.25 These agents illustrate a more incremental model of innovation: not radical 
rupture, but pharmacological refinement.

This refinement is clinically relevant because many patients show partial rather than absent responses to anti
depressants; that is, they improve, but inadequately. Mood may lift slightly, while anxiety, sleep disruption, cognitive 
inefficiency, emotional blunting, or functional impairment remain substantial. In such situations, simple dose escala
tion or repeated substitution within a narrow class may yield only limited gains. Mechanistically broadened anti
depressants are attractive because they aim to influence multiple clinically relevant symptom and functional domains, 
such as mood, anxiety, sleep, cognition, tolerability, and daily functioning without immediately requiring complex 
polypharmacy.

Neither drug resolves the core problems of severe TRD or bipolar-spectrum complexity, but both illustrate how 
pharmacological refinement within the monoaminergic space can remain clinically useful. Claims of superiority, 
however, should be restrained. Broader receptor pharmacology does not automatically translate into broader clinical 
benefit. These agents do not eliminate the core problems of depressive heterogeneity, relapse, or resistant illness. Their 
role is best understood as intermediate: they may be particularly useful for patients who are not well served by repeated 
standard SSRI or SNRI substitution, but they are unlikely to resolve the deeper problems represented by severe TRD or 
pronounced bipolar-spectrum complexity.

Agomelatine belongs to a somewhat different but related category. Authorized in Europe for major depression, it 
combines melatonergic agonism with 5-HT2C antagonism, represents a circadian-oriented pharmacological idea, and 
requires liver monitoring in routine use because of clinically relevant hepatic risk considerations.26 At the same time, 
agomelatine illustrates an important cautionary principle. Mechanistic distinctiveness does not exempt a drug from 
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ordinary clinical scrutiny. Its overall benefit must still be weighed against comparative efficacy, tolerability, and 
implementation burden.

Neuroactive Steroid-Related Approaches
Neuroactive steroid-related approaches are relevant to next-generation pharmacotherapy because they expand antide
pressant development beyond both conventional monoaminergic and explicitly glutamatergic models.27 Their importance 
is not limited to a single approved product. Rather, they reinforce the broader idea that depressive symptoms may, in at 
least some patient groups, be more directly linked to stress-system dysregulation, inhibitory tone, arousal control, and 
affective instability than can be addressed by conventional antidepressant designs.

Brexanolone, an intravenous formulation of allopregnanolone approved for postpartum depression, provided an 
earlier regulatory example of neuroactive steroid-based antidepressant treatment, although its intensive administration 
requirements and monitoring burden limit routine scalability.28

At present, zuranolone is approved in the United States for postpartum depression in adults, but not for the broader 
treatment of major depressive disorder.29 Current labeling underscores central nervous system depressant effects, 
psychomotor impairment risk, and CYP3A4-related interaction considerations.30 This means that the class currently 
occupies a narrower clinical niche than standard antidepressants or ketamine-based strategies.

Nevertheless, the field-wide importance of neuroactive steroid-related treatment extends beyond postpartum depres
sion. It demonstrates that antidepressant development can move meaningfully toward pathways linked to stress regulation 
and GABAergic modulation, thereby broadening the neurobiological imagination of what an antidepressant can be.31 

Their future significance for broader depressive populations will depend on whether the underlying mechanisms can be 
translated into scalable, tolerable, and sufficiently durable interventions beyond narrowly defined indications. Even with 
currently narrow indications, this class broadens the range of pharmacological hypotheses considered clinically credible 
in depression treatment.

Psychedelic-Assisted Pharmacotherapy
Psychedelic-assisted treatment, particularly psilocybin-assisted therapy, has generated increasing interest as 
a mechanistically distinct and highly supervised approach to depressive disorders. Its relevance lies not only in 
serotonergic 5-HT2A receptor agonism, but also in the treatment model through which pharmacological effects are 
combined with structured psychological support. Early and mid-stage clinical studies suggest potentially rapid and 
sustained antidepressant effects in selected populations with major depressive disorder or treatment-resistant depression, 
but the evidence base remains limited by sample size, trial heterogeneity, expectancy effects, intensive implementation 
requirements, and unresolved questions about long-term safety, durability, and scalability.32 For these reasons, psyche
delic-assisted therapy is best considered an emerging and highly supervised treatment model rather than a routine 
pharmacological option.33

Kappa-Opioid Receptor Antagonists and Stress-Related Mechanisms
Kappa-opioid receptor antagonists represent another emerging direction in antidepressant drug development. Because 
dynorphin-kappa-opioid signaling has been implicated in stress responsivity, dysphoria, and anhedonia-related processes, 
agents such as aticaprant and navacaprant are being investigated as potential mechanism-based treatments for depressive 
symptoms, particularly when anhedonia or stress-related affective dysfunction is prominent.34 However, this field 
remains developmental, and current clinical positioning should be cautious. These compounds illustrate how next- 
generation pharmacotherapy may increasingly target symptom-relevant neurobiological systems beyond conventional 
monoaminergic pathways, while still requiring stronger evidence for efficacy, durability, safety, and patient selection.35

Bipolar-Relevant Pharmacotherapies and Mood-Stabilizing Approaches
Any discussion of emerging pharmacotherapy for depressive disorders is incomplete unless bipolar depression is treated 
as a distinct pharmacological problem rather than as a minor variant of unipolar depression. Bipolar depression imposes 
a more demanding definition of success. Treatment must reduce depressive symptoms without destabilizing polarity, 
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increasing activation, or worsening mixed features, and current guideline summaries accordingly emphasize quetiapine, 
lurasidone, cariprazine, and olanzapine-fluoxetine as major drug-based options, with lithium and lamotrigine remaining 
important within broader mood-stabilizing strategies.36,37

These drug profiles are clinically important because they embody a treatment logic different from simple antide
pressant intensification. Their value lies not only in reducing depressive symptoms, but also in supporting mood 
stabilization and long-term illness-course management. A drug may be “antidepressant” in a narrow sense and still be 
a poor fit for bipolar illness if it worsens activation or switching liability. Conversely, a treatment may deserve special 
value precisely because it reduces depressive burden without sacrificing illness stability.

Quetiapine and lurasidone are especially representative because they show that depressive symptom relief in bipolar 
disorder often depends on agents whose clinical value lies not in conventional antidepressant intensification, but in 
polarity-sensitive efficacy combined with tolerability management.36 Cariprazine is particularly relevant because it 
bridges two important domains of next-generation depression pharmacotherapy: bipolar depression and adjunctive 
treatment of major depressive disorder. Its U.S. labeling includes treatment of depressive episodes associated with 
bipolar I disorder in adults and adjunctive therapy to antidepressants for major depressive disorder in adults.38 This dual 
positioning makes cariprazine a useful example of how dopamine-serotonin partial agonist pharmacology may contribute 
both to polarity-sensitive treatment and to augmentation strategies after inadequate antidepressant response.

Lamotrigine occupies a somewhat different but highly relevant position. Its strength lies less in rapid acute relief than 
in longer-horizon management of depressive burden and recurrence vulnerability. This illustrates an important principle: 
next-generation value need not always mean faster or more dramatic symptom change. In some settings, the clinically 
meaningful advance lies in better alignment with the temporal structure of the illness. For bipolar depression, that often 
means maintenance relevance, polarity sensitivity, and tolerability over time.39 Even so, the evidence base in bipolar 
depression remains narrower and more polarity-sensitive than that in unipolar depression, and extrapolation from 
unipolar antidepressant data should remain limited. To synthesize the principal mechanistic and clinical distinctions 
among representative next-generation pharmacotherapies in depressive disorders, Table 1 summarizes representative 
agents by primary target, relevant clinical context, key efficacy signal, major safety concern, and practical clinical 
positioning.

Optimizing the Use of Available Drugs
If novel compounds represent one frontier of next-generation pharmacotherapy, optimized use of available drugs 
represents another that is equally important. In depressive disorders, meaningful gains often arise not only from replacing 
older treatments, but also from using them with greater pharmacological precision, better timing, and clearer attention to 
long-term sustainability, especially in patients with partial response, relapse, treatment resistance, or clinical complexity 
that is poorly served by sequential monotherapy alone.40

This point is easy to overlook because innovation is often associated with the arrival of new drugs, whereas 
optimization may appear less dramatic. Yet from the standpoint of routine care, optimization is often where a large 
proportion of clinically meaningful progress occurs. Repurposing, augmentation, rational combination treatment, dose 
adjustment, sequencing, transition planning, and maintenance-oriented prescribing all represent ways in which the 
therapeutic value of available drugs can be extended. These strategies matter because depressive disorders are not 
only mechanistically heterogeneous; they are also longitudinally heterogeneous. Some patients require rapid reduction of 
acute burden, others broader symptom coverage, and others long-term simplification and relapse prevention.

Drug Repurposing
Drug repurposing is most useful when it is mechanism-informed rather than opportunistic.41 In depressive disorders, 
repurposing becomes meaningful when the pharmacology of an established agent maps onto a clinically recognizable 
unmet need that conventional antidepressants do not adequately address, such as severe insomnia, circadian disruption, 
residual anxiety, fatigue, or incomplete symptom-domain coverage.42 The appeal of repurposing is practical as well as 
conceptual. Established drugs often have known pharmacokinetics, safety profiles, and interaction patterns, which may 
shorten the translational path from pharmacological idea to clinical testing.
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Table 1 Representative Next-Generation Pharmacotherapies in Depressive Disorders: Mechanisms, Clinical Signals, Safety Issues, and 
Clinical Positioning

Drug/Class Main Mechanism/ 
Target

Relevant 
Clinical 

Context/ 
Population

Main Efficacy/ 
Clinical Signal

Key Safety/ 
Tolerability and 
Implementation 

Issues

Clinical Positioning

Esketamine NMDA receptor 

modulation within 

a rapid-acting 
glutamatergic 

antidepressant 

framework

Adult TRD; 

depressive 

symptoms in 
adults with MDD 

with acute suicidal 

ideation or 
behavior, where 

approved

Rapid reduction of 

depressive 

symptoms; 
mechanistically 

distinct option after 

inadequate response 
to conventional 

antidepressants

Dissociation, sedation, 

blood pressure 

increases, respiratory 
depression precautions, 

abuse/misuse risk, 

supervised 
administration 

requirements, and 

post-dose monitoring 
burden

High-value but selective 

option for urgent or 

treatment-resistant 
contexts requiring 

mechanistic 

diversification; should 
not be viewed as 

a substitute for 

hospitalization or 
suicide-prevention care 

when clinically 

indicated
Ketamine Glutamatergic/NMDA- 

related rapid-acting 

antidepressant 
mechanism; commonly 

used off-label for 

depression in many 
jurisdictions

TRD and severe 

depressive states 

in specialized or 
protocolized care 

settings

Rapid antidepressant 

effects in TRD; 

strong proof of 
concept for fast 

symptom reduction

Dissociation, 

cardiovascular 

monitoring needs, 
abuse/misuse potential, 

and uncertainty 

regarding continuation 
and maintenance 

strategies

Specialized rapid-acting 

intervention best used 

within structured 
expert-care pathways 

with clear monitoring 

and continuation 
planning

Dextromethorphan- 

bupropion

Dextromethorphan- 

associated NMDA 

receptor antagonism 
and sigma-1 receptor 

agonism, with 

bupropion-supported 
exposure 

enhancement through 

CYP2D6 inhibition

Adult MDD, 

where approved

Oral mechanistically 

broadened 

antidepressant 
option with relatively 

early symptom 

improvement in 
selected patients

Drug-drug interaction 

concerns, seizure-risk 

considerations related 
to bupropion, 

serotonergic/CYP- 

related cautions, and 
limited long-term 

comparative evidence 

in resistant illness

Scalable oral option 

positioned between 

conventional 
antidepressants and 

monitored rapid-acting 

interventions; optimal 
sequencing after first- 

line failure remains to 

be clarified
Vortioxetine Multimodal 

serotonergic 

antidepressant, 
including serotonin 

transporter inhibition 

and multiple serotonin 
receptor actions

Adult MDD, 

especially when 

cognitive 
symptoms, 

residual 

symptoms, or 
functional 

recovery are 

clinically relevant

Broadened 

symptom-domain 

coverage in selected 
patients, including 

possible cognitive 

and functional 
benefits

Typical antidepressant 

adverse effects; nausea 

is common; benefit 
remains individualized 

rather than uniformly 

superior to standard 
SSRIs/SNRIs

Useful when broader 

symptom-domain 

coverage is desired 
after suboptimal 

response or tolerability 

problems with standard 
SSRI/SNRI strategies

Vilazodone Serotonin reuptake 

inhibition plus 5-HT1A 

partial agonism

Adult MDD Alternative 

serotonergic 

strategy with 
a differentiated 

receptor profile

Gastrointestinal and 

serotonergic adverse 

effects; comparative 
advantages over 

standard SSRIs are not 

consistently 
established; limited role 

in severe TRD

Alternative 

serotonergic option in 

selected patients, but 
not a core strategy for 

difficult-to-treat or 

bipolar depression

(Continued)
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Table 1 (Continued). 

Drug/Class Main Mechanism/ 
Target

Relevant 
Clinical 

Context/ 
Population

Main Efficacy/ 
Clinical Signal

Key Safety/ 
Tolerability and 
Implementation 

Issues

Clinical Positioning

Agomelatine Melatonergic MT1/ 

MT2 agonism plus 
5-HT2C antagonism

Major depression 

in jurisdictions 
where available, 

especially when 

circadian or sleep- 
wake disturbance 

is prominent

Circadian/sleep- 

related relevance 
and mechanistically 

differentiated 

antidepressant 
approach

Hepatic risk and liver- 

function monitoring 
requirements; 

comparative efficacy 

and availability vary by 
setting

Niche option where 

available and clinically 
appropriate, 

particularly when sleep- 

wake dysregulation is 
prominent and liver 

monitoring is feasible

Brexanolone Intravenous 
allopregnanolone 

formulation; positive 

allosteric modulation 
of GABA-A receptors

Postpartum 
depression in 

adults, where 

available

Neuroactive steroid- 
based antidepressant 

treatment with rapid 

symptom 
improvement in 

a defined 

postpartum 
population

Prolonged monitored 
infusion, excessive 

sedation and loss-of- 

consciousness 
precautions, REMS or 

equivalent restricted- 

access requirements, 
and access/cost burden

Important proof of 
concept for 

neuroactive steroid 

treatment, but routine 
scalability is limited by 

administration and 

monitoring 
requirements

Zuranolone Oral neuroactive 

steroid; positive 
allosteric modulation 

of GABA-A receptors

Postpartum 

depression in 
adults, where 

approved; not 

a general MDD 
indication in 

current 

U.S. labeling

Short-course oral 

neuroactive steroid 
treatment with 

relatively rapid 

symptom 
improvement in 

a defined 

postpartum 
population

CNS depression, 

somnolence, dizziness, 
psychomotor 

impairment, driving 

restrictions, and 
CYP3A4 interaction 

considerations

Mechanistically 

important and more 
scalable than 

intravenous 

brexanolone, but 
current clinical 

relevance is strongest 

in postpartum 
depression

Psychedelic-assisted 

therapy, e.g., 
psilocybin

Serotonergic 5-HT2A 

receptor agonism 
delivered within 

a structured 

psychological support 
model

Investigational use 

in MDD or TRD 
in supervised 

clinical-trial or 

highly regulated 
settings

Early and mid-stage 

studies suggest rapid 
and potentially 

sustained 

antidepressant 
effects in selected 

populations

Psychological distress, 

perceptual effects, 
blood pressure 

changes, expectancy 

effects, intensive 
therapist/support 

requirements, and 

unresolved long-term 
safety and scalability 

questions

Emerging supervised 

treatment model rather 
than routine 

pharmacotherapy; 

clinical positioning 
depends on 

confirmatory trials and 

regulatory decisions

Kappa-opioid 
receptor 

antagonists, e.g., 

aticaprant, 
navacaprant

Kappa-opioid receptor 
antagonism targeting 

dynorphin-related 

stress, dysphoria, and 
anhedonia pathways

Investigational 
depression 

treatment, 

especially for 
anhedonia- or 

stress-related 

depressive 
phenotypes

Mechanism-based 
rationale and 

ongoing clinical 

development; 
efficacy and patient- 

selection signals 

remain under 
investigation

Developmental 
uncertainty, limited 

long-term safety data, 

and lack of established 
routine clinical role

Promising but 
investigational stress/ 

anhedonia-focused 

pathway; should be 
described cautiously 

until stronger clinical 

evidence is available

(Continued)
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Repurposing should not be confused with unstructured improvisation. For it to represent meaningful progress, 
mechanism must map onto a defined clinical problem, the intended use must address a genuine gap left by standard 
treatment, and the expected benefit must justify the monitoring burden. Otherwise, repurposing risks becoming poorly 
bounded off-label accumulation rather than treatment innovation.43

This issue is especially important in difficult-to-treat populations, where desperation can expand the range of 
weakly justified off-label interventions. A next-generation framework does not reject repurposing. Rather, it insists 
that repurposing be pharmacologically coherent, clinically targeted, and transparent about evidentiary limits. When 

Table 1 (Continued). 

Drug/Class Main Mechanism/ 
Target

Relevant 
Clinical 

Context/ 
Population

Main Efficacy/ 
Clinical Signal

Key Safety/ 
Tolerability and 
Implementation 

Issues

Clinical Positioning

Quetiapine Multireceptor atypical 

antipsychotic with 
antidepressant and 

mood-stabilizing 

effects

Bipolar 

depression

Established efficacy 

in bipolar depressive 
episodes

Sedation, weight gain, 

metabolic burden, 
orthostatic effects, and 

long-term tolerability 

concerns

Core bipolar-relevant 

pharmacotherapy when 
depressive symptom 

relief must be balanced 

with polarity-sensitive 
management

Lurasidone Dopamine/serotonin 

receptor antagonism 
with bipolar- 

depression efficacy

Bipolar 

I depression, as 
monotherapy or 

adjunctive therapy 

where approved

Bipolar-specific 

efficacy within 
a mood-stabilizing 

treatment 

framework

Akathisia, nausea, 

somnolence, food 
requirement for 

absorption, and class- 

related tolerability 
issues

Major bipolar- 

depression option 
when polarity-sensitive 

treatment is required 

and metabolic burden is 
a concern

Cariprazine Dopamine D3/D2 and 

serotonin receptor 
partial agonist/ 

antagonist profile

Bipolar 

I depression; 
adjunctive 

treatment of 

MDD in some 
regulatory 

settings

Useful in bipolar 

depression and 
increasingly relevant 

as adjunctive 

pharmacotherapy 
after inadequate 

antidepressant 

response

Akathisia, 

extrapyramidal 
symptoms, insomnia/ 

restlessness, long half- 

life considerations, and 
class-related burden

Bipolar-relevant option 

with a broader 
adjunctive-depression 

role in selected patients

Olanzapine- 

fluoxetine

Antipsychotic- 

antidepressant 

combination with 
mood-stabilizing and 

antidepressant effects

Bipolar 

I depression; TRD 

in some 
regulatory 

settings

Symptom relief in 

difficult-to-treat 

depressive settings

Metabolic burden, 

weight gain, sedation, 

anticholinergic effects, 
and combination- 

related tolerability 

limitations

Important but burden- 

limited option for 

selected difficult-to- 
treat patients when 

benefits justify 

metabolic and 
tolerability risks

Lamotrigine Voltage-gated sodium 

channel modulation 
with glutamatergic and 

mood-stabilizing 

effects

Bipolar 

depression, 
especially 

recurrence 

vulnerability and 
maintenance- 

oriented care

Greater value for 

depressive 
recurrence 

vulnerability and 

longitudinal 
stabilization than for 

rapid acute symptom 

relief

Rash risk, rare serious 

cutaneous reactions, 
drug-interaction 

considerations, and 

slow titration 
requirements

Important 

maintenance-oriented 
bipolar strategy rather 

than a rapid acute 

antidepressant 
intervention

Note: Clinical positioning summarizes representative evidence and common clinical use; regulatory indications, availability, and monitoring requirements vary across 
jurisdictions and should be verified against current prescribing information. 
Abbreviations: TRD, treatment-resistant depression; MDD, major depressive disorder; NMDA, N-methyl-D-aspartate; CNS, central nervous system; SSRI, selective 
serotonin reuptake inhibitor; SNRI, serotonin-norepinephrine reuptake inhibitor; REMS, Risk Evaluation and Mitigation Strategy.
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used in that way, repurposing can become a legitimate form of treatment innovation rather than an empirical 
afterthought.

Augmentation Strategies
Augmentation represents one of the clearest examples of mechanism-informed optimization, particularly when mono
therapy leaves clinically relevant residual burden after an otherwise adequate trial.44,45 It becomes clinically important 
when monotherapy yields incomplete improvement and the unresolved burden is not simply insufficient drug exposure, 
but incomplete coverage of symptom dimensions such as anxiety, insomnia, psychomotor slowing, residual cognitive 
burden, or relapse vulnerability. Among augmentation strategies, lithium retains special importance because it adds 
mechanistic diversity beyond standard antidepressant escalation and remains especially relevant in difficult-to-treat 
depression and in patients for whom mood stabilization is part of the broader therapeutic goal.46 Second-generation 
antipsychotic augmentation, especially with aripiprazole, brexpiprazole, or cariprazine, represents another established 
route to pharmacological diversification in patients with inadequate antidepressant response.47,48 Thyroid hormone 
augmentation demonstrates that endocrine modulation may help selected patients when conventional antidepressant 
response has plateaued.49

Augmentation also has important implications for how clinicians interpret partial response. Partial response should 
not be treated as a meaningless state between success and failure.50 In many cases, it contains valuable pharmacological 
information. If mood symptoms improve but severe insomnia persists, if energy improves while anxiety remains 
disabling, or if core affective symptoms respond while cognition and function recover poorly, those patterns may indicate 
that the original treatment is doing something useful but incomplete. Under such conditions, a carefully chosen add-on 
strategy may be more rational than abandoning the original drug altogether, particularly in some treatment-resistant 
settings.51

At the same time, augmentation should remain disciplined, reversible, and reviewable. Every additional agent 
increases interpretive complexity and cumulative burden. Over time, the core discipline of augmentation is not only 
knowing when to add, but also knowing when to reassess whether the added drug still justifies its presence. For 
augmentation to qualify as genuinely next-generation, it should be guided by the dominant residual burden, expected 
benefit, interaction profile, and likely feasibility of sustained use.

Rational Combination Pharmacotherapy
Combination pharmacotherapy is frequently approached with justified caution because it can easily become associated 
with overmedication, interaction burden, and reduced clarity about which component is producing benefit or harm. Yet 
strict commitment to serial monotherapy may also be inefficient in clinically complex depression. Rational combination 
treatment becomes defensible when the components have nonredundant pharmacological roles, target distinct clinically 
relevant dimensions of illness, and do not impose an excessive cumulative burden.52

A useful way to distinguish rational combination treatment from indiscriminate polypharmacy is to ask whether each 
component would still be defensible if discussed independently. If the justification for one drug rests only on vague hope 
that “more treatment” may help, the combination is unlikely to be pharmacologically robust. By contrast, when one 
treatment addresses persistent insomnia, another unresolved affective burden, and another relapse liability or polarity 
instability, the regimen may remain coherent even if complex. The central requirement is that complexity be purposeful 
rather than accidental.

Combination therapy is therefore easy to either overpraise or overcriticize. The more balanced position is that it can 
be clinically valuable, but only when its nonredundancy, safety, and expected benefit are sufficiently clear. In that sense, 
rational combination treatment can be one of the most practical expressions of next-generation care, provided that 
complexity remains interpretable and proportionate.

Dose, Sequencing, and Transition Strategies
Pharmacological innovation in depression does not occur only at the level of new molecules; it also occurs through better 
use of time. Dose, titration speed, sequencing of mechanisms, and transition planning often determine whether 
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a treatment can realize its theoretical value. In treatment-resistant illness, repeated switching among broadly similar 
antidepressants may consume months while adding little mechanistic diversity.53 Earlier augmentation, earlier use of 
a mechanistically distinct strategy, or earlier identification of pseudo-resistance due to poor exposure or intolerance may 
be more informative than another conventional substitution.54

Sequencing also influences how patients understand and engage with treatment. Repeated medication changes without 
a clear rationale can communicate therapeutic uncertainty and deepen patient frustration. By contrast, a sequence 
explicitly explained in pharmacological terms may improve understanding and adherence even when treatment remains 
difficult. In this sense, sequencing is not merely a technical issue; it is part of how treatment becomes interpretable and 
sustainable over time. This is especially relevant in TRD, where the cumulative experience of prior failure often 
influences response to the next intervention as much as the molecule itself.

Transition planning is equally important after rapid-acting interventions. Acute improvement can create the impres
sion that the therapeutic problem has been solved, when in practice the harder question is how to preserve and extend 
benefit. Sequencing is therefore a core part of next-generation pharmacotherapy because it determines how mechanistic 
diversity, speed, and long-term management are connected rather than treated as separate concerns.

Maintenance Treatment and Sustained-Use Considerations
Depression pharmacotherapy is too often judged through the lens of acute response alone. For many patients, however, 
the decisive issue is whether benefit can be maintained without unacceptable cumulative burden.55 Maintenance-oriented 
prescribing requires active decisions about which components of an acute regimen remain necessary, which can be 
simplified, and how relapse prevention should be balanced over time as treatment goals change.56 Relapse prevention 
must also be balanced against metabolic effects, sexual dysfunction, emotional blunting, sedation, or discontinuation 
difficulty.57,58

Maintenance treatment should therefore be viewed as a phase of active therapeutic design rather than passive 
continuation. Once acute symptom pressure has been reduced, clinicians must reconsider the pharmacological architec
ture of the regimen. Which elements are still essential? Which were introduced for crisis containment and may no longer 
be needed? Which components impose the greatest long-term burden? These questions are central to next-generation care 
because a regimen that cannot be maintained, simplified, or eventually tapered in a tolerable way is less useful than one 
that offers somewhat smaller acute gains but better long-term viability.

This sustained-use perspective is especially important after aggressive augmentation, complex combinations, or rapid- 
acting interventions introduced during severe episodes. In real-world care, maintenance is often where the true success or 
failure of a pharmacological strategy becomes most visible. It is also where patient-centered treatment reasoning 
becomes most important. A regimen that works on paper but is difficult to live with is unlikely to retain long-term 
value. Because therapeutic progress in depressive disorders depends not only on novel compounds but also on more 
rational use of available agents, Table 2 outlines mechanism-informed optimization strategies that may improve treatment 
fit, tolerability, and long-term clinical utility.

Precision Pharmacotherapy: Pharmacogenomics, PK/PD Variability, and 
Clinical Stratification
Precision pharmacotherapy in depressive disorders aims to improve treatment selection and dosing by reducing avoidable 
mismatch between patient variability and drug exposure, tolerability, or mechanism of action. In current practice, its most 
actionable components include pharmacogenomics relevant to antidepressant metabolism, PK/PD-informed interpreta
tion of apparent non-response or intolerance, and structured clinical stratification based on treatment history, polarity risk, 
symptom profile, and longitudinal course. Although current tools do not reliably identify the single best antidepressant 
for an individual patient, they can improve prescribing by helping clinicians identify patients who may require dose 
adjustment, closer monitoring, earlier augmentation, or movement to a mechanistically distinct therapy.59,60

The need for precision arises because depressive disorders are pharmacologically heterogeneous even when they 
appear diagnostically similar. Two patients may meet criteria for a depressive episode while differing substantially in 
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Table 2 Mechanism-Informed Optimization Strategies Using Available Drugs in Depressive Disorders

Strategy Representative 
Agents/Approach

Clinical Rationale Best-Fit Clinical 
Scenario

Major Limitations/ 
Safety Concerns

Clinical Positioning

Drug 

repurposing

Use of established 

agents for clearly 

defined depressive 
subdomains or 

residual symptom 

clusters

Matches known 

pharmacology to 

a clinically identifiable 
need not adequately 

addressed by standard 

antidepressant 
treatment

Residual insomnia, 

circadian disturbance, 

partial response, 
anxious distress, 

fatigue, or other 

selected symptom- 
domain burdens

Evidence may be 

heterogeneous; off- 

label use may outpace 
evidence; not all 

repurposing is 

mechanistically 
coherent

Useful when the 

pharmacological 

rationale and target 
symptom burden are 

explicit; should remain 

evidence-conscious, 
selective, and 

periodically reassessed

Lithium 
augmentation

Lithium added to an 
antidepressant 

regimen

Adds mechanistic 
diversity beyond 

antidepressant 

escalation and may 
broaden mood- 

stabilizing and anti- 

suicidal clinical 
relevance in selected 

patients

Difficult-to-treat 
depression, recurrent 

illness, partial response, 

or cases with broader 
mood-stability 

concerns

Monitoring burden, 
renal and thyroid 

considerations, drug 

interactions, 
tolerability limitations, 

and narrow 

therapeutic window

High-value 
augmentation strategy 

in selected difficult-to- 

treat patients when 
monitoring is feasible 

and risks are acceptable

Second- 
generation 

antipsychotic 
augmentation

Aripiprazole, 
brexpiprazole, 

cariprazine, and 
related adjunctive 

strategies

Diversifies mechanism 
beyond standard 

monoaminergic 
antidepressant 

treatment and may 

target residual affective, 
motivational, or relapse- 

related burden

Partial response with 
persistent core 

depressive symptoms, 
relapse vulnerability, or 

inadequate benefit 

from antidepressant 
monotherapy

Akathisia, metabolic 
burden, sedation, 

extrapyramidal 
symptoms, and long- 

term tolerability 

concerns

Established 
augmentation approach 

when antidepressant 
monotherapy is 

insufficient; long-term 

benefit should be 
weighed against 

cumulative adverse- 

effect burden
Thyroid 

hormone 

augmentation

Liothyronine-based 

augmentation in 

selected patients

Provides a non- 

monoaminergic 

augmentation route 
when antidepressant 

response has plateaued

Plateaued 

antidepressant 

response in selected 
patients after 

inadequate 

improvement with 
standard strategies

Endocrine 

considerations, 

cardiovascular 
cautions, patient- 

selection 

requirements, and 
monitoring needs

Reasonable option in 

selected cases, 

particularly when other 
augmentation strategies 

are unsuitable, 

ineffective, or poorly 
tolerated

Rational 

combination 
treatment

Nonredundant multi- 

drug strategies with 
distinct 

pharmacological 

roles

Addresses 

multidimensional 
depressive burden more 

directly than repeated 

serial monotherapy 
when each component 

has a clear role

Persistent mixed 

residual domains, prior 
partial benefit from one 

component, or 

complex symptom 
architecture requiring 

more than one 

pharmacological target

Drug-drug 

interactions, 
interpretability 

problems, cumulative 

adverse effects, 
adherence complexity, 

and deprescribing 

difficulty

Best reserved for 

clearly justified 
regimens in which each 

component has an 

independent rationale 
and a planned 

reassessment point

Dose 

optimization

Titration adjustment, 

target-dose 

reassessment, 
exposure-sensitive 

dose refinement, and 

adverse-effect-guided 
dose modification

Improves the balance 

between drug exposure, 

efficacy, and tolerability 
before declaring 

treatment failure

Apparent non-response 

with possible 

underdosing, poor 
tolerability at current 

dose, adherence 

uncertainty, or unclear 
adequacy of exposure

Requires close follow- 

up and careful 

interpretation; may be 
limited by adverse 

effects at higher doses 

or poor adherence

Foundational 

optimization step that 

may prevent premature 
switching or 

misclassification of 

treatment resistance

(Continued)

Drug Design, Development and Therapy 2026:20                                                                             https://doi.org/10.2147/DDDT.S609327                                                                                                                                                                                                                                                                                                                                                                                                      13

Bu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



polarity sensitivity, residual symptom domains, illness trajectory, and adverse-effect vulnerability. Yet routine treatment 
often begins from the assumption that the same first-line logic applies to both. As a result, what is labeled “non-response” 
may actually reflect inadequate exposure, intolerable adverse effects, bipolar-spectrum activation, poor adherence, 
premature discontinuation, or an initial mismatch between drug profile and dominant symptom burden. Precision 
pharmacotherapy helps separate these possibilities rather than collapsing them into a single category of failure.

Pharmacogenomics is one of the clearest examples of clinically usable precision, but it should be positioned 
realistically. Current CPIC guidance supports clinically relevant use of CYP2D6 and CYP2C19 genotype information 
for several serotonin reuptake inhibitor antidepressants and includes recommendations relevant to vortioxetine- and 
sertraline-related metabolism.61 In practice, such information may help explain why one patient develops adverse effects 
at standard doses while another appears to have unexpectedly weak exposure or poor tolerability.62 This is particularly 
useful after repeated treatment failures in which the usual interpretation of pure pharmacodynamic inefficacy appears 
incomplete.

Even so, pharmacogenomic testing is better viewed as a refinement tool than as a stand-alone treatment-selection 
algorithm. It does not yet offer a simple or consistently reliable map from genotype to antidepressant success. Its best use 

Table 2 (Continued). 

Strategy Representative 
Agents/Approach

Clinical Rationale Best-Fit Clinical 
Scenario

Major Limitations/ 
Safety Concerns

Clinical Positioning

Mechanism- 
based 

sequencing

Earlier transition to 
a pharmacologically 

distinct strategy 

rather than repeated 
within-class 

substitution

Avoids repetitive trial- 
and-error within one 

mechanistic class and 

increases informative 
treatment 

diversification

Multiple failed 
monoaminergic trials, 

suspected pseudo- 

resistance, or 
inadequate benefit 

despite reasonable 

treatment adequacy

Requires clinical 
judgment; may be 

constrained by access, 

cost, monitoring 
requirements, and 

regulatory availability

Central next-generation 
strategy in difficult-to- 

treat depression when 

repeated same- 
mechanism substitution 

has low expected value

Transition 

planning after 

rapid-acting 
treatment

Planned continuation 

strategy after 

ketamine, 
esketamine, 

neuroactive steroid 

treatment, or other 
rapid-acting 

interventions

Connects acute 

symptom relief with 

relapse prevention, 
functional recovery, and 

sustained-care goals

Early response after 

rapid-acting 

intervention, acute 
crisis stabilization, or 

short-term 

improvement that 
requires maintenance 

planning

Risk of relapse if 

continuation is not 

defined; logistical 
burden; uncertainty 

about optimal 

continuation 
frequency or 

combination strategy

Essential for converting 

rapid symptom 

reduction into durable 
clinical value

Measurement- 
based care

Routine monitoring 
of depressive 

symptoms, function, 

adherence, adverse 
effects, sleep, 

activation, and 

suicidality

Turns pharmacotherapy 
into an iterative process 

and helps distinguish 

non-response, partial 
response, intolerance, 

underexposure, and 

relapse risk

Any depressive 
disorder requiring 

treatment adjustment; 

especially TRD, bipolar 
depression, 

augmentation, and 

maintenance phases

Implementation 
burden, workflow 

constraints, and need 

for consistent 
interpretation of 

rating-scale changes

Practical infrastructure 
for precision 

pharmacotherapy and 

safer optimization of 
both novel and 

established drugs

Maintenance 

simplification

Post-response 

regimen review, 

streamlining, and 
reduction of 

unnecessary 

pharmacological 
burden

Balances relapse 

prevention against long- 

term tolerability, 
metabolic burden, 

sexual dysfunction, 

emotional blunting, 
sedation, and treatment 

complexity

After acute response 

to complex, 

burdensome, or 
aggressively augmented 

regimens

Risk of destabilization 

or relapse if 

simplification is 
premature, rapid, or 

poorly sequenced

Important for 

sustained-use 

prescribing and long- 
term regimen viability 

once acute symptom 

pressure has been 
reduced

Note: Strategies shown here reflect mechanism-informed and clinically selective optimization approaches rather than universal sequencing rules. Their appropriateness 
depends on diagnosis, polarity risk, illness phase, prior treatment history, treatment adequacy, tolerability, access, patient preference, and monitoring feasibility.
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is therefore practical and bounded: helping clinicians avoid avoidable dose-related errors, interpret difficult treatment 
histories more intelligently, and tailor monitoring and sequencing decisions more carefully.

PK/PD variability broadens this perspective beyond genotype. Patients differ in absorption, distribution, metabolism, 
elimination, receptor sensitivity, interaction burden, and cumulative pharmacological load. These differences can sub
stantially affect both benefit and harm. A patient may appear treatment resistant when the actual problem is poor 
exposure, food-related absorption variability, inhibition of a relevant metabolic pathway, or inability to tolerate the dose 
required for efficacy.63 In polypharmacy, the practical meaning of a regimen may change because of additive sedation, 
serotonergic burden, QT-related concerns, or metabolic competition among multiple agents.64

Clinical stratification remains equally important because some of the most useful predictors are still clinical rather 
than molecular. A patient with recurrent partial response and rapid relapse is not the same as a patient with repeated early 
activation, mixed symptoms, or likely bipolar-spectrum instability.65 A patient who repeatedly stops medication because 
of side effects presents a different pharmacological problem from one who tolerates multiple trials but derives little 
benefit from any of them. A next-generation framework treats these histories as patterns that guide earlier augmentation, 
closer monitoring, bipolar screening, maintenance planning, or transition to more mechanistically distinct interventions.

Precision pharmacotherapy should therefore be understood not as a distant or separate domain, but as a modifier of 
everyday prescribing decisions.66 Its practical value lies in making treatment less repetitive, less avoidably empirical, and 
more responsive to the differences that shape antidepressant response in real patients. Precision pharmacotherapy in 
depressive disorders extends beyond pharmacogenomic testing alone. As summarized in Table 3, individualized 
prescribing may also be informed by pharmacokinetic and pharmacodynamic variability, polarity-sensitive treatment 
selection, prior treatment history, tolerability vulnerability, and maintenance-related risk stratification.

Measurement-based care provides a practical structure for implementing precision pharmacotherapy.67 Repeated 
assessment of symptom severity, functional recovery, adverse effects, adherence, sleep, activation, and suicidality can 
help distinguish non-response from partial response, intolerance, underexposure, or emerging bipolar-spectrum 
instability.68 In this sense, measurement-based care is not separate from pharmacotherapy; it is a clinical method for 
determining whether a drug strategy remains appropriate, requires optimization, or should be changed.

Treatment-Resistant Depression and Bipolar Depression as Key Clinical 
Contexts
Figure 2 depicts the conceptual integration of novel agents and optimization strategies within the specific clinical contexts 
of TRD and bipolar depression, highlighting a multidimensional approach to treatment selection and sequencing.

The value of next-generation pharmacotherapy becomes most visible not in straightforward cases, but in settings 
where conventional treatment logic fails most clearly. TRD and bipolar depression are therefore not merely subgroups of 
interest. They are high-value clinical contexts in which the strengths, limits, and trade-offs of contemporary pharmaco
logical innovation are exposed most sharply.18 They show whether new drugs and optimized strategies genuinely 
improve care under pressure rather than only in relatively uncomplicated first-line treatment scenarios. These two 
settings are especially important because they are where both novel compounds and optimized use of available drugs 
are most severely tested.

Treatment-Resistant Depression
Operational definitions of TRD vary substantially across trials and care settings, which limits direct comparison of 
pharmacological strategies.69,70 TRD is often defined numerically by the number of unsuccessful treatment trials, but its 
broader significance is more instructive. Repeated failure of monoaminergic strategies raises a mechanistic question 
rather than a purely numerical one: is the patient still waiting for the “right” antidepressant within the same general 
framework, or has the treatment model itself become too narrow for the biology and symptom architecture of the illness? 
This is why TRD occupies such a central place in discussions of next-generation treatment. It is the setting in which 
mechanistic diversification becomes not merely interesting but often necessary.
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Table 3 Domains of Precision Pharmacotherapy in Depressive Disorders

Domain Practical Clinical 
Application

Representative Example Potential Benefit Current Limitations

Pharmacogenomics Informs antidepressant 

dosing, selection, and 

monitoring when genetic 
variants affect drug 

metabolism or tolerability

CYP2D6/CYP2C19-guided 

dosing or avoidance 

considerations for selected 
antidepressants, such as 

sertraline, citalopram, 

escitalopram, paroxetine, 
fluvoxamine, or vortioxetine

May reduce avoidable 

exposure-related adverse 

effects, dosing errors, and 
misinterpretation of 

apparent non-response in 

selected patients

Does not reliably predict 

overall antidepressant 

efficacy; results require 
integration with diagnosis, 

symptoms, comorbidities, 

drug interactions, and clinical 
history

Pharmacokinetic 

variability

Identifies non-response or 

intolerance related to drug 
exposure, absorption, 

metabolism, elimination, 

or interactions

CYP inhibition or induction, 

food-dependent absorption, 
hepatic or renal impairment, 

smoking-related metabolism, 

or CYP3A4 interaction 
effects

Supports safer dosing, 

interaction avoidance, and 
more accurate 

interpretation of treatment 

failure or adverse effects

Often under-recognized in 

routine practice; may be 
difficult to assess without 

careful medication 

reconciliation or specialized 
testing

Pharmacodynamic 

variability

Matches expected drug 

effects to patient-specific 
symptom domains and 

adverse-effect vulnerability

Choosing a more activating 

agent for anergia or a more 
sedating option when 

insomnia and agitation are 

dominant, while avoiding 
mismatch with anxiety or 

bipolar activation risk

Improves treatment fit by 

aligning drug profile with 
sleep, energy, cognition, 

anxiety, appetite, sexual 

function, and functional 
goals

Less directly measurable than 

PK variability; depends on 
careful clinical judgment and 

close follow-up

Polarity-risk 

stratification

Prevents unipolar 

antidepressant strategies 

from destabilizing patients 
with bipolar-spectrum 

illness

Prioritizing mood-stabilizing 

or bipolar-specific treatments 

such as lithium, quetiapine, 
lurasidone, cariprazine, 

lamotrigine, or olanzapine- 

fluoxetine when bipolar 
depression is likely

May reduce risk of manic or 

hypomanic switch, mixed- 

feature worsening, and 
longitudinal destabilization

Requires thorough 

longitudinal assessment; 

bipolar-spectrum 
misclassification remains 

common and may be difficult 

during acute depression

Treatment-history- 

based stratification

Uses previous response, 

partial response, 
intolerance, adherence, 

relapse, and 

discontinuation patterns to 
guide next-step treatment

Distinguishing global non- 

response from partial 
unstable response, 

intolerance-driven 

discontinuation, inadequate 
exposure, or early relapse 

after response

Enables more rational 

switching, augmentation, 
sequencing, or correction of 

pseudo-resistance

Depends on accurate prior 

treatment history, treatment 
adequacy documentation, and 

access to clinical records

Tolerability- 
informed selection

Tailors medication choice 
to side-effect vulnerability 

and likely adherence 

barriers

Avoiding highly sedating, 
metabolically burdensome, 

sexually impairing, or 

gastrointestinally activating 
regimens when those effects 

are likely to undermine 

adherence

Improves medication 
persistence, patient 

acceptability, and sustained 

use

May narrow treatment 
options in severe or resistant 

depression; tolerability 

preferences can change 
across illness phases

Suicide-risk and 

urgency 

stratification

Identifies when speed of 

symptom relief, 

supervision, safety 
planning, or higher level of 

care should shape 

pharmacological decisions

Considering supervised 

rapid-acting options in 

appropriate urgent settings 
while ensuring 

hospitalization, crisis 

intervention, or intensive 
monitoring when clinically 

indicated

Aligns pharmacotherapy 

with short-term risk 

management and clinical 
urgency

Drug treatment alone may be 

insufficient; evidence for 

rapid depressive-symptom 
reduction should not be 

equated with proven suicide- 

prevention effects

(Continued)
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The current regulatory landscape reflects this point. Esketamine has a formal U.S. indication for adult treatment- 
resistant depression, and the olanzapine-fluoxetine combination is approved for the acute treatment of treatment-resistant 
depression in adults within its labeled definition.71 Their importance extends beyond the particular products themselves. 
They demonstrate that drug development is being translated most directly in the patient populations where conventional 
treatment has been least satisfactory. The practical challenge, however, is that TRD is not a monolithic category. Some 
patients are globally nonresponsive. Others show partial but unstable improvement. Others appear resistant because 
adverse effects prevented adequate trials, exposure was inadequate, bipolarity was underrecognized, or the drug 
addressed only part of the actual syndrome.72

TRD therefore teaches an interpretive lesson as much as a therapeutic one. Not all failure means the same thing, and 
a next-generation framework improves care not only by offering more options, but by interpreting failed options more 
intelligently. The goal is not simply to introduce more intensive or novel interventions, but to determine what kind of 
failure has occurred and what form of diversification is actually justified. In some patients, rapid-acting or mechan
istically distinct interventions may be appropriate relatively early. In others, the more important advance may lie in 
correcting pseudo-resistance, clarifying bipolarity, or reorganizing an overly accumulated regimen.

TRD also illustrates why innovation must be accompanied by restraint.73 The more difficult the population, the easier 
it is to overread limited improvement, extrapolate from heterogeneous evidence, or ignore the possibility that prior care 
varied in adequacy. For this reason, next-generation treatment in TRD should not be equated with indiscriminate 
treatment intensification. Its aim is not “more treatment at any cost”, but better-targeted treatment based on what 
previous failure actually means.

Bipolar Depression
The evidence base for bipolar depression is narrower and more heterogeneous than that for unipolar major depression, 
and pharmacological transfer from unipolar depression is often clinically unsafe.74 Treatments that appear reasonable in 
unipolar depression may be much less acceptable in bipolar depression if they increase switching, activation, or mixed 
symptoms. This is why bipolar-specific pharmacotherapies deserve separate emphasis. Regulatory indications and 
guideline hierarchies consistently highlight quetiapine, lurasidone, cariprazine, and olanzapine-fluoxetine as major drug- 
based options for bipolar depression, while lithium and lamotrigine remain important for broader mood-stabilizing and 
maintenance strategies.75

The common feature of these treatments is not simply antidepressant efficacy, but efficacy within a polarity-sensitive 
framework. Bipolar depression therefore serves as an especially important stress test for the idea of next-generation care. 
It reminds us that pharmacological success cannot be defined solely by short-term symptom change. A treatment can be 
antidepressant in a narrow sense while still being clinically inadequate if it destabilizes the broader course of illness. 
Conversely, a drug may deserve special value precisely because it reduces depressive burden without worsening 
longitudinal instability.

Table 3 (Continued). 

Domain Practical Clinical 
Application

Representative Example Potential Benefit Current Limitations

Maintenance-risk 
stratification

Guides continuation, 
simplification, relapse- 

prevention, and tapering 

decisions after acute 
response

Identifying patients requiring 
sustained multi-component 

therapy versus those suitable 

for gradual simplification after 
stability

Balances long-term relapse 
prevention with reduced 

medication burden and 

improved adherence

Evidence for individualized 
maintenance algorithms is still 

evolving; premature 

simplification may increase 
relapse risk

Note: Precision pharmacotherapy should be understood as a practical decision-support framework rather than a stand-alone algorithm for selecting the single best 
antidepressant. 
Abbreviations: PK, pharmacokinetic; PD, pharmacodynamic.
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Figure 2 A clinically integrated framework for next-generation pharmacotherapy in depressive disorders. This framework illustrates how novel, rapid-acting, and 
mechanistically broadened treatments may be integrated with optimized use of available drugs across major depressive disorder, treatment-resistant depression, and 
bipolar depression. The model incorporates augmentation, rational combination treatment, sequencing and transition strategies, pharmacogenomic- and PK/PD-informed 
prescribing, and maintenance planning. Particular emphasis is placed on balancing early symptom relief, long-term tolerability, real-world feasibility, and polarity stability in 
bipolar illness.

https://doi.org/10.2147/DDDT.S609327                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2026:20 18

Bu et al                                                                                                                                                                               

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



This makes bipolar depression a setting for mechanism-informed caution. Pharmacological strategies effective in 
unipolar depression cannot be transferred to bipolar depression without considering switching liability, mixed features, 
and longitudinal instability.76,77 In unipolar depression, pharmacological progress is often discussed mainly in terms of 
response magnitude or speed. In bipolar depression, the framework must be wider. A treatment has to be assessed not 
only for whether it reduces depressive symptoms, but for how it influences switching risk, mixed phenomenology, overall 
instability, and long-term acceptability. From a drug development and therapy perspective, this is highly relevant because 
it shows that progress in depressive disorders cannot be judged only by whether a treatment is antidepressant in a narrow 
sense; it must also be judged by whether it is illness-appropriate over time.

Safety, Tolerability, Implementation Burden, and Real-World Use
The value of next-generation pharmacotherapy cannot be determined by efficacy alone. A treatment may appear highly 
innovative because it acts rapidly, engages a novel pathway, or expands options in difficult-to-treat populations, yet still 
occupy only a limited place in care if its tolerability profile, monitoring demands, cost, or implementation burden 
constrain routine use. Safety is therefore not a secondary filter applied after efficacy has been demonstrated. It is part of 
what determines whether a pharmacological strategy is genuinely useful. This is particularly relevant to drug develop
ment and therapy because innovation that cannot be feasibly deployed may have limited therapeutic impact despite 
mechanistic promise.

Early tolerability remains one of the most underestimated determinants of outcome.78,79 In depressive disorders, 
medication is often initiated during periods of hopelessness, cognitive slowing, heightened somatic sensitivity, or 
profound ambivalence about treatment. Under such conditions, even moderate early adverse effects may have dispropor
tionate consequences for adherence. Nausea, akathisia, sedation, insomnia, activation, dizziness, dissociation, or sub
jective unfamiliarity may lead patients to abandon a potentially useful treatment before meaningful benefit can emerge. 
This is especially relevant for mechanistically distinct or rapid-acting interventions, in which novelty may coexist with 
unfamiliar subjective effects or more complex administration procedures.80

Long-term safety extends beyond persistent side effects alone. Sustained pharmacotherapy may affect metabolic 
health, sexual functioning, emotional range, sleep quality, cognition, and overall quality of life. A regimen that performs 
well acutely may lose much of its value if it becomes difficult to maintain without cumulative burden.81 This is 
particularly relevant in bipolar-relevant treatment and in augmentation-based regimens, where metabolic effects, akathi
sia, sedation, endocrine issues, or treatment complexity may progressively erode acceptability over time. A clinically 
useful strategy must therefore be evaluated not only by whether it works, but also by whether it remains acceptable and 
sustainable for patients over time.

Real-world implementation introduces additional barriers. Some next-generation treatments require structured super
vision, post-dose observation, special clinical settings, or more frequent visits than standard antidepressants. Others are 
easier to prescribe but more difficult to sustain because of interaction issues, insurance coverage limitations, or poor 
patient tolerance. These barriers are not peripheral to treatment evaluation. They influence who can actually receive 
a drug, under what conditions, and for how long. For a journal focused on drug development and therapy, implementation 
burden is part of the therapeutic profile of a treatment, not an external inconvenience.

In bipolar populations, safety must be evaluated through an even broader lens. Relevant harms include not only 
conventional adverse effects, but also mood destabilization, switching, mixed-state worsening, and long-term disruption 
of illness course.82 This reinforces a broader principle: safety is not a fixed property of a molecule alone, but a context- 
dependent property of the drug-patient-illness interaction. Next-generation treatment becomes meaningful only when 
efficacy, tolerability, safety, and feasibility remain aligned strongly enough to support real clinical use.

Translational Challenges and Future Directions
Despite major progress in depression pharmacotherapy, the gap between mechanistic promise and routine clinical 
usefulness remains substantial.83 One reason is that depressive disorders are still often treated within diagnostic 
categories that are broader than the biological and longitudinal realities they are intended to capture. Patients classified 
under the same depressive label may differ significantly in symptom architecture, polarity risk, treatment sensitivity, 
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relapse pattern, and adverse-effect vulnerability, yet clinical trials and treatment algorithms often remain more homo
geneous than the populations to which they are applied. This mismatch limits both innovation and implementation.

The problem is especially visible in treatment-resistant depression. Definitions remain inconsistent across studies and 
clinical settings, making it difficult to compare interventions or determine whether apparent advances reflect true 
therapeutic improvement or simply differences in who was studied. Future progress in TRD will depend less on counting 
failed trials and more on characterizing the type of resistance involved: mechanistic non-response, partial unstable 
response, intolerance-driven discontinuation, underexposure, pseudo-resistance, bipolar-spectrum misclassification, or 
some combination of these factors. Better phenotyping is likely to be as important as the development of additional 
compounds.84

A parallel challenge exists in bipolar depression, where the evidence base remains narrower and more contested than 
in unipolar depression. Greater bipolar-specific drug development and more polarity-sensitive trial design are still 
needed.85 Without this, pharmacological knowledge in bipolar depression will remain too dependent on extrapolation 
from unipolar studies, which is conceptually weak and clinically risky.

Another major challenge is treatment selection. Pharmacogenomics, PK/PD-informed prescribing, and clinical 
stratification all offer value, but they do not yet provide highly reliable algorithmic guidance. Their future usefulness 
will depend on whether they can be integrated into practical models that improve early treatment fit rather than simply 
add complexity. For readers focused on drug development and therapy, the central translational challenge is no longer 
novelty alone, but how to connect mechanism, safety, feasibility, and illness-specific deployment.

The evidence base also remains limited in ways that directly affect translation. Head-to-head comparative studies 
remain relatively scarce, follow-up periods are often too short to determine whether acute response leads to sustained 
recovery, and real-world effectiveness data are not always well integrated with mechanistic or regulatory evidence.86 

Some next-generation approaches also require specialized monitoring, intensive visits, or structured continuation path
ways that many health systems are not yet equipped to provide. Conversely, some lower-technology forms of optimiza
tion, such as better sequencing or more disciplined augmentation, may offer substantial gains yet remain 
underemphasized because they lack the visibility of molecular innovation.

Future progress in depression pharmacotherapy is therefore likely to depend on integration rather than novelty alone: 
integration of drug mechanism, patient variability, illness course, safety, and real-world feasibility. Under this view, the future 
of next-generation pharmacotherapy lies not simply in discovering more treatments, but in building better frameworks for 
using treatments. Novel compounds, optimized use of available drugs, precision-informed prescribing, and illness-specific 
therapeutic models should be seen as interdependent rather than competing directions. In depressive disorders, real progress 
will come when these elements are connected more effectively in everyday clinical decision-making.

Limitations
Several limitations should be considered when interpreting this review. First, it is a clinically oriented narrative review 
rather than a systematic review or meta-analysis; therefore, formal PRISMA-based screening, quantitative synthesis, and 
risk-of-bias assessment were not performed. Second, the included evidence varies substantially across treatment classes. 
Some interventions, such as esketamine, dextromethorphan–bupropion, brexanolone, zuranolone, and selected bipolar- 
relevant pharmacotherapies, are supported by regulatory documents and clinical trial evidence, whereas others, including 
psychedelic-assisted pharmacotherapy and kappa-opioid receptor antagonists, remain investigational or dependent on 
further confirmatory studies. Third, regulatory status, availability, monitoring requirements, and implementation feasi
bility differ across jurisdictions and clinical settings. Finally, because depressive disorders are clinically heterogeneous, 
the treatment framework discussed here should be interpreted as a decision-support perspective rather than a universal 
prescribing algorithm.

Conclusion
The framework discussed in this review is not intended to replace disorder-specific treatment guidelines, but to clarify 
how novel and established pharmacotherapies can be interpreted within a mechanism-informed and clinically practical 
model.
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Next-generation pharmacotherapy for depressive disorders should be understood as a mechanism-informed frame
work that integrates novel compounds with better use of available medications. Current progress is being shaped by 
rapid-acting and NMDA-related agents, multimodal antidepressants, neuroactive steroid-related approaches, psychedelic- 
assisted therapy, kappa-opioid receptor antagonists, bipolar-relevant pharmacotherapies, and more deliberate use of 
augmentation, combination treatment, sequencing, and maintenance planning. At the same time, pharmacogenomics, 
PK/PD variability, and clinically informed stratification may improve treatment selection and reduce avoidable mismatch 
in heterogeneous patient populations.

Future advances will depend not only on developing new drugs, but also on improving how treatments are selected, 
sequenced, combined, monitored, and sustained across unipolar depression, bipolar depression, and TRD. Under this 
broader view, innovation is defined less by recency alone than by whether a treatment improves pharmacological fit, real- 
world usability, and long-term clinical value.
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