Systematic Review

Safiye Zeynep Tath!
Murat {lhan Atagiin? *

Rethinking Treatment-Resistant Depression: A
Systematic Review of Novel Therapeutic
Strategies and Precision Medicine Approaches

Turkey

I Department of Psychiatry, Etlik City Hospital, 06170 Ankara, Turkey
2Department of Psychiatry, Faculty of Medicine, Canakkale Onsekiz Mart University, 17020 Canakkale,

Abstract

Background: Treatment-resistant depression (TRD) is
a complex and heterogeneous condition affecting a consid-
erable subset of patients who do not respond to conventional
antidepressants. Given the limitations of traditional treat-
ment strategies, there is a growing need for alternative and
personalized approaches.

Objective: This review explores the neurobiological
underpinnings of TRD and examines the efficacy of emerg-
ing pharmacological and neuromodulatory interventions.
We also highlight the potential role of the bipolar spectrum
in TRD and the need for tailored treatment strategies.

Methods: A systematic review of literature from 2015
to 2025 was conducted using PubMed and Scopus. Stud-
ies on TRD treatment modalities, including augmentation
strategies, mood stabilizers, atypical antipsychotics, and
neuromodulation techniques, were analyzed.

Results: Our findings indicate that novel interven-
tions, such as ketamine, esketamine, psychedelics, and neu-
romodulation therapies (e.g., repetitive transcranial mag-
netic stimulation, magnetic seizure therapy) show promise
in addressing TRD. Additionally, biomarker-driven and
pharmacogenetic approaches may enhance treatment selec-
tion and improve outcomes. Evidence suggests that a sub-
set of patients with TRD could fall within the bipolar spec-
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trum, requiring mood stabilizers and antipsychotics rather
than standard antidepressant regimens.

Conclusion: A multidisciplinary and precision-based
approach is essential for optimizing TRD management. Fu-
ture research should focus on biomarker-driven treatment
selection, artificial intelligence-assisted decision making,
and large-scale trials to refine personalized therapeutic
strategies.
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Introduction

Treatment-resistant depression (TRD) is a clinical
condition characterized by an inadequate response to at
least two different classes of antidepressants administered
at an optimal dose and duration [1]. A considerable pro-
portion of patients with major depressive disorder (MDD)
do not respond to initial antidepressant therapy, and many
require multiple treatment attempts before remission is
achieved. TRD imposes a substantial burden at both in-
dividual and societal levels, leading to a marked decline in
quality of life, increased functional impairment and mor-
tality [2]. Currently, three primary pharmacotherapeutic
strategies are used for the clinical management of TRD: an-
tidepressant dose optimization, augmentation or combina-
tion therapies, and switching pharmacotherapy [3]. How-
ever, despite these strategies, a significant number of pa-
tients fail to reach full remission, highlighting the need for
a better understanding of the biological and clinical mech-
anisms underlying TRD [3].
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The pathophysiology of TRD is complex and mul-
tifactorial, extending beyond the classic monoamine
deficiency hypothesis to encompass synaptic dysfunc-
tion, neuroinflammation, hypothalamic—pituitary—adrenal
(HPA) axis dysregulation, and alterations of the glutamater-
gic system. A growing body of research has explored po-
tential biomarkers to better characterize TRD and guide
personalized interventions. These include: (i) genetic
polymorphisms (e.g., serotonin transporter gene SLC6A4,
brain-derived neurotrophic factor BDNF, FK506-binding
protein 5 FKBPS [4-7]; (ii) neuroimaging markers (e.g., al-
tered fronto-limbic connectivity, reduced hippocampal vol-
ume) [8,9]; (iii) inflammatory mediators (e.g., interleukin-
6, tumor necrosis factor-a, C-reactive protein) [ 10—13]; and
(iv) neuroendocrine parameters (e.g., cortisol dysregula-
tion) [10,14]. While none have yet reached routine clinical
practice, these biomarkers hold promise for patient stratifi-
cation and treatment selection in the future.

Large-scale clinical trials highlight the persistence of
TRD despite sequential interventions. For instance, The
Sequenced Treatment Alternatives to Relieve Depression
(STAR*D) study reported that even after four consecutive
antidepressant trials, approximately 30% of patients failed
to achieve remission [15]. Furthermore, TRD is associated
with increased hospitalization rates and higher health-care
costs compared to non-resistant depression. In this context,
integrating biomarker-informed strategies and personalized
medicine approaches may enhance treatment precision and
improve patient outcomes [16].

TRD is increasingly recognized as a heterogeneous
clinical phenomenon, with some cases potentially repre-
senting manifestations within the broader bipolar spec-
trum. Several studies have identified subthreshold bipo-
lar features in patients diagnosed with TRD, including
early onset of depressive symptoms, recurrent episodes,
antidepressant-induced mood instability, atypical symptom
patterns, and a family history of bipolar disorder [17-20].
Nufiez et al. [21] reported marked clinical and sociode-
mographic differences between unipolar TRD and bipo-
lar depression, supporting the notion of diagnostic over-
lap. Moreover, patients with undiagnosed bipolar depres-
sion misclassified as TRD may be less responsive to stan-
dard antidepressant therapies and may benefit more from
mood stabilizers or atypical antipsychotics [20,22]. Misdi-
agnosis in such cases can delay appropriate treatment, re-
duce the likelihood of recovery, and increase the risk of ad-
verse events such as antidepressant-induced mania. There-
fore, consideration of bipolar spectrum features in TRD
is essential for accurate diagnosis and effective treatment
planning. This review incorporates the bipolar spectrum as
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a conceptual framework to understand the heterogeneity of
TRD rather than as a categorical reclassification.

Neurobiological evidence further implicates gluta-
matergic dysregulation, chronic neuroinflammation, and
structural brain changes are key determinants of TRD pro-
gression and treatment response [7]. Additionally, clini-
cal factors, such as early-onset depression, frequent mood
episodes, comorbid psychiatric disorders, and a history of
childhood trauma have been associated with a more persis-
tent and treatment-resistant course of depression [23,24].

Given the heterogeneity of TRD and its potential—
but not yet fully defined—overlap with bipolar spectrum
disorders, further research is needed to better understand
recovery mechanisms, identify predictive biomarkers, and
develop targeted therapeutic strategies. Several novel and
emerging interventions are under investigation for their po-
tential to address limitations of conventional antidepres-
sants. These include glutamatergic modulators (e.g., ke-
tamine hydrochloride (Ketalar®, Pfizer Inc., New York,
NY, USA) and esketamine nasal spray (Spravato®, Janssen
Pharmaceuticals, Titusville, NJ, USA)), psychedelic com-
pounds (e.g., psilocybin (COMPASS Pathways plc, Lon-
don, UK) and ayahuasca (Unido do Vegetal, Brasilia,
Brazil)), anti-inflammatory agents (e.g., celecoxib (Cele-
brex®, Pfizer Inc., New York, NY, USA) and infliximab
(Remicade®, Janssen Biotech Inc., Horsham, PA, USA)),
neurostimulation modalities (e.g., repetitive transcranial
magnetic stimulation, magnetic seizure therapy), and in-
tegrated multimodal approaches. Early evidence suggests
that some of these interventions may offer rapid onset of
action, novel mechanisms of effect, or sustained benefits
in specific TRD subgroups unresponsive to standard treat-
ments.

The present review synthesizes recent findings within
this integrative framework, aiming to highlight promis-
ing avenues for more personalized and effective treatment
strategies in TRD. While the primary focus is on TRD, we
also acknowledge the clinical relevance of bipolar spectrum
features in certain cases, supported by clinical, neurobio-
logical, and epidemiological evidence indicating consider-
able diagnostic and therapeutic overlap between these con-
ditions. This perspective has informed our interpretation of
subgroup findings likely to fall within the bipolar spectrum
and underscores the need for careful diagnostic assessment.
Ultimately, further research is required to refine diagnostic
boundaries, validate predictive biomarkers, and optimize
individualized treatment approaches.
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Methods

This review analyzed TRD by exploring treatment
strategies that extend beyond traditional unipolar depres-
sion approaches. A systematic literature search of PubMed
(National Library of Medicine, Bethesda, MD, USA) and
Scopus (Elsevier B.V., Amsterdam, The Netherlands) was
performed to identify relevant studies examining TRD, its
clinical and neurobiological characteristics, and its treat-
ment strategies within the broader mood disorder spec-
trum. This systematic review was conducted in accor-
dance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines and was
registered in the PROSPERO international register of sys-
tematic reviews (ID: CRD420251028607). A structured
search was performed in PubMed and Scopus, spanning
from 2015 to 2025. The search strategy included the com-
bination of Medical Subject Headings (MeSH) terms and
keywords: “treatment-resistant depression”, “bipolar dis-
order”, “depressive episode”, “mood disorder spectrum”,
“treatment response”, “antidepressant resistance”, “aug-
mentation therapy”, “mood stabilizers”, and “atypical an-
tipsychotics”. Boolean operators (AND/OR) were applied
to refine the search and retrieve the most relevant studies.
Filters were applied to exclude non-English publications,
preprints, studies without full-text availability, and non-
human studies. A detailed list of search terms and Boolean
operators used in this systematic review is provided in Sup-
plementary Table 1.

The inclusion criteria were: peer-reviewed studies fo-
cusing on TRD; studies investigating alternative treatment
strategies, such as mood stabilizers, atypical antipsychotics,
and augmentation therapies; studies assessing clinical, neu-
robiological, or functional recovery outcomes; and system-
atic reviews, meta-analyses, randomized controlled trials
(RCTs), and large observational studies.

The exclusion criteria were: studies exclusively ad-
dressing unipolar depression; case reports, opinion pieces,
and editorials; studies with inaccessible full text; studies
with insufficient details on treatment response and recovery
outcomes; studies lacking clear diagnostic criteria for TRD;
preprints, non-English studies, and abstract-only publica-
tions; pediatric studies and animal research; and studies
with unreliable data sharing or methodological quality con-
cerns.

A total of 21 studies were identified, which included
meta-analyses, systematic reviews, and RCTs. The selec-
tion process of studies is shown in the PRISMA flow dia-
gram (Fig. 1) and outlines the number of records identified,
screened, assessed for eligibility, and included in the final
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analysis, with all initial screening steps conducted by a sin-
gle reviewer. To minimize potential selection bias, prede-
fined eligibility criteria were rigorously applied throughout
the process. Additionally, approximately 10% of excluded
records (n =40) were randomly selected and independently
reassessed by a second reviewer to ensure consistency and
methodological rigor. Data extraction was also conducted
by a single reviewer using standardized forms. To enhance
data reliability, extracted information from approximately
20% of included studies (n = 5) was randomly selected and
independently cross-checked by a second reviewer.

After applying the inclusion and exclusion criteria, 21
studies were deemed suitable for final analysis and are sum-
marized in Table | (Ref. [25-45]). Additional details re-
garding the pharmacological, psychotherapeutic, and neu-
romodulatory interventions employed in these studies are
provided in Supplementary Table 2. Risk of bias was as-
sessed using design-specific tools: Cochrane Risk of Bias 2
(RoB 2.0) tool (version 2.0; Cochrane Collaboration, Lon-
don, UK) for randomized trials, ROBIS for systematic re-
views, and the NIH Quality Assessment tools for observa-
tional studies. The results are summarized in Supplemen-
tary Table 3. Due to the heterogeneity of study designs and
methodologies, a narrative synthesis approach was chosen
instead of a meta-analysis, which allowed for a structured
yet flexible interpretation of findings, focusing on alterna-
tive treatment strategies in TRD, TRD within the bipolar
spectrum, and predictors of treatment response and func-
tional recovery.

To ensure the integrity of this review and to avoid du-
plication, primary studies included in selected review ar-
ticles were carefully examined. Of the 21 studies, eight
were review articles. Only two studies (Daly ef al. [41] and
Fedgchin et al. [29]) overlapped with a review by Scott et
al. [26], which included 111 studies; however, both were
independently identified from our search and met the inclu-
sion criteria. There were no other duplications and since
this overlap constitutes only a small portion of the overall
dataset, it is unlikely to introduce bias or affect the validity
of our findings.

To assess the effect of various treatment strategies on
TRD, effect sizes (including standardized mean difference
[SMD], odds ratio [OR], and hazard ratio [HR]), 95% confi-
dence intervals (CI), and heterogeneity measures (1) were
extracted where reported. Due to the heterogeneity of study
designs and outcomes, a meta-analysis was not feasible,
therefore, a narrative synthesis was conducted.
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l Records excluded after title and abstract
screening (n=323)
Records screened « Focused only on unipolar depression
(n =634) * Poor methodological quality
g + Case reports, editorials, commentaries
l
c};’ Reports not retrieved
Reports sought for retrieval (n = 28)
(n=311) —> ) )
« Articles without full-text access
Full-text articles excluded, with reasons
A (n =262)
E Reports assessed for » Studies with unclear TRD definitions or
-'g, eligibility »| treatment response criteria
] (n = 283) - Studies not primarily focused on TRD
treatment strategies
« Studies involving only pediatric or
animal subjects
— . - « Studies with questionable data reliability
Studies included in review
(n=21)
s * Primary focus on TRD
= interventions
T=: « Study designs included
£ systematic reviews, meta-
analyses, randomized
controlled trials, or large-scale
observational studies

Fig. 1. PRISMA flow diagram illustrating the systematic review process. PRISMA, Preferred Reporting Items for Systematic

Reviews and Meta-Analyses.

Results

TRD poses a major challenge in clinical practice due
to its heterogeneous etiology and the poor response of
many patients to conventional antidepressants. Given its
complexity, a wide range of strategies have been inves-

tigated, including pharmacological augmentation, neuro-
modulatory techniques, psychotherapeutic approaches, as
well as novel and emerging agents. Conventional strate-
gies such as dose optimization or switching antidepressants
often prove insufficient in severe or chronic cases, necessi-
tating multimodal or targeted interventions. Table 1 summ-
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Table 1. Alternative and emerging treatment strategies for TRD.

Study Treatment approach Study type Findings Effect size 95% CI 12
Zengin et al. rTMS Randomized, Double-Blind, rTMS was effective and well-tolerated in TRBD, with significant reduc- 0.67-0.68 (Cohen’s d) NR NA
(2022) [25] Crossover Study tions in HAM-D and BDI scores.
Scottetal. (2023) Augmentation & Combi- Systematic Review & Meta- Augmentation strategies (e.g., CBT, ketamine, risperidone) showed CBT: 1.58 (SMD) 1.09-2.07 89%
[26] nation Therapy Analysis highest effect sizes; evidence remains inconsistent across treatments.
Ketamine: 1.48 (SMD) 1.23-1.73 74%
Risperidone: 1.42 (SMD) 1.29-1.61 72%
Palhano-FOntes ~ Ayahuasca (Psychedelic) Randomized, Placebo- Significant antidepressant effects of ayahuasca observed, with rapid on- 0.98 (SMD) 0.21-1.75 NA
etal. (2019) [27] Controlled Trial set and sustained response at day 7.
Zakhour et al. CBT Systematic Review CBT combined with pharmacotherapy reduced depressive symptoms; NA NR NA
(2020) [28] effect maintained for up to 12 months.
Fedgchin et al. Esketamine Nasal Spray Randomized, Double-Blind, Esketamine nasal spray showed rapid but inconsistent efficacy; safety 56 mg: —4. (Diff. of LS -7.67t0-0.49 NA
(2019) [29] Active-Controlled Study concerns included nausea and dissociation. means)
84 mg: 3.2 (Diff. of LS —6.88-0.45
means)
Cladder-Micus ez MBCT Randomized Controlled MBCT showed higher remission rates, improvements in mindfulness 0.35-0.45 (SMD) NR NA
al. (2018) [30] Trial skills and self-compassion, but non-significant reductions in depressive
symptoms.
ljaz et al. (2018) Psychological Therapies Systematic Review CBT and other psychological therapies improved remission rates and —0.40 (SMD) —0.65t0-0.14 37%
[31] (CBT, IPT, DBT) (Cochrane Review) reduced depressive symptoms when added to usual care, but long-term
benefits were less clear.
Lenze et al. Antidepressant Augmen- Randomized, Open-Label Augmentation with aripiprazole was more effective than switching to 0.37 (SMD) 0.07-0.67 NA
(2023) [32] tation vs Switching Trial bupropion in improving well-being in geriatric TRD; lithium and nor-
triptyline had similar effects.
Daly et al. (2019) Esketamine Nasal Spray Phase 3  Randomized, Esketamine nasal spray significantly delayed relapse compared to 0.49 (HR) 0.29-0.84 NA
[33] Double-Blind Study placebo, reducing relapse risk by 51-70%.
Nufiez et al. Augmentation Strategies Systematic Review & Net- Atypical antipsychotics, thyroid hormones, and dopamine-related Response: 1.18-1.90 1.03-3.11 9.8%
(2022) [34] work Meta-Analysis agents were the most effective augmentation strategies; acceptability (RR, range across agents)
was lower with certain agents (e.g., ziprasidone, mirtazapine).
Remission: 1.44-1.91 1.00-3.52 2.4%
(RR, range across agents)
Phillips et al. Single & Repeated Ke- Randomized, Double-Blind, Single ketamine infusion significantly reduced suicidal ideation, ef- 0.83 (SMD) NR NA
(2020) [35] tamine Infusions Crossover Study fects sustained for 7 days; repeated infusions led to cumulative suicidal
ideation reduction.
Mcmullen et al. Prolonging Ketamine’s Systematic Review & Meta- Repeated-dose IV ketamine showed prolonged antidepressant effects, NA NR NA

(2021) [36]

Efficacy

Analysis

but no other modality effectively extended its efficacy.
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Table 1. Continued.

Study Treatment approach  Study type Findings Effect size 95% CI 2
Papakostas et al. Aripiprazole, rTMS RCT rTMS augmentation was superior to switching antidepressants for rTMS: 4.17 (MD) NR NA
(2024) [37] vs. Venlafaxine XR TRD, while aripiprazole showed mixed results.

Aripiprazole: 1.72 (MD) NR NA
Rost et al. (2024) [38] Data-Driven TRD Ap- Observational, Data- TRD is a complex disorder with high psychiatric comorbidities (82.9%) NA NR NA

proach Driven Study and significant physical health problems (69.8%).
Ledesma-Corvi et al. Rapid Treatment for Review and Experi- Ketamine, psychedelics, and cannabinoids may provide rapid relief for NA NR NA
(2024) [39] Adolescents mental Studies adolescent TRD; clinical validation needed.
Strawn et al. (2020) TRD in Adolescents  Observational Study Adolescents with TRD had a median CGI-S score of 5, high comorbidi- NA NR NA
[40] with ATR ties, and prolonged illness duration; ATR stratified resistance levels.
Dalyetal. (2018)[41] Intranasal Esketamine Phase 2 Trial Rapid-onset antidepressant effects; significant MADRS score reduction;28 mg: —4.2 (MD) —7.67 to —0.79 NA
dose-dependent efficacy observed. 56 mg: —6.3 (MD) —9.71 to —2.88

84 mg: —9.0 (MD) —12.53 to —5.52
Jiang et al. (2021) MST Cochrane Review MST is a potential alternative to ECT with fewer cognitive side effects; 0.71 (MD) -2.23-3.65 7%
[42] limited high-quality evidence.
Glueetal. (2024)[43] Extended-Release Ke- Extended-Release Ke- Extended-release ketamine had sustained efficacy with lower relapse —6.1 (MD) 1.00-11.16 NA

tamine tamine Trial rates; well-tolerated.
Jha et al. (2024) [44] Ketamine vs. ECT ELEKT-D Trial Ketamine demonstrated non-inferiority to ECT for nonpsychotic TRD; NA NR NA
outpatients showed greater improvement with ketamine.

Oliveira-Maia et al. Real-World Outcomes Systematic Real- Real-world studies show heterogeneous outcomes; lack of standardized NA NR NA
(2024) [45] in TRD World Review assessment measures in TRD practice.

CI, Confidence interval; NA, Not applicable; NR, Not reported; SMD, Standardized mean difference; MD, Mean difference; HR, Hazard ratio; rTMS, repetitive transcranial magnetic stimulation; TRBD,
treatment-resistant bipolar depression; HAM-D, Hamilton Depression Rating Scale; CBT, cognitive-behavioral therapy; MBCT, mindfulness-based cognitive therapy; IPT, interpersonal psychotherapy;
DBT, dialectical behavior therapy; ATR, Antidepressant Treatment Record; MADRS, Montgomery—Asberg Depression Rating Scale; MST, magnetic seizure therapy; ECT, electroconvulsive therapy.
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Table 2. Overview of evidence-based and novel approaches in TRD treatment.

Treatment strategy Mechanism

Findings

Key studies

Ketamine & Esketamine NMDA antagonism
[29,33,35,36,41,43,44]

MST [42] Magnetic seizure induction

rTMS [25,37] Cortical stimulation

Psychedelics [27]
Addition of psychotherapy

Serotonin receptor modulation

to treatment as usual [28,
30,31]

Real-World
Outcomes [45]
Bipolar Spectrum Consid-
erations in TRD [21,32]

Treatment

Ketamine and esketamine demonstrate rapid antidepressant effects with significant MADRS
reduction; ketamine showed non-inferiority to ECT in some trials; esketamine is FDA-

approved for TRD but requires careful monitoring for dissociation and abuse potential.

MST offers a potential alternative to ECT with fewer cognitive impairments; efficacy needs
further validation.
rTMS demonstrated sustained antidepressant effects in TRD patients; effectiveness varied

based on stimulation parameters.

Ayahuasca showed rapid antidepressant effects; long-term efficacy still requires validation.
CBT, IPT, and DBT, when combined with usual treatment, improved remission rates and re-
duced depressive symptoms; long-term benefits remain unclear. MBCT has also demonstrated

effectiveness in reducing relapse rates and improving emotional regulation.

Real-world studies show heterogeneous TRD treatment outcomes; patient-centered metrics are
underdeveloped.
A subset of TRD patients may belong to the bipolar spectrum; mood stabilizers and atypical

antipsychotics may be preferable over antidepressants.

RCT on extended-release ketamine

Intranasal esketamine trials

Single & repeated ketamine infusions
Ketamine vs. ECT

Systematic review on ketamine efficacy
Cochrane Review on comparative trials with
ECT

rTMS comparative trials

rTMS efficacy in TRBD
Ayahuasca placebo-controlled trial

Cochrane Review on psychological therapies

Systematic review on CBT for TRD
MBCT trial for chronic TRD
Systematic real-world TRD study

Emerging evidence in mood disorder classi-

fication

NMDA, N-methyl-D-aspartate; MADRS, Montgomery—Asberg Depression Rating Scale; ECT, electroconvulsive therapy; RCT, randomized controlled trial; MST, magnetic seizure therapy; rTMS,

repetitive transcranial magnetic stimulation; CBT, cognitive-behavioral therapy; IPT, interpersonal psychotherapy; DBT, dialectical behavior therapy; MBCT, mindfulness-based cognitive therapy;

TRD, Treatment-resistant depression.
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arizes the effect sizes, confidence intervals, and heterogene-
ity measures for the emerging and recently studied inter-
ventions identified in our systematic search. Details are
provided in Supplementary Table 3. Most studies showed
low risk of bias; however, “some concerns” were noted in a
subset of RCTs, primarily due to limitations in blinding or
reporting.

Pharmacological Interventions

Ketamine hydrochloride (Ketalar®, Pfizer Inc., New
York, NY, USA) and esketamine nasal spray (Spravato®,
Janssen Pharmaceuticals, Titusville, NJ, USA) demon-
strated the most robust short-term efficacy among phar-
macological options, with rapid onset of action. These
agents represent an alternative treatment pathway for pa-
tients with TRD who remain unresponsive to conventional
pharmacotherapy, including those who have failed multiple
prior antidepressant trials. Augmentation strategies, par-
ticularly with atypical antipsychotics, also showed benefi-
cial effects on treatment response. Novel agents, particu-
larly psilocybin-a classic psychedelic, show potential as an
emerging treatment option for TRD; however, current evi-
dence is limited, and further studies are required to establish
its long-term safety and efficacy.

Neuromodulatory Interventions

Neuromodulatory strategies, including repetitive tran-
scranial magnetic stimulation (rTMS), and magnetic
seizure therapy (MST) have demonstrated efficacy in the
treatment of TRD. MST has emerged as a potential alter-
native to ECT, offering comparable antidepressant effects
with fewer cognitive risks in preliminary studies. rTMS
demonstrated sustained antidepressant effects, particularly
in chronic TRD. Maintenance protocols and combination
with pharmacotherapy appeared to prolong benefits.

Psychotherapeutic Interventions

Psychotherapeutic approaches, including cognitive
behavioral therapy (CBT) and mindfulness-based cogni-
tive therapy (MBCT), showed small-to-moderate benefits
when delivered adjunctive to usual care in TRD. Evidence
suggests CBT provides the strongest support for sustained
medium- to long-term benefits, while MBCT may improve
metacognitive and emotional regulation capacities.
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Considerations for Bipolar-Spectrum TRD

A subset of patients with TRD in included studies ex-
hibited clinical features suggestive of bipolar-spectrum ill-
ness, as reflected by treatment response patterns. In such
cases, mood stabilizers and atypical antipsychotics were
preferred over antidepressant monotherapy to reduce the
risk of mood switching.

Table 1 presents the effect sizes and statistical details
for the included studies, while Table 2 (Ref. [21,25,27—
33,35-37,41-45]) provides a structured grouping of these
interventions, enabling comparison across pharmacologi-
cal, neuromodulatory, and psychotherapeutic modalities.

Discussion

TRD is increasingly recognized as a clinically and bio-
logically heterogeneous condition comprising distinct sub-
groups with varying treatment needs [38,45]. While con-
ventionally defined as the non-response to at least two ad-
equate trials of antidepressants, resistance mechanisms are
diverse and involve neuroinflammation, HPA axis dysregu-
lation, glutamatergic abnormalities, genetic and epigenetic
factors, and structural and functional brain alterations. Neu-
roimaging studies have particularly implicated the dorso-
lateral prefrontal cortex, anterior cingulate cortex, and hip-
pocampus in TRD pathophysiology [10,46,47].

This heterogeneity has led to a growing emphasis on
mechanism-based treatment strategies. The studies pre-
sented in Tables 1,2 show that conventional pharmaco-
logical approaches often remain insufficient for many pa-
tients with TRD, highlighting the increasing relevance of
alternative and biologically-informed interventions. In re-
cent years, novel treatment options—including glutamater-
gic agents, psychedelics, and neuromodulation therapies—
have gained attention for their rapid and unique mecha-
nisms of action.

Among these, N-methyl-D-aspartate (NMDA)-
modulating agents such as ketamine and esketamine
have shown rapid antidepressant effects, particularly in
bipolar-spectrum TRD, where glutamatergic dysfunction
is implicated. Neuroimaging and spectroscopy studies
in bipolar depression report altered glutamate and N-
acetylaspartate levels in prefrontal and anterior cingulate
cortices, indicating excitotoxic stress and impaired neu-
roenergetics [48]. Additionally, functional connectivity
data suggest that ketamine responders exhibit rapid nor-
malization of disrupted networks such as the default mode
and salience networks following NMDA modulation [49],
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while trajectory models suggest a progression from early
glutamate excess to NMDA hypofunction in bipolar disor-
der, which helps explain the stabilizing effects of NMDA
antagonists [50]. Real-world data from the multicentric
REAL-ESK study further support this view, showing that
esketamine yields comparable antidepressant effects in
bipolar and unipolar TRD, without an increased risk of
manic switch [51]. While these agents show therapeutic
promise, their dissociative side effects and abuse potential
necessitate careful monitoring in clinical use [29,33,41].

In parallel, serotonergic psychedelics such as
ayahuasca have emerged as alternative glutamatergic
modulators. Acting primarily via 5-hydroxytryptamine
2A receptor (5-HT2A) receptor agonism, they are pro-
posed to indirectly facilitate glutamatergic activity via
thalamocortical and cortical pyramidal pathways, facili-
tating neural circuit reorganization and enhance synaptic
plasticity, although this mechanism remains under active
investigation. RCTs have demonstrated rapid and sustained
antidepressant effects, positioning them as promising can-
didates for TRD. However, concerns regarding long-term
safety currently restrict their use to controlled clinical
environments [27]. In structured therapeutic settings,
recent trials suggest an overall acceptable short-term safety
profile. For example, Palhano-Fontes et al. (2019) [27]
reported nausea and vomiting in 57% of ayahuasca-treated
patients, along with transient dizziness, paresthesia, and
thermoregulatory changes, without serious or persistent
psychiatric complications. Carhart-Harris et al. (2012)
[52], in a small open-label study of patients with TRD,
found psilocybin to be generally well tolerated. Reported
adverse reactions were transient anxiety during drug onset
(all patients), transient confusion or thought disorder, mild
and transient nausea, and transient headache. A systematic
review by Breeksema ef al. (2022) [53], encompassing
44 clinical studies involving serotonergic psychedelics
(including psilocybin and ayahuasca), confirmed that
most adverse events were mild, self-limiting, and did not
require medical intervention. Importantly, no cases of
persistent psychosis, mania, or hallucinogen persisting
perception disorder were reported. Nonetheless, the review
emphasized that long-term safety remains insufficiently
characterized due to limited follow-up and lack of stan-
dardized adverse event monitoring [53]. These findings
underscore the need for improved and systematic adverse
event tracking in future studies, particularly when applied
to vulnerable populations such as individuals with TRD.

Neuromodulation strategies provide additional op-
tions for TRD, particularly in pharmacotherapy-refractory
cases. ECT remains the most effective intervention for se-
vere TRD, and is especially beneficial in bipolar depres-
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sion, but its use is limited by cognitive adverse effects [54].
MST offers similar efficacy with fewer cognitive side ef-
fects [42]. rTMS also shows sustained efficacy, particu-
larly when individualized parameters are applied [25,37].
Both rTMS and MST exert their effects by modulating cor-
tical excitability through repeated electromagnetic pulses,
typically targeting the dorsolateral prefrontal cortex. These
interventions promote gradual reorganization of dysfunc-
tional fronto-limbic circuits via long-term potentiation-like
(LTP) mechanisms, resulting in slower but potentially more
durable improvements [25,42,55]. Vagus nerve stimula-
tion and deep brain stimulation (including closed-loop neu-
romodulation strategies) are emerging as promising neu-
romodulation strategies for advanced-stage TRD [56-58];
however, no studies involving these methods met our in-
clusion criteria.

Given the diversity of emerging interventions, it is
essential to understand their underlying neurobiological
mechanisms to guide more effective and individualized
treatment selection. Synthesizing these mechanistic path-
ways not only clarifies their therapeutic rationale but also
supports a precision-guided approach to care. NMDA-
modulating agents rapidly enhance synaptic plasticity via
glutamate surge, AMPA receptor activation, and down-
stream mTOR/BDNF signaling [59]. Psychedelics exert
similar effects via indirect modulation of glutamatergic
pathways and disruption of the DMN, promoting cogni-
tive flexibility and emotional relearning [52]. In contrast,
neuromodulation techniques gradually reorganize fronto-
limbic circuits through long-term potentiation-like mecha-
nisms [55,60]. Although direct comparisons between treat-
ment modalities were not within the scope of our review,
these neurobiological and temporal differences may help
contextualize the variability in clinical responses reported
across studies. These varied approaches, while neurobio-
logically distinct, converge on restoring plasticity and net-
work integration—core targets in TRD—and underscore
the need for biologically stratified treatment algorithms.

Psychotherapeutic interventions demonstrate moder-
ate efficacy in TRD, particularly when combined with phar-
macotherapy. In the Cochrane review by ljaz et al. (2018)
[31], six randomized controlled trials showed that psy-
chotherapy added to treatment-as-usual significantly im-
proved self-reported depressive symptoms (SMD = —0.40;
95% CI: —0.65 to —0.14). Adjunctive psychotherapy also
improved short-term response (RR =1.80; 95% CI: 1.20—
2.69) and remission (RR =1.92; 95% CI: 1.46-2.52) rates,
with dropout rates comparable to controls. Although trial
sizes were modest and at some risk of detection bias, evi-
dence from follow-up assessments suggests sustained ben-
efits over medium (12 months) and long-term (up to 46
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months) periods, especially with cognitive-behavioral ther-
apy (CBT) [31]. Mindfulness-Based Cognitive Therapy
(MBCT) has also shown promise as an adjunctive treat-
ment in chronic and TRD. In a multicenter RCT, Cladder-
Micus et al. (2018) [30] reported that MBCT added to
treatment-as-usual significantly increased remission rates
(x?(2) = 425, o = 0.22, p = 0.04) and led to improve-
ments in rumination (d = 0.39), quality of life (d = 0.42),
mindfulness skills (d = 0.73), and self-compassion (d =
0.64). While intent-to-treat analyses did not show signif-
icant symptom reductions in depressive symptom sever-
ity, per-protocol analyses revealed a significant effect (d =
0.45). These results suggest that MBCT’s principal ben-
efits may be mediated through enhancements in metacog-
nitive abilities and emotional regulation, with indirect ef-
fects on depressive symptoms. Follow-up data up to six
months indicate potential maintenance of these gains [30].
In a broader synthesis, Zakhour ef al. (2020) [28] reviewed
eight studies (four adult RCTs, two adolescent RCTs, one
open trial, and one case report) and concluded that CBT
combined with pharmacotherapy consistently reduced de-
pressive symptoms in TRD, particularly in cases of par-
tial antidepressant response. The review highlighted the in-
fluence of prior treatment history, chronicity of resistance,
and comorbidities such as anxiety or personality disorders
on therapeutic outcomes, though heterogeneity precluded
pooled effect estimates [28]. Overall, while psychother-
apies offer meaningful adjunctive benefits in TRD, their
standalone efficacy remains limited. The cumulative evi-
dence favors an integrated, multimodal approach, combin-
ing pharmacological, psychotherapeutic, and neuromodula-
tory interventions. Moving forward, tailoring psychother-
apeutic interventions to individual clinical characteristics,
illness course, and treatment history, potentially in combi-
nation with pharmacological and neuromodulatory strate-
gies, may enhance both symptom remission and long-term
functional recovery.

Despite advancements in biological and psychologi-
cal treatments, real-world outcomes remain highly variable.
While some patients with TRD show long-term improve-
ment, many continue to experience relapsing or chronic
episodes, with only partial or temporary response to treat-
ment [45]. This variability underscores the need for person-
alized, long-term treatment strategies that go beyond acute
symptom control. To guide clinical decision making, future
models of care should incorporate longitudinal monitoring,
functional recovery metrics, and patient-centred outcome
measures. Integration of clinical, biological, and psychoso-
cial data is key to achieving sustained remission and im-
proved quality of life.
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Among the heterogeneous TRD population, a particu-
larly important subgroup includes patients with features of
the bipolar spectrum. A growing body of evidence suggests
that a subset of patients diagnosed with TRD exhibit sub-
threshold or misdiagnosed bipolar traits, including early-
onset depression, frequent mood episodes, antidepressant-
induced instability, or a family history of bipolar disorder.
In these cases, conventional antidepressants may not only
be ineffective, but could potentially be harmful, leading to
treatment-emergent mania, mood destabilization, or rapid
cycling. For such individuals, mood stabilizers and atypi-
cal antipsychotics are generally preferred instead of antide-
pressant monotherapy [20,32,34].

Accurate diagnosis relies on careful longitudinal as-
sessment of clinical history, family psychiatric history, and
screening for mixed or hypomanic features. However, de-
spite increasing awareness of this overlap, routine screening
for bipolarity in patients with TRD remains inconsistent.
Structured interviews, bipolar spectrum questionnaires, and
ongoing mood tracking should be incorporated into clinical
practice to reduce misclassification and improve treatment
alignment. Reframing a portion of TRD within the bipolar
spectrum has major clinical implications. Recognizing this
overlap facilitates tailored interventions, reduces the risk of
inappropriate treatment, and promotes more durable out-
comes. This perspective is increasingly acknowledged in
recent clinical guidelines.

International clinical guidelines emphasize the impor-
tance of personalized, stepwise approaches in TRD man-
agement. The Canadian Network for Mood and Anxiety
Treatments (CANMAT 2023) and the UK National Insti-
tute for Health and Care Excellence (NICE 2022) provide
evidence-based recommendations. CANMAT supports
augmentation strategies (e.g., aripiprazole, brexipiprazole,
lithium, and T3) for partial responders, while NICE em-
phasizes systematic evaluation of resistance and caution
in antidepressant use among bipolar-spectrum cases. Both
guidelines recommend mood stabilizers (e.g., lithium and
lamotrigine) or second-generation antipsychotics for pa-
tients with inadequate response to antidepressants [1,61].

Based on the findings of this review, we empha-
size that patients with TRD should be systematically eval-
uated for bipolar-spectrum features, and that treatment
planning should prioritize mood stabilizers and antipsy-
chotics instead of antidepressant monotherapy when clin-
ically indicated. Nonetheless, it is important to interpret
these findings in light of certain methodological limita-
tions. The selected studies varied in design, patient popula-
tions, diagnostic criteria, and treatment approaches, mak-
ing direct comparisons difficult. Many studies focused
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on short-term outcomes rather than long-term remission,
limiting conclusions about sustained effects. Addition-
ally, inconsistent definitions of TRD across studies and
heterogeneous methodologies reduced comparability and
hindered synthesis. High heterogeneity (IZ2 >40%) ob-
served in some studies, along with inconsistent reporting
of effect sizes and confidence intervals, complicates the
interpretation of aggregated findings. Furthermore, the
exclusion of non-English and unpublished literature may
have introduced selection bias. Our search strategy, lim-
ited to PubMed and Scopus, and single-reviewer screening
also represent methodological constraints. Emerging treat-
ment modalities—e.g., psychedelics and pharmacogenetic-
guided therapy—are still supported by limited evidence and
require further validation. Some of the included studies
also suffered from small sample sizes or had industry fund-
ing, which may introduce bias. One included study has
post-publication comments on PubPeer; its inclusion was
maintained but interpreted cautiously. Despite these limita-
tions, this review provides a comprehensive and up-to-date
synthesis of current and emerging therapeutic strategies for
TRD, with particular attention to its potential overlap with
the bipolar spectrum.

A comprehensive treatment strategy for TRD should
address biological, psychological, and environmental di-
mensions. In addition to pharmacotherapy and neuro-
modulation, emerging strategies, such as psychedelics and
biomarker-based interventions, represent promising av-
enues. For optimal clinical outcomes, there is a clear need
to expand the implementation of personalized treatment
protocols and to conduct long-term efficacy studies. Future
research should focus on better characterization of TRD
subtypes, refinement of neurobiological biomarkers, and
evaluation of novel pharmacological agents. Large-scale
RCTs are also necessary to establish the effectiveness of
combination and sequential treatment approaches.

Building on this perspective, recent innovations are
enabling more targeted and better personalized treatment
approaches for TRD. Pharmacogenetic testing (e.g., cy-
tochrome P450 (CYP450), BDNF, and FKBP5 polymor-
phisms) [62—-65], neurobiological biomarkers (e.g., C-
reactive protein (CRP), interleukin-6 (IL-6), and and tu-
mor necrosis factor-alpha (TNF-«)) [47], and neuroimaging
tools (e.g., functional magnetic resonance imaging (fMRI)
and electroencephalography (EEG)) [66] are promising
for identifying TRD subtypes and predicting treatment re-
sponse. Future treatments could involve NMDA antago-
nists, AMPA receptor modulators, opioid receptor modula-
tors, anti-inflammatory agents, and psychedelics, which di-
verge from traditional monoaminergic mechanisms [16,67].
In parallel, artificial intelligence-based decision-support
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systems are expected to guide individualized treatment se-
lection more efficiently [68]. In particular, accurate diag-
nosis and stratification of patient subgroups is essential for
the effective implementation of these technologies. Early
identification of bipolar spectrum features in patients with
TRD is critical for guiding appropriate treatment decisions.
Emerging advances in pharmacogenetics and neuroimag-
ing hold promise for reducing misdiagnosis and supporting
more precise, individualized interventions.

Conclusion

This systematic review highlights that glutamatergic
agents—particularly ketamine and esketamine—are among
the most promising interventions for TRD, with emerging
evidence of rapid antidepressant effects, especially in indi-
viduals with bipolar-spectrum features. Neurostimulation
methods and multimodal strategies also show potential, al-
though the strength of evidence varies across subgroups.
These findings emphasize the importance of personalized
treatment planning based on diagnostic profile, stage of re-
sistance, and comorbidities.

Future research should focus on refining TRD sub-
types, validating neurobiological and pharmacogenetic
biomarkers, and testing precision medicine models through
large-scale clinical trials. The integration of artificial in-
telligence and biomarker-informed care has the potential to
enhance treatment matching and long-term outcomes. Ulti-
mately, a stratified and data-driven framework will be key
to improving the quality of life in individuals with TRD.

This systematic review was registered in the PROS-
PERO database (CRD420251028607). No amendments
were made to the study methodology following registration.
No formal protocol was published. The template forms, ex-
tracted data, and analytic materials used in this review are
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