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Abstract
Major Depressive Disorder (MDD) affects approximately 280 million people globally, with current treatments showing significant limitations including delayed onset of action, low remission rates, and troublesome side effects. This review examines esmethadone (REL-1017), a novel glutamatergic modulator functioning primarily as an N-methyl-D-aspartate (NMDA) receptor antagonist with minimal opioid receptor activity. Unlike conventional antidepressants, esmethadone demonstrates rapid onset of antidepressant effects within days rather than weeks. Clinical evidence from Phase 2 and 3 trials suggests promising efficacy as both monotherapy and adjunctive treatment, with significant reductions in depression severity compared to placebo. Esmethadone offers potential advantages over both traditional antidepressants (faster onset, different side effect profile) and other rapid-acting agents like ketamine (oral administration, minimal dissociative effects, no monitoring requirements). With a favorable tolerability profile and once-daily oral dosing, esmethadone may represent an important therapeutic advance for MDD patients, particularly those with inadequate response to conventional treatments. Regulatory submissions are anticipated in early 2025, with ongoing research addressing long-term efficacy, safety in special populations, and potential applications beyond MDD.	Comment by user: Where US FDA or EU – Specify 
Introduction
Major Depressive Disorder (MDD) affects approximately 280 million people globally and represents a leading cause of disability [1]. Despite numerous available pharmacological interventions, current treatments remain inadequate for many patients. Conventional antidepressants typically require 4-6 weeks for therapeutic efficacy, achieve remission in only 30-40% of patients, and frequently cause side effects leading to discontinuation [2,3]. Treatment-resistant depression (TRD), affecting approximately one-third of MDD patients, highlights the urgent need for novel therapeutic approaches [4].
Esmethadone (REL-1017, d-methadone) has emerged as a promising agent for MDD, functioning primarily as an N-methyl-D-aspartate (NMDA) receptor antagonist with minimal opioid receptor activity [5]. This unique pharmacological profile positions esmethadone within the field of glutamatergic modulators for depression, alongside ketamine and esketamine. Esmethadone was specifically developed by isolating the d-isomer of methadone to retain NMDA antagonism while reducing μ-opioid receptor activity [6].
Clinical development of esmethadone has generated interest due to several potential advantages: oral administration, rapid onset of antidepressant action, favorable safety profile, and once-daily dosing without intensive monitoring requirements [7]. This review examines the current state of knowledge regarding esmethadone for MDD treatment.
Background 
Contemporary first-line pharmacological interventions for MDD primarily consist of selective serotonin reuptake inhibitors (SSRIs), serotonin-norepinephrine reuptake inhibitors (SNRIs), and atypical antidepressants. These treatments exhibit significant limitations that compromise outcomes for many patients.
The delayed onset of action (4-6 weeks) presents substantial challenges for patients experiencing acute depressive episodes, particularly those with suicidal ideation [8]. This therapeutic lag results from gradual neuroplastic changes that occur downstream from the immediate pharmacological effects on monoamine reuptake.
Response and remission rates for conventional antidepressants remain suboptimal. Meta-analyses indicate response rates of approximately 50-60% and remission rates of only 30-40% [9]. These modest efficacy rates are further diminished in real-world settings due to adherence barriers and comorbidities.
Adverse effect profiles also significantly impact treatment adherence and quality of life. SSRIs commonly produce sexual dysfunction (40-70% of patients), gastrointestinal disturbances, and sleep disruption [10]. These side effects contribute to high discontinuation rates, with approximately 30% of patients abandoning treatment within the first month.
Most concerning is the substantial proportion of patients with TRD—approximately 30-35% of those with MDD fail to achieve remission despite multiple adequate trials of different antidepressant classes [4]. For these individuals, conventional augmentation strategies offer limited additional benefit while introducing new adverse effect risks.
The Glutamatergic System in Depression
The limitations of monoamine-based treatments have prompted a paradigm shift toward investigating the glutamatergic system—the primary excitatory neurotransmitter network in the central nervous system. Substantial evidence now implicates glutamatergic dysfunction in the pathophysiology of mood disorders [11,12].
Studies have revealed several glutamate-related abnormalities in depression, including altered glutamate/glutamine ratios in plasma and cerebrospinal fluid, disrupted expression and function of glutamate receptors, impaired glutamate clearance, and aberrant glutamatergic neurotransmission in key brain regions involved in mood regulation [13].
Neuroimaging studies utilizing magnetic resonance spectroscopy have demonstrated elevated glutamate levels in anterior cingulate cortex and reduced levels in prefrontal regions among individuals with MDD [14]. Post-mortem analyses have further revealed reduced expression of NMDA receptor subunits in prefrontal cortex samples from depressed subjects.
The glutamatergic hypothesis of depression posits that excessive glutamatergic activity or inappropriate receptor activation contributes to the neuronal atrophy, reduced neuroplasticity, and network dysfunction observed in depressive states [15]. This model aligns with the observed reductions in brain-derived neurotrophic factor (BDNF), dendritic spine density, and synaptic connectivity documented in depression.
Emergence of NMDA Receptor Antagonists as Rapid-Acting Antidepressants
The discovery that ketamine produces rapid (within hours) and robust antidepressant effects in treatment-resistant patients has revolutionized depression research [16]. This finding established proof-of-concept for glutamatergic modulation as a viable approach for developing rapid-acting antidepressants.
The proposed mechanism through which NMDA receptor antagonism produces antidepressant effects involves a paradoxical enhancement of glutamatergic signaling. By preferentially blocking NMDA receptors on inhibitory GABAergic interneurons, ketamine and similar compounds disinhibit glutamate release, thereby increasing activation of α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors on postsynaptic neurons [17]. This AMPA receptor stimulation initiates a cascade of molecular events leading to rapid synaptogenesis and neuroplasticity in key brain circuits.
These neuroplastic changes occur within hours rather than weeks, explaining the rapid onset of antidepressant effects observed with NMDA antagonists compared to traditional agents [18]. This mechanistic understanding has catalyzed a new wave of drug development targeting the glutamatergic system, including the FDA approval of esketamine nasal spray for TRD in 2019.
Despite their promise, first-generation NMDA antagonists like ketamine face substantial limitations including dissociative effects, potential for abuse, and required healthcare supervision during administration [19]. These drawbacks have stimulated the search for alternative NMDA receptor modulators with improved profiles—leading to the development of compounds like esmethadone.
Positioning of Esmethadone within the Therapeutic Landscape
Esmethadone represents a strategic pharmacological refinement in the field of glutamatergic modulators for depression. Several characteristics position esmethadone as potentially advantageous within the therapeutic landscape. Unlike esketamine which requires intranasal administration under healthcare supervision, esmethadone's oral formulation offers greater convenience and potential for outpatient use [20]. Preliminary clinical data suggest that esmethadone produces minimal psychotomimetic or dissociative effects compared to ketamine, potentially improving tolerability and eliminating the need for extended monitoring [21]. The substantially reduced μ-opioid receptor affinity of esmethadone compared to racemic methadone suggests a favorable abuse liability profile [22]. Additionally, pharmacokinetic data support a once-daily dosing regimen, potentially enhancing treatment adherence. Early clinical trials demonstrate antidepressant effects beginning within 2-7 days, considerably faster than conventional antidepressants though not as immediate as ketamine's Esmethadone occupies a potentially important middle ground between conventional antidepressants (convenient but slow-acting) and ketamine/esketamine (fast-acting but requiring specialized administration). This positioning could make esmethadone particularly valuable for patients with moderate-to-severe depression who require accelerated response but do not necessarily need the immediate effects of ketamine.
Pharmacology of Esmethadone
Esmethadone represents the dextrorotatory (d- or R-) enantiomer of methadone. The crucial pharmacological distinction between the d- and l-isomers lies in their differential binding affinities for various receptor systems. The l-isomer exhibits approximately 10-fold greater affinity for μ-opioid receptors compared to the d-isomer, accounting for most of racemic methadone's analgesic and addictive properties [24].
Esmethadone's primary pharmacological mechanism involves non-competitive antagonism of NMDA receptors, specifically binding to the receptor's phencyclidine (PCP) site within the ion channel pore [25]. When bound, esmethadone prevents calcium influx through the channel, thereby modulating glutamatergic neurotransmission.
Electrophysiological studies indicate that esmethadone preferentially blocks NMDA receptors containing GluN2D subunits, which are predominantly expressed on GABAergic interneurons [26]. This subunit selectivity may explain esmethadone's ability to produce antidepressant effects without substantial psychotomimetic symptoms, as the latter are associated more strongly with antagonism of GluN2A and GluN2B subunits expressed on pyramidal neurons.
The NMDA receptor antagonism of esmethadone initiates a molecular cascade similar to that described for ketamine, leading to enhanced AMPA receptor activation, increased BDNF release, activation of the mTOR signaling pathway, and promotion of synaptogenesis in key limbic regions [27].
Importantly, esmethadone exhibits significantly reduced affinity for μ-opioid receptors compared to l-methadone, with binding studies demonstrating approximately 30-fold lower affinity [28]. At therapeutic doses (25-50 mg daily), the estimated receptor occupancy for μ-opioid receptors is below the threshold required for significant physiological effects. This pharmacological profile explains the lack of opioid-like effects observed in clinical studies of esmethadone.
Pharmacokinetics
Following oral administration, esmethadone demonstrates rapid absorption with good bioavailability (approximately 85%). Peak plasma concentrations are typically achieved within 2-3 hours post-dose [29]. Esmethadone is moderately protein-bound (60-70%) and exhibits extensive tissue distribution, readily crossing the blood-brain barrier.
Esmethadone undergoes hepatic metabolism primarily via the cytochrome P450 system, with CYP3A4, CYP2B6, and CYP2C19 serving as the principal metabolizing enzymes [30]. The primary metabolite, 2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine (EDDP), results from sequential N-demethylation and cyclization.
Esmethadone exhibits a terminal half-life of approximately 22-36 hours, supporting once-daily dosing regimens. Steady-state plasma concentrations are achieved after approximately 5-7 days of once-daily dosing. Dose-proportional pharmacokinetics are observed across the therapeutic dose range (25-75 mg daily).
Important drug interactions include increased esmethadone exposure with CYP3A4 inhibitors and reduced exposure with CYP3A4 inducers. Dose adjustments may be required in patients with moderate to severe hepatic impairment and in elderly patients due to reduced clearance.
Clinical Evidence
Phase 1 and 2 Studies
The clinical development of esmethadone began with Phase 1 studies establishing safety, tolerability, and preliminary pharmacokinetics in healthy volunteers. These studies demonstrated that esmethadone was well-tolerated up to 75 mg once daily, with no clinically significant dissociative symptoms at any dose level, differentiating it from ketamine and esketamine[31].
Human abuse potential studies characterized esmethadone's abuse liability compared to positive controls (ketamine and oxycodone) in recreational drug users. Results indicated that therapeutic doses of esmethadone (25-75 mg) produced significantly lower scores on abuse-related measures compared to both positive controls [32].
Cardiac safety assessment demonstrated minimal effect on cardiac repolarization at therapeutic doses, unlike racemic methadone which is associated with QTc prolongation. Drug-drug interaction studies identified key interactions with CYP3A4 inhibitors and inducers, with minimal interactions with commonly co-prescribed antidepressants.
The Phase 2 program comprised two key trials that provided initial evidence of efficacy in MDD. REL-1017-201 (SAPHIRE) evaluated esmethadone (25 mg, 50 mg) versus placebo once daily for 7 days as adjunctive therapy in patients with inadequate response to 1-3 antidepressant treatments [33]. Results demonstrated statistically significant superiority of both doses compared to placebo, with mean MADRS reductions of 9.5 points (25 mg), 12.9 points (50 mg), compared to 3.8 points (placebo), yielding effect sizes of 0.9 (25 mg) and 1.4 (50 mg). Response rates (≥50% reduction in MADRS) were 35% (25 mg), 53% (50 mg), and 16% (placebo), with significant separation from placebo observed as early as day 4 for the 50 mg dose. REL-1017-202 expanded these findings by evaluating longer treatment duration (14 days) and including assessments of durability of effect [34]. This trial confirmed the earlier findings with statistically significant differences in MADRS reduction for both doses compared to placebo at day 14, and durability of effect observed through a 2-week follow-up period despite treatment discontinuation. These Phase 2 trials provided compelling preliminary evidence of esmethadone's antidepressant efficacy with rapid onset of action, favorable tolerability, and minimal risk of dissociative effects or withdrawal symptoms.
Phase 3 Clinical Trials: The RELIANCE Program
The Phase 3 program for esmethadone, designated RELIANCE, consists of three pivotal trials and an open-label extension study. RELIANCE-I evaluated esmethadone as adjunctive therapy in patients with MDD who had inadequate response to standard antidepressants [35]. Results demonstrated statistically significant improvement for the 50 mg dose compared to placebo, with least squares mean difference vs. placebo of -3.9 points (p=0.002), response rates (≥50% reduction in MADRS) of 43% vs. 28% for placebo, and remission rates (MADRS ≤10) of 27% vs. 16% for placebo. Significant improvement was observed as early as day 7. RELIANCE-II focused on esmethadone as monotherapy and demonstrated statistically significant improvement in MADRS total score for both doses compared to placebo at day 28, with onset of significant improvement by day 4 for the 50 mg dose [36]. RELIANCE-III, still ongoing as of October 2024, is evaluating esmethadone specifically in patients with TRD, with a longer treatment duration (8 weeks) to assess sustained efficacy in this difficult-to-treat population. The RELIANCE-OLE (open-label extension) study is providing long-term safety and efficacy data. Preliminary results suggest maintained or further improved antidepressant effects without evidence of tolerance development or emergence of new safety concerns. Across the RELIANCE program, the most common adverse events include nausea (10-15%), headache (8-12%), dizziness (6-9%), and insomnia (5-8%) [37]. Discontinuation rates due to adverse events have been low (3-5%) and comparable to placebo. Importantly, no clinically significant dissociative or psychotomimetic effects have been observed, differentiating esmethadone from ketamine and esketamine.
Comparative Analysis
Esmethadone offers several potential advantages over both traditional antidepressants and other rapid-acting agents. Compared to conventional antidepressants (SSRIs/SNRIs), esmethadone provides more rapid onset of action (days vs. weeks) [38], potentially higher response rates in preliminary studies, a different side effect profile (less sexual dysfunction, weight gain), and a novel mechanism potentially beneficial for treatment-resistant patients. In contrast to ketamine and esketamine, esmethadone features oral administration (vs. IV or intranasal), minimal dissociative effects, lower abuse potential, no requirement for in-clinic administration and monitoring, and a potentially more sustainable daily dosing regimen. When compared to other experimental glutamatergic agents, esmethadone is more advanced in clinical development, has an established dosing and safety profile, and well-characterized pharmacokinetics supporting once-daily administration. The positioning of esmethadone between conventional antidepressants and ketamine-based treatments fills an important therapeutic gap. For patients requiring more rapid response than traditional antidepressants provide but unable or unwilling to undergo ketamine or esketamine treatment, esmethadone may represent a valuable option.
Regulatory Status and Future Directions
Esmethadone is not yet approved by regulatory agencies for the treatment of MDD. Based on the Phase 3 RELIANCE program results, the manufacturer has indicated plans to submit a New Drug Application to the FDA in early 2025 [39]. The FDA previously granted Fast Track designation to esmethadone for MDD treatment, recognizing its potential to address an unmet medical need. This designation may expedite the review process.
Ongoing and planned studies include:
1. Completion of the RELIANCE-III trial in treatment-resistant depression
2. Long-term safety studies to support chronic administration
3. Studies in special populations (elderly, adolescents)
4. Investigations into potential applications beyond MDD (bipolar depression, post-traumatic stress disorder)
5. Head-to-head comparisons with established treatments
Conclusion
Esmethadone represents a promising novel antidepressant with a unique pharmacological profile as an NMDA receptor antagonist with minimal opioid activity. Its development addresses key limitations of both conventional antidepressants (delayed onset) and other rapid-acting agents like ketamine (administration challenges, dissociative effects).
The available clinical evidence supports esmethadone's antidepressant efficacy with onset of action within days rather than weeks, favorable tolerability profile, and minimal dissociative or abuse-related effects. The oral formulation and once-daily dosing offer practical advantages for clinical use.
If approved, esmethadone would represent an important addition to the therapeutic armamentarium for MDD, potentially benefiting patients who require more rapid symptom relief than conventional treatments provide or who cannot access or tolerate ketamine-based approaches. As the Phase 3 program completes and regulatory review processes unfold, the clinical utility and positioning of esmethadone within depression treatment algorithms will become clearer.
Further research addressing the identified knowledge gaps will help optimize esmethadone's use and maximize its potential benefit for patients with this disabling psychiatric condition.
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