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Abstract 
Background: Antidepressant tolerance/ 
tachyphylaxis (AT) is defined as initial 
response (≥ 50% improvement) to 
antidepressant treatment followed by 
relapse while on the same adequate 
dose. The impact of AT as prognostic 
indicator for response to subsequent 
antidepressant treatment is unknown. 

Objective: To test the efficacy of 
esmethadone (REL-1017) in a subgroup 
of patients with major depressive disorder 
(MDD) and AT. 

Methods: A phase 3, double-blind, 
randomized, placebo-controlled trial of 
esmethadone was conducted in adult 
outpatients with MDD. Prior to 
randomization, AT was independently 

assessed by clinicians from the 
Massachusetts General Hospital Clinical 
Trials Network and Institute using the 
MGH Antidepressant Treatment 
Response Questionnaire. Data for the 
primary efficacy end point were analyzed 
using mean difference in Montgomery- 
Åsberg Depression Rating Scale 
(MADRS) total score from baseline to 
primary end point (Day 28) in the AT 
subgroup from the intent to treat (ITT) 
population, the per-protocol (PP) 
population, and in patients with severe 
depression (baseline MADRS ≥35). 

Results: Among 227 ITT patients, 
87 experienced AT. For this subgroup, 
there was a nominally statistically 
significant mean difference of 5.4 
(P = .023, Cohen effect size 0.53) for 

esmethadone vs placebo in MADRS 
total score change from baseline to 
primary end point (Day 28). Additionally, 
there was a nominally statistically 
significant difference in response rate 
(P = .0004). Consistent results were seen 
in the PP population with AT and in the 
severely depressed subgroup of 
patients with AT. 

Conclusions: These post hoc analyses, 
based on data collected independently 
pre-randomization, suggest that 
esmethadone may be an effective 
adjunctive treatment for patients with AT. 
These results need to be confirmed in 
larger prospective clinical trials. 

J Clin Psychiatry 2025;86(4):24m15748 

Author affiliations are listed at the end of this article. 

M ajor depressive disorder (MDD) is a recurrent 
episodic disorder, where each major depressive 
episode (MDE) increases the probability of 

developing a new episode.1 Even after the recent 
introduction of N-methyl-D-aspartate receptor (NMDAR) 
antagonist antidepressants, monoaminergic drugs 
remain the most commonly prescribed antidepressants. 
However, it is estimated that more than 50% of patients 
with MDD may develop a tolerance to monoaminergic 
drugs.2,3 Antidepressant tolerance, also known as 
antidepressant tachyphylaxis (AT), is defined as an 
initial response to an adequate dose of a standard 

antidepressant (≥50% improvement), with subsequent 
loss of efficacy while on the same adequate dose.4,5 

While the mechanism of AT is unclear and may not 
be the same among different patients, it is hypothesized 
that central nervous system synaptic receptor adaptation 
in response to serotonergic therapy may reverse the 
initial antidepressant effects.6,7 Some studies have 
suggested that the risk of AT may vary depending on the 
class of antidepressant drug used.8–10 In particular, 
selective serotonin reuptake inhibitors (SSRIs) have been 
associated with higher incidence of AT.8–11 Nonselective 
monoamine reuptake inhibitors, such as venlafaxine and 
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tricyclic antidepressants (TCAs), targeting more than 
one neurotransmitter system, may be less likely to cause 
AT, and some studies have shown lower rates of AT in 
venlafaxine and TCA trials.8,10,11 Potential mechanisms 
underlying AT, among others,12 may also include 
unspecified genetic predisposition.13,14 Moreover, having 
a greater genetic predisposition toward MDD is also 
associated with increased risk of depression 
recurrence.15 

Regardless of the underlying mechanism,4,6,7,12 AT 
represents a significant problem for patients suffering 
from MDD because their poor response to subsequent 
antidepressant drugs leaves them with limited treatment 
options. Even though some clinical trials have shown the 
efficacy of a dose increase as a treatment of AT,4,16,17 most 
MDD clinical trials fail to address AT in reporting 
outcomes, making it impossible to evaluate the impact 
of AT on treatment effect. There is limited research 
about specific treatment strategies for patients with AT. 
The treatment options are those employed for patients 
who relapse and for patients with TRD and include dose 
increase, switch to a different drug, and augmentation 
with an adjunctive drug.4,16,17 

Therefore, the development of novel treatments for 
MDD patients experiencing AT remains an unmet medical 
need. The path forward for MDD research might 
incorporate AT as an adequately powered prespecified 
study outcome. 

The efficacy of uncompetitive NMDAR antagonists 
for the treatment of MDD was confirmed by the US Food 
and Drug Administration (FDA) approval of esketamine 
for treatment-resistant depression and for MDD with 
suicidal ideation. Esketamine was followed by a second 
NMDAR antagonist antidepressant, the combination of 
bupropion-dextromethorphan, which is FDA approved 
for MDD. Esmethadone (REL-1017) is a well-tolerated 
oral, once daily, NMDAR antagonist antidepressant 
candidate, free from metabolic, sexual, and neurological 
side effects18–25 with potential advantages over currently 
approved adjunctive antidepressant drugs.26–28 In the 
current study, we performed post hoc exploratory 

analyses to explore the efficacy of esmethadone as an 
adjunctive treatment in patients with MDD and AT. 
These analyses utilized data from a phase 3 randomized 
clinical trial of esmethadone as an adjunctive treatment 
in patients with MDD.22 The parent study upon which 
the current paper is based did not reach statistical 
significance in its primary outcome. However, near 
nominally statistically significant results were seen in the 
prespecified per-protocol (PP) supportive analysis 
(P= .051), in the key secondary end point of response rate 
(P= .044), and in the exploratory post hoc analysis of the 
severely depressed (baseline Montgomery-Åsberg 
Depression Rating Scale [MADRS] ≥35) subgroup 
(P = .006).22 It is within this context that the present post 
hoc exploratory study was undertaken as a hypothesis- 
generating, rather than hypothesis-testing, endeavor. 

METHODS 

Study procedures and inclusion and exclusion 
criteria are detailed by Fava and colleagues.22 The trial 
is registered at ClinicalTrials.gov (NCT04688164). 
This multicenter trial was conducted in the United 
States in accordance with the International Council on 
Harmonization guidelines for Good Clinical Practice, 
the principles of the Declaration of Helsinki, and all 
regulatory requirements. The study protocol was 
reviewed and approved by an institutional review 
board, and written informed consent was obtained 
from all participants after receiving a complete 
description of the study and prior to any study 
procedure. This phase 3, double-blind, randomized, 
placebo-controlled trial of oral once-daily 
esmethadone administered as adjunctive treatment to 
the current antidepressant was conducted in adult 
outpatients with MDD and inadequate response to 1 to 
3 antidepressants in the current MDE. Patients were 
18 to 65 years old and randomly assigned to receive 
esmethadone (75 mg loading dose on Day 1 and then 
25 mg/day thereafter) or placebo for 28 days. During 
screening and prior to randomization, the occurrence 
of AT was independently assessed by clinicians from 
the Massachusetts General Hospital Clinical Trials 
Network and Institute (MGH CTNI) using the MGH 
Antidepressant Treatment Response Questionnaire 
(ATRQ).29 The MGH-ATRQ is used to determine the 
adequacy (dose and duration) of antidepressant 
treatment, the presence of tachyphylaxis, and the 
presence of treatment resistance in patients with 
MDD. The MGH-ATRQ defines 6 weeks of 
antidepressant therapy as a trial of adequate 
duration.30 The ATRQ provides specific criteria for 
adequate dosage for the most commonly used 
antidepressants.30 AT was defined as an initial 
response to an antidepressant (≥50% improvement), 

Clinical Points 
• More than 50% of patients with major depressive disorder 

(MDD) do not respond to standard antidepressants. 
Antidepressant tachyphylaxis (AT) may be pivotal to the 
observed high rates of antidepressant treatment failure. 
More outcome data on the subgroup of MDD patients with 
AT are needed. 

• Esmethadone may be a potentially safe and effective 
adjunctive treatment for patients with MDD and AT. Larger 
studies, adequately powered for prespecified efficacy 
outcomes in the subgroup of patients with AT, are needed 
to confirm the efficacy of esmethadone as adjunctive 
treatment in patients with AT. 
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with subsequent loss of efficacy while on the same 
adequate dose.5,30 Patients were classified as having AT 
if they had previously responded to an antidepressant 
and subsequently experienced a loss of response 
based on patient self-report and clinician verification, 
including medical history and treatment records 
documenting prior efficacy and subsequent loss of 
therapeutic response. Loss of response was confirmed 
at the CTNI interview if the Hamilton Depression 
Rating Scale score was ≥17. Study eligibility was 
confirmed if baseline MADRS was ≥24. The intent to 
treat (ITT) population comprises all randomized 
patients. The PP population, prespecified predatabase 
lock as the population for supportive efficacy analyses, 
comprises patients completing the protocol without 
major protocol deviations impacting efficacy 
assessments. The subgroup of patients with severe 
depression was defined post hoc by baseline MADRS 
score ≥35. 

We repeated the analyses detailed by Fava and 
colleagues22 in the subgroup of patients who 
experienced AT. Matching the analyses by Fava and 
colleagues,22 data were analyzed by using mean 
difference (MD) in MADRS total score change from 
baseline (CFB) to primary end point (Day 28) and by 
using a mixed model of repeated measures (MMRM). 
For MD analyses, only patients with no missing values 
at baseline and at Day 28 were included; for MMRM 
analyses, all patients were included. Analyses of 
patients with AT, including the determinations of 
remission and response rates, were performed in 
the ITT population and in the PP population. 
Additionally, based on the results from the study by 
Fava and colleagues,22 which showed efficacy of 
esmethadone in post hoc analyses of severely 
depressed patients (baseline MADRS ≥35), we also 
analyzed the subgroup of patients with AT and severe 
depression. 

RESULTS 

ITT study population characteristics are detailed 
by Fava and colleagues.22 Within the ITT population, 
87 patients experienced AT. Among the 87 AT patients, 
77 were included in the MD AT-ITT analysis (8 placebo 
subjects and 2 subjects treated with esmethadone had 
missing values at Day 28). Characteristics for the AT 
subgroup are shown in Table 1. For the primary end 
point (Day 28) in the AT-ITT subgroup, mean (SD) CFB 
to Day 28 for the MADRS total score was 12.0 (SD 9.5) 
for placebo (n = 33) and 17.3 (10.5) for esmethadone 
(n = 44) with a MD of 5.4, which was nominally 
statistically significant (P = .023; Cohen effect size 
[ES] 0.53) (Table 2; Figure 1). Response rate at primary 
end point (Day 28) was 19.5% with placebo and 56.5% 

with esmethadone (MD: 37.0%, 95% CI, 18.2 to 55.8; 
P = .0004; odds ratio: 5.36, 95% CI, 1.87 to 16.20) 
(Figure 2). Remission rate at Day 28 was 12.2% with 
placebo and 28.3 % with esmethadone (MD: 16.1%, 95% 
CI, –0.4 to 32.5; P= .064; odds ratio: 2.84, 95% CI, 
0.82 to 11.17). In the AT-PP subgroup, 79 patients 
experienced AT, and 74 were included in the analysis 
(4 placebo subjects and 1 subject treated with 
esmethadone had missing values at Day 28). For the 
primary end point (Day 28) in the AT-PP subgroup, 
mean (SD) CFB for the MADRS total score at Day 
28 was 11.4 (9.0) for placebo (n = 32) and 17.5 (10.4) for 
esmethadone (n = 42), with a MD of 6.1, which was 
nominally statistically significant (P= .010; ES = 0.62) 
(Supplementary Figure 1). AT-PP response rate at 
primary end point (Day 28) was 19.4% with placebo and 
58.1% with esmethadone (MD: 38.7%, 95% CI, 19.1 to 
58.3; P= .0005; odds ratio: 5.75, 95% CI, 1.88 to 18.74). 
Remission rate at Day 28 was 11.1% with placebo and 
27.9 % with esmethadone (MD: 16.8%, 95% CI, –0.1 to 
33.7; P= .064; odds ratio: 3.10, 95% CI, 0.81 to 14.42). 
Results from MMRM analyses for AT subgroup from the 
ITT and PP populations for CFB to Day 28 are shown in 
Supplementary Table 1. 

In the subgroup of patients with severe depression 
(baseline MADRS ≥35), the MD (SD) CFB to Day 28 for 
the MADRS total score was 11.3 (9.7) for placebo 
(n = 20) and 20.1 (12.7) for esmethadone (n = 23), with 
an MD of 8.8, which was nominally statistically significant 
(P= .018: ES = 0.77). 

DISCUSSION 

Approximately 50%–60% of patients with MDD 
do not obtain adequate response following the first 
antidepressant treatment.2 These patients are left 
with few satisfactory therapeutic options, especially if 
they fall into the category of AT.3 Currently available 
adjunctive treatments for MDD unresponsive to 
first-line antidepressants have limited efficacy and 
are potentially associated with severe metabolic, 
neurological, and sexual side effects.26–28 In the 
current subgroup analyses, esmethadone meaningfully 
improved depressive symptoms at primary end point 
in patients experiencing antidepressant tachyphylaxis 
(AT). The favorable efficacy outcomes observed in the 
AT-ITT subgroup were supported by findings in the 
AT-PP subgroup and in the subgroup of patients with 
severe depression and AT. 

The efficacy of esmethadone in these subpopulations 
may be due to its NMDAR antagonist antidepressant 
mechanism of action.31 A complementary hypothesis 
is that esmethadone may reverse AT via its NMDAR 
antagonism with a mechanism similar to the reversal 
of opioid tolerance.32 In fact, esmethadone has been 
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found to enhance 5-HT–induced excitatory postsynaptic 
currents in experimental models of depressive-like 
behavior.33 Furthermore, SSRIs bind to TrkB 
neurotrophin receptors and facilitate the activity of 
brain-derived neurotrophic factor (BDNF) at this 
receptor; this effect may be independent of serotonergic 
effects and thus independent from the development of 
tolerance to these effects.34 Esmethadone has been shown 
to enhance neuroplasticity via a BDNF-dependent 
mechanism23 and has been found to increase BDNF in 
humans.35 Therefore, it is conceivable that esmethadone 
may work synergistically with SSRIs on increasing 
BDNF-mediated neural plasticity despite the presence 
of AT. 

Furthermore, the antidepressant effects of 
esmethadone were also noted in the subgroup of patients 
with AT and severe depression. Given that both severely 
depressed patients and AT patients typically experience 
less favorable treatment outcomes, these findings suggest 
that esmethadone may be particularly effective in 

patients at higher risk of poor response to subsequent 
treatments. 

Another possible explanation for the efficacy of 
esmethadone in patients with AT is that MDD history in 
these subgroups may have been better substantiated 
during the careful assessment performed by the 
independent group of specialized MGH CTNI clinicians 
with the use of the validated MGH ATRQ screening tool. 
The MGH ATRQ selection of AT patients may have 
selected patients with a better substantiated MDD 
diagnosis and screened out subjects less likely to show a 
treatment response to esmethadone, leading to a lower 
proportion of such patients in the AT subgroup. The 
inclusion of inappropriate study subjects is a potential 
cause of failed studies.36,37 

There is an unmet need for novel treatments for 
patients unresponsive to standard antidepressants who 
are at higher risk for subsequent treatment failure, such 
as patients with AT, especially if they remain with severe 
depression. 

Table 1. 
Demographic and Baseline MADRS Characteristics for AT-ITT 
Subgroup With No Missing Values at Baseline and at Day 28 

All patients (N = 77) Esmethadone (N = 44) Placebo (N = 33) 
Age, mean (SD), y 43.5 (14.3) 42.5 (14.0) 44.6 (14.8) 
Female, % 71 66 79 
MADRS baseline, mean (SD) 34.8 (5.0) 34.8 (5.0) 34.8 (4.60) 

Abbreviations: AT-ITT = antidepressant tachyphylaxis–intent to treat, MADRS = Montgomery-Asberg 
Depression Rating Scale. 

Table 2. 
Mean Difference (MD) Change From Baseline Analyses for 
Placebo and for Esmethadone (REL-1017) in the AT-ITT Subgroup 
and in the AT-PP Subgroup at Primary End Point (Day 28) 

Placebo Esmethadone 
Mean difference 

(esmethadone – placebo) 
Intent to treat N = 33 N = 44 
Value at Day 28, mean (SD) 12.0 (9.5) 17.3 (10.5) 5.4 (10.1 ) 
Median 12.0 18.0 
Interquartile range 12.0 15.0 
Min; max 31; 5 41; 3 
P value .023 
Effect size 0.53 
Per-protocol N = 32 N = 42 
Value at Day 28, mean (SD) 11.4 (9.0) 17.5 (10.4) 6.1 (9.8) 
Median 10.5 18.0 
Interquartile range 11.0 13.0 
Min; max 31; 5 41; 3 
P value .010 
Effect size 0.62 

Abbreviations: AT-ITT = antidepressant tachyphylaxis–intent to treat, AT-PP = antidepressant 
tachyphylaxis–per protocol. 
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While the assessment of AT was performed at 
screening prior to randomization by independent 
clinicians from MGH CTNI, the favorable results seen in 
these post hoc exploratory analyses carry the risk of Type 
1 statistical error due to multiple comparisons. These 
results need to be confirmed in future larger studies of 
esmethadone that are adequately powered for 

prespecified efficacy outcomes in the subgroup of patients 
with AT. 

CONCLUSION 

The impact of AT as a prognostic indicator for 
response to subsequent antidepressant treatment 
is unknown. Future studies might benefit from 
incorporating in their a priori design methodologies 
the possible utility of prior antidepressant tolerance/ 
tachyphylaxis as a potentially relevant outcome 
moderator. 
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Supplementary Figure 1. Mean difference (MD) change from baseline in MADRS total 
score over time for placebo and for esmethadone (REL-1017) in the subgroup analysis of AT-
PP. 
 

 



 
 

 
Supplementary Table 1. Mixed model for repeated measures (MMRM) analyses for placebo 
and for esmethadone (REL-1017) for AT-ITT subgroup and for AT-PP subgroup at primary 
endpoint (Day 28). 
 
 
 

 
 Placebo Esmethadone LS Mean Difference 

(esmethadone - 
placebo) 

Intent to Treat N=41 N=46  

Value at Day 28, Mean 
(SD) 

23.1 (11.0) 17.4 (9.6)  

LS Mean (SE) -13.27 (1.74) -17.33 (1.60) -4.06 (2.3) 

95% CI (-16.73, -9.82) (-20.51, -14.15) (-8.76, 0.64) 

p-value   0.0892 

Effect size   -0.38 

 Placebo Esmethadone LS Mean Difference 
(esmethadone – 

placebo) 

Per Protocol N=32 N=42  

Value at Day 28, Mean 
(SD) 

23.8 (10.5) 17.4 (9.7)  

LS Mean (SE) -11.80 (1.72) -17.44 (1.57) -5.64 (2.33) 

95% CI (-15.24, -8.37) (-20.57, -14.32) (-10.29, -1.00) 

p-value   0.0180 

Effect size   -0.56 
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