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Abstract

Objective: The relationship between the
duration of major depressive disorder
(MDD) and therapeutic response to
standard antidepressant treatment (SAT)
is unknown. N-methyl-p-aspartate
receptor uncompetitive antagonists

are emerging drugs for MDD. We
investigated whether the antidepressant
effect of esmethadone (REL-1017) could
be related to the duration of depression.

Methods: We analyzed data from a Phase
2a study of adjunctive treatment with
esmethadone in MDD patients (DSM-5)
with inadequate response to ongoing
SAT (May 2018—August 2019). Patients
were randomized to treatment with
esmethadone 25 mg, esmethadone

50 mg, or placebo for 7 days, followed

by an observation period (Days 7—14).

Duration of depression was derived from
2 measures: (1) time from onset (TFO),
calculated as the difference in years
between age at trial enrollment and age
at the onset of the first major depressive
episode (MDE), and (2) TFO index,
calculated by computing the years of
illness duration (number of years from
the beginning of MDD), divided by age
and multiplied by 100. First, bivariate
correlations between TFO and change
from baseline (CFB) were calculated by
Spearman p. Linear mixed-model
analyses were also conducted.

Results: A total of 62 patients participated
in the trial. The median values of time
from MDD onset for the 62 patients were
11 years (absolute value) and 22%
(percentage of life-years). Duration of
depression was significantly correlated
with Montgomery-Asberg Depression

Rating Scale (MADRS) CFB on Day 14,
even when controlling for the effect of
current depression severity (MADRS
baseline). In the linear mixed-model
analyses, we found a significant effect of
duration on reduction in MADRS score
from TO to subsequent assessments
(P<.05). Number of previous MDEs
and effect of esmethadone 50 mg
when compared to 25 mg were not
significant.

Conclusion: Esmethadone 25 and 50 mg
were more effective in reducing MADRS
scores in patients with shorter time from
first MDE onset.

Trial Registration: ClinicalTrials.gov
identifier: NCTO3051256.
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ajor depressive disorder (MDD) is a very

One possible approach for improving outcomes is to

prevalent illness associated with significant

disability, morbidity, and mortality.! MDD is
highly heterogeneous, including patients with variable
duration and clinical severity of depressive symptoms.
Available treatments for MDD, including serotonergic
antidepressants, yield modest response and
remission rates.? Only about 1 in 3 patients with
MDD experienced a remission of their depression
following treatment with the selective serotonin
reuptake inhibitor citalopram in the large, multicenter
Sequenced Treatment Alternatives to Relieve Depression
(STAR*D) trial.? Thus, an unmet medical need exists for
developing novel and more effective treatments for
patients with MDD.

identify subgroups of depressed patients more likely to
respond to a second treatment.* Few clinically relevant
tools have been developed for stratifying subgroups that
predict outcomes.® However, some clinical characteristics
may help predict treatment outcomes. First, there is an
inverse relationship between the duration of the major
depressive episode (MDE) and treatment outcome (either
response or remission).® Specifically, a shorter duration
of untreated disease—in terms of both first and recurrent
episodes—is a favorable prognostic factor associated with
both better treatment response and better long-term
prognosis.”'! Another clinical variable associated with
treatment outcome is time to antidepressant response.®
Early improvements in depressive symptoms during
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Clinical Points

- The relationship between the duration of major
depressive disorder (MDD) and therapeutic response to
antidepressant treatment has been poorly investigated.

- There is a need to research potentially prognostic clinical
characteristics that may predict treatment outcomes in
MDD and may help select patients that are more likely to
benefit from specific treatments.

treatment have been shown to predict better outcomes,
including remission with an increased likelihood of
symptomatic and functional recovery.’

There is limited knowledge of the relationship
between time from the onset of the first MDE and
antidepressant treatment response. Recently, the
predictive value of early onset or late onset of depression
on treatment outcome was investigated,'? and it was
found that treatment outcome did not differ between
patients with early or late depression onset. More severe
first MDE at a younger age may correlate with recurrence
and play a negative role in the long-term prognosis of
MDD.! It has been also suggested that the duration of
untreated MDD may be associated with hippocampus
volume loss and with lower rates of treatment
response.!*

In addition to the classic monoaminergic hypothesis
of depression, it has been hypothesized that molecular
mechanisms underlying MDD include y-aminobutyric
acid/glutamate dysfunction and astrocytic alteration as
well as inflammatory mechanisms.*-¥ N-methyl-p-
aspartate receptor (NMDAR) hyperactivity resulting
in impaired neural plasticity has been hypothesized
as a potential target for esmethadone and other
uncompetitive NMDAR antagonists.!”-* Synaptic
plasticity, regulated by NMDAR activity, plays a
crucial role in mood, learning, and cognitive function.
Coherently, uncompetitive NMDAR antagonists
are emerging as promising rapid antidepressants.

The rapid antidepressant effects of ketamine have
been replicated with esketamine,* which has been
approved for treatment-resistant depression. The
dextromethorphan-bupropion combination has shown
efficacy for MDD in Phase 2 and Phase 3 trials?'?? and
has been recently approved for the treatment of MDD.

Esmethadone (REL-1017) is a novel uncompetitive
NMDAR antagonist and rapid antidepressant
candidate.?*-* Esmethadone was effective in rodent
models of depressive-like behavior?*?” and may increase
serum brain-derived neurotrophic factor (BDNF) levels
in healthy humans.?® Preclinical studies suggest a
mechanism of action related to BDNF and mammalian
target of rapamycin 1 (mMTORC1)—dependent neural
plasticity.?® Phase 1 studies showed favorable tolerability
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and safety profiles,” which were confirmed in a Phase 2a
study where esmethadone showed rapid, robust, and
sustained therapeutic effects in patients with MDD and
inadequate response to ongoing standard antidepressant
treatment (SAT).*° In the current study, we analyzed the
effect of time from onset (TFO) of MDD on the
therapeutic response to esmethadone.

METHODS

This was a post hoc analysis from a double-blind,
placebo-controlled, 7-day, inpatient, 2-dose (25 and
50 mg), 3-arm, Phase 2a trial of esmethadone as
adjunctive treatment in patients with MDD conducted
between May 2018 and August 2019 (ClinicalTrials.gov
identifier: NCT03051256).2° The study was conducted in
inpatients at 10 centers in the United States from May
2018 to August 2019. Adult patients with a diagnosis of
MDD experiencing a current MDE with an inadequate
response to 1-3 courses of antidepressant treatment
were randomized in a 1:1:1 ratio to placebo (n=22),
esmethadone 25 mg (n=19), or esmethadone 50 mg
(n=21) in addition to ongoing SAT. Patients received
treatment with REL-1017 25 mg, REL-1017 50 mg, or
placebo for 7 days, followed by an observation period
(Days 7-14).

Age at onset of the first MDE and number of previous
MDEs were evaluated retrospectively through
psychiatric history. Data were systematically collected
with consistent criteria across patients. Duration of
depression was derived from 2 measures: (1) TFO,
defined as the number of years from the onset of MDD to
the enrollment in the clinical trial and calculated as the
difference between age at trial enrollment and age at the
onset of the first MDE, and (2) TFO index, defined as the
percentage of life-years spent from the onset of the first
MDE to the enrollment in the clinical trial and calculated
by computing the years of illness duration (number of
years from the beginning of MDD), divided by age and
multiplied by 100. Having no a priori assumption on
which measures better explain the effect of the duration
of depression on the therapeutic response to
esmethadone, we performed the following analyses using
alternatively 2 parameters (TFO and TFO index).

First, correlations between TFO or TFO index and
change from baseline (CFB) in the Montgomery-Asberg
Depression Rating Scale (MADRS) total score on Day
7 and Day 14 were performed for all patients (N =62),
separately for those who received esmethadone (N =40)
and for those who received placebo (N =22). To examine
correlations between TFO or TFO index and CFB in the
MADRS total score while controlling for current
depression severity (MADRS baseline), partial
correlation analyses were conducted. In addition,

2 linear mixed models—1 parameterized with TFO and
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Table 1.
Demographic and Clinical Characteristics
All patients Placebo Esmethadone 25 mg  Esmethadone 50 mg
Characteristic (n=62) (n=22) (n=19) (n=21) P value®
Age at first MDE, y
Median 375 36.5 44.0 30 .348 (2.110)
Minimum, maximum (interquartile distance) 12-62 (23) 12-61(28) 16-52 (19) 14-62 (22)
Time from onset, y
Median 11.0 1.5 8.0 16.0 405 (1.810)
Minimum, maximum (interquartile distance) 1-45 (19) 1-45 (22) 2-43 (8) 2-43(22)
Time from onset index, years in %
Median 22.1% 21.6% 16.4% 30.1% .364 (2.023)
Minimum, maximum (interquartile distance) 1.6%-76.0% (36.7)  1.6%—76.0% (52.7) 4.3%-72.9% (19.9) 6.1%-70.5% (37.6)
Current depression severity (baseline MADRS score)
Median 34 3338 329 352 299 (2.415)
Minimum, maximum (interquartile distance) 18-44 (6) 27-43 (5) 18-44(7) 26-43 (5)
Number of previous MDEs
Median 5 4 5 4 .817 (test 0.405)
Minimum, maximum (interquartile distance) 1-25(7) 1-25(10) 2-20 (5) 2-21(6)

*Kruskal-Wallis k or x? as appropriate.

Abbreviations: MDE = major depressive episode, MADRS = Montgomery-Asberg Depression Rating Scale.

1 parameterized with TFO index—were conducted to
further investigate the impact of duration on the
therapeutic response to esmethadone, while controlling
for potential confounding effects (number of previous
MDEs, time at assessments, and effect of esmethadone
50 mg when compared to 25 mg).

Statistical Analysis

Statistical analyses were performed using Microsoft
Office 365—Excel, GraphPad Prism ver. 9.0, and IBM
SPSS Statistics V26 software. The normality of
continuous variables was assessed using the Shapiro-
Wilk test. The normality of assumption was not met for
age of onset, TFO, TFO index, and number of previous
MDEs. Because of this, summary statistics were
presented as median, minimum and maximum values,
and interquartile distance. Differences between groups
were evaluated using the Kruskal-Wallis test. Bivariate
correlations were calculated by Spearman p. Two linear
mixed models were used to evaluate the effect of the
duration of depression (TFO or alternatively TFO index)
on the therapeutic response to esmethadone (MADRS
CFB), while controlling for potentially confounding
effects (number of previous MDEs, time at assessment,
and effect of esmethadone 25 mg vs 50 mg). These
analyses were performed only on subjects who received
esmethadone (n =40). Subsequently, the Akaike
information criterion (AIC) was utilized to determine
which model better fits the data. Model 1 included TFO
index, number of previous MDEs, time at assessment
(Day 7, Day 14, and baseline as the reference point), and
esmethadone dose (50 mg, compared to 25 mg, set as
reference) as fixed effects. A random effect for the subjects
in the intercept was also included. In Model 2, the analysis
was replicated using TFO instead of TFO index.
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Table 2.

Bivariate Correlations Between TFO (in Years)
and TFO Index (Years in %), CFB at Days 7 and 14,
and MADRS Baseline in All Patients, for Treated
Patients and Placebo?

Correlation with TFO
index, %

Correlation with TFO, y

Spearman p P Spearman p

All patients (n=62)

MADRS baseline -0.033 797 -0.041 749
CFB Day 7 0.044 737 0.077 55
CFB Day 14 0.210 127 0.194 16
Esmethadone (n=40)

MADRS baseline 0.133 414 0.108 .509
CFB Day 7 0.192 234 0.26 106
CFB Day 14 0.398 .02 0.399 .02
Placebo (n=22)

MADRS baseline -0.291 189 -0.231 .300
CFB Day 7 -0.123 .594 -0.148 523
CFB Day 14 -0.006 981 -0.098 .681

“Boldface indicates statistical significance.
Abbreviations: CFB = change from baseline, MADRS = Montgomery-Asberg
Depression Rating Scale, TFO = time from onset.

RESULTS

Patient Characteristics

A total of 62 adult male and female patients
(18-65 years of age) diagnosed with DSM-5—defined
MDD and a current MDE unresponsive to an adequate
course of standard antidepressants were enrolled and
randomized. The demographic and clinical characteristics
of the patients were previously reported.*® The estimated
median age at the onset of the first MDE was 37.5 years
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Table 3.
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Partial Correlation Between TFO (in Years) and CFB at Days 7 and
14 in Patient Receiving Esmethadone, Controlling for the Effect of

MADRS Baseline Score®

Correlation with TFO, y

Spearman p
Esmethadone (25 + 50 mg/d) (n = 40)
CFB Day 7 0.281
CFB Day 14 0.395

Boldface indicates statistical significance.

Correlation with TFO index, %

P value Spearman p P value
14 0.348 .047
.023 0.435 01

Abbreviations: CFB = change from baseline, MADRS = Montgomery-Asberg Depression Rating Scale, TFO =time

from onset.

Table 4.

Coefficients, SE of Coefficients, 95% CI, and P Value for Change From Baseline, Based on 2 Mixed

Models®
Coefficient

Model 1: Akaike information criterion = 760.95; intercept of random effect (subject) = 39.62

Standard error 95% Cl P
2.486 25.992 t0 35.990 <.001
1.699 -20.101t0 -13.320 <.001
1.795 -20.945 10 13.786 <.001
0.065 0.029 to 0.295 .018
0.297 -0.868 to 0.335 .375
2.190 -4.277 t0 4.619 .938

Intercept 30.991
Day 7 (T0 as reference) -16.71
Day 14 (T0 as reference) -17.366
TFO index (%) 0.162
Number of previous MDEs -0.267
Esmethadone 50 mg (25 mg as reference) 0.171
Model 2: Akaike information criterion =760.99; intercept of random effect (subject) = 35.49
Intercept 31.739
Day 7 (T0 as reference) -16.71
Day 14 (T0 as reference) -17.39
TFO, y 0.269
Number of previous MDEs -0.291
Esmethadone 50 mg (25 mg as reference) 0.456

2.485 26.74 t0 36.73 <.001
1.698 -20.098 to -13.322 <.001
1.795 -20.970 t0 13.812 <.001
0.125 0.015 t0 0.523 .038
0.323 -0.945 to 0.362 372
2.223 -4.059 to 4.969 .839

aModel 1included TFO index, time, esmethadone dose, and number of previous MDEs as fixed effects and individuals as random effect. Model 2 included TFO, time,
esmethadone dose, and number of previous MDEs as fixed effects and individuals as random effect. Subjects who received esmethadone (n =40) were included in the

analysis. The models were estimated through restricted maximum likelihood.
Abbreviations: MDE = major depressive episode, TFO = time from onset.

and was similar between the 3 groups (P =.348; k=2.110;
Table 1). For all patients, the median TFO was

11.0 years, and the median TFO index was 22%;

both medians were similar among the 3 groups (Table 1).
For all patients, the median number of previous

MDEs was 5 with no statistically significant

differences among the groups (P=.817; k=0.405;

Table 1).

TFO and TFO Index and Response to
Esmethadone vs Placebo

A significant correlation was found between TFO and
MADRS CFB at Day 14 (Spearman p =0.398; P =.02) in
treated patients (Table 2). A similar finding was detected
for TFO index and MADRS CFB at Day 14 (Spearman
p=0.399; P =.02; Table 2). The correlation between time
from MDD onset (both TFO and TFO index) and CFB
was not significant in the placebo group at any time
point (Table 2). We further investigated whether there
was an association between time from MDD onset (both
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TFO and TFO index) and current depression severity
(MADRS baseline) and found there was no statistically
significant correlation (Table 2). The correlation between
TFO and MADRS CFB at Day 14 remained significant
even when controlling for the effect of current depression
severity (r=0.395; P =.023) (Table 3). Similarly, TFO
index and MADRS CFB at Day 14 remained significant
even when controlling for the effect of current depression
severity (MADRS baseline) (Spearman p = 0.435;

P =.011; Table 3).

To determine which linear mixed model better fits the
data, AIC was employed to determine the model that best
captures data. The model incorporating TFO index
demonstrated a slightly superior fit compared to the
model with TFO (AIC model with TFO index
760.947 vs AIC model with TFO 760.987). Linear mixed
models revealed a significant effect of both TFO index
(B=0.162; P=.018) and TFO (B=0.269; P=.038) on
MADRS score reduction from TO to subsequent
assessments, indicating better improvement on MADRS
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in patients with shorter time from MDD onset. In these
analyses, number of previous MDEs and effect of REL
50 mg when compared to 25 mg were not significant
(P=.375 and P =.938, respectively). We included random
effect of subject (intercept = 39.62 for Model 1;

intercept = 35.49 for Model 2). Coefficients of the model
are shown in detail in Table 4.

DISCUSSION

Esmethadone is a novel, safe, and well-tolerated
NMDAR antagonist with activity in rodent models of
depressive-like behavior.?®?” Esmethadone may increase
BDNF serum levels in healthy subjects?® and showed
rapid, robust, and sustained therapeutic effects as
adjunctive treatment in patients with MDD.*° This
post hoc subanalysis suggests that 25 and 50 mg
esmethadone orally once daily may be more effective in
reducing MADRS scores as compared to placebo in
patients with a shorter duration from MDD onset as
compared to patients with a longer duration. Based on our
results, the reported TFO index parameter is 0.162. This
implies that, with all other effects in the model being
constant, for every 1%-point increase in the percentage of
life-years spent from the onset of depression, the
predicted MADRS score increases by 0.162 units in
patients who received esmethadone. In practical terms,
for every 6.2% (1/0.162) reduction in the TFO index, the
expected change in the MADRS score induced by
esmethadone is approximately 1 point. This differential
therapeutic effect related to the time of onset of MDD
has not been previously reported for monoaminergic
reuptake inhibitor drugs, including atypical
antidepressants, nor for ketamine.®! The results of this
study suggest that esmethadone may have better
antidepressant effect when administered earlier compared
to later in the course of MDD during a patient’s lifetime.
Therefore, a shorter duration of MDD may be considered
as potential predictor of better treatment response to
esmethadone. Given these considerations, esmethadone
might be considered a particularly promising
antidepressant treatment also for children and
adolescents with recent onset of MDD.

Phase 3 studies of esmethadone as adjunctive
treatment for MDD are underway (ClinicalTrials.gov
identifiers: NCT04688164; NCT04855747;
NCT06011577). If these preliminary findings are
confirmed in more extensive trials, esmethadone could
become a first-line adjunctive treatment for MDD. This
study has limitations. First, the study has a relatively
small sample size and a short duration. Patients with
ongoing antidepressant treatment received only a brief,
7-day, adjunctive treatment course with esmethadone,
and we have information about the improvement of
depressive episode only for 1 week after the
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discontinuation of the adjunctive treatment. Second, we
did not analyze the data with respect to the duration of
untreated illness.

Additional clinical studies in larger samples of
patients treated with a longer esmethadone treatment are
needed to confirm the current findings.
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