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Objective: Altered glutamatergic neurotransmission is im-
plicated in the pathogenesis of major depressive disorder.
AXS-05 (dextromethorphan-bupropion) is an oral NMDA
receptor antagonist and sigma-1 receptor agonist, which
utilizes inhibition of CYP2D6 to increase its bioavailability.
This phase 2 trial assessed the efficacy and safety of
dextromethorphan-bupropion in the treatment of major
depressive disorder.

Methods: This randomized, double-blind, multicenter,
parallel-group trial evaluated dextromethorphan-bupropion
versus the active comparator sustained-release bupropion in
patients 18–65 years oldwith a diagnosis ofmajor depressive
disorder of moderate or greater severity. Patients were
randomly assigned to receive either dextromethorphan-
bupropion (45 mg/105 mg tablet) or bupropion (105 mg
tablet), once daily for the first 3 days and twice daily thereafter,
for a total of 6 weeks. The primary endpoint was overall
treatment effect on Montgomery-Åsberg Depression Rating
Scale (MADRS) score (average of the change from baseline
for weeks 1–6), assessed in all randomized patients whose
diagnosis and severity were confirmed by an independent
assessor and who received at least one dose of study
medication and had at least one postbaseline assessment.

Results: Of 97 patients randomized, 17 did not have a
confirmed diagnosis and severity based on the inde-
pendent assessment, resulting in 80 patients in the effi-
cacy population (dextromethorphan-bupropion, N543;

bupropion, N537). The mean change from baseline in
MADRSscoreoverweeks1–6 (overall treatment effect)was
significantly greater with dextromethorphan-bupropion
than with bupropion (213.7 points vs.28.8 points; least-
squares mean difference524.9; 95% CI523.1, 26.8).
MADRS score change with dextromethorphan-bupropion
was significantly greater than with bupropion at week 2
and every time point thereafter (week 6: 217.3 vs. 212.1
points; least-squares mean difference525.2, 95% CI5
21.1, 29.3). Remission rates were significantly greater with
dextromethorphan-bupropion at week 2 and every time
point thereafter (week6:46.5%vs. 16.2%; least-squaresmean
difference530.3%, 95% CI511.2, 49.4). Response rates
($50% decrease in MADRS score from baseline) at week
6 were 60.5% with dextromethorphan-bupropion and
40.5% with bupropion (least-squares mean difference5
19.9%, 95% CI521.6, 41). Most secondary outcomes favored
dextromethorphan-bupropion. The most common adverse
events with dextromethorphan-bupropion were dizziness,
nausea, dry mouth, decreased appetite, and anxiety.
Dextromethorphan-bupropion was not associated with
psychotomimetic effects, weight gain, or sexual dysfunction.

Conclusions: In patients with major depression,
dextromethorphan-bupropion (AXS-05) significantly im-
proved depressive symptoms compared with bupropion
and was generally well tolerated.

AJP in Advance (doi: 10.1176/appi.ajp.21080800)

Major depressive disorder is a prevalent and disabling con-
dition, and it is the leadingcauseofdisabilityworldwide (1–3).
Currently approved oral antidepressants work primarily via
monoamine pathways (4). Partial or inadequate response is
common with these agents, and they typically take several
weeks to produce clinically meaningful effects (5). In the
Sequenced Treatment Alternatives to Relieve Depression
(STAR*D) trial, about two-thirdsofdepressionpatients failed
to achieve remission with first-line treatment, and of those
who experienced a clinical response, approximately 60% did
so only at or after 8 weeks of treatment (6).

Involvement of the glutamatergic system in the patho-
genesis of depression is suggested by data from neuro-
imaging, cellular, and clinical studies. Dextromethorphan is
an uncompetitive antagonist of the N-methyl-D-aspartate
(NMDA) receptor (an ionotropic glutamate receptor) (7) and
a sigma-1 receptor agonist (8). Blockade of the NMDA re-
ceptor and agonism of the sigma-1 receptor modulate glu-
tamate signaling in the central nervous system (9, 10). The
clinical utility of dextromethorphan has been limited by
its rapid and extensive metabolism through CYP2D6, yield-
ing subtherapeutic plasma levels (11). A tablet (AXS-05)
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combining dextromethorphan and bupropion (hereafter
dextromethorphan-bupropion) has been formulated to in-
crease the bioavailability and half-life of dextromethorphan
and has been developed for the treatment of major de-
pression. The bupropion component serves to increase
dextromethorphan plasma concentrations by inhibiting its
metabolism. A breakthrough therapy designation was
grantedby theU.S. Food andDrugAdministration (FDA) for
dextromethorphan-bupropion for the treatment of major
depressive disorder in March 2019. This designation is
granted to candidate drugs that show potential for benefit
above that of available therapies based on preliminary
clinical data, and it provides the sponsor with added focus
from and greater interactions with FDA staff during the
development of the candidate drug (12).

The high rate of failure to achieve signal detection in
depressionclinical trials hasbeenwelldocumented (13–15).A
large analysis of depression clinical trials submitted for new
drug applications over a 25-year period revealed a nearly
50% trial failure rate, and a declining treatment effect (drug-
placebo difference), over this period (13). Reasons identified
in the literature for the poor signal detection and high failure
rate of depression clinical trials include high and rising
placebo response rates (13, 16, 17), site rater biases resulting in
baseline score inflation, inclusion of less severely symp-
tomatic patients, and failure to excludepatientswhowerenot
eligible for study participation (14, 18–20). Approaches to
addressing rising placebo rates have included placebo lead-in
designs and the sequential parallel comparison design,which
remove subjects with high placebo responses to increase the
treatment effect (21). These approaches havemetwithmixed
success (22). Approaches to reducing the inclusion of ineli-
gible or inappropriate patients include use of a third party to
reinterviewpotential patients to confirmdisease severity and
eligibility (23). A limitation of these approaches is that the
sites arenotblinded to theuseof the independent assessment.
In this pilot trial, we utilized measures to potentially ad-
dress the issues contributing to poor signal detection. These
measures included confirmation of disease severity through
independent assessment and comprehensive blinding of par-
ticipating clinical trial sites.

METHODS

Study Design
Thiswas a 6-week randomized, double-blind, active-controlled
phase 2 trial conducted at four sites in theUnited States from
May 2018 to December 2018. The trial used bupropion, an
approved antidepressant, as the control because it is a
component of dextromethorphan-bupropion.

To address potential site rater biases contributing to in-
clusion of inappropriate patients, this study evaluated effi-
cacy only in patients whose diagnosis and severity of major
depressivedisorderwereconfirmed, basedonclinical review,
by an independent assessor who was blinded to treatment
assignment. The clinical review utilized only documentation

collected by the sites at screening and baseline, including a
completemedical history and clinician- and patient-reported
outcome measures (described below, under Efficacy As-
sessments). The independent assessor did not have direct
contact with study participants or access to any patient data
collected after randomization. In order to reduce investigator
expectation bias and therefore placebo response, sites were
blinded to theprimaryefficacyvariableand thepresenceofan
independent assessor. Siteswere provided a blinded protocol
that presented the trial as a safety study with exploratory
efficacy assessments. Detailed discussion of the efficacy
analysiswas limited to the statistical analysis plan,whichwas
not provided to the sites.

All sites gained independent review board approval, and
all patients provided written informed consent prior to
participation. The site investigators gathered the trial data,
and the sponsor (Axsome Therapeutics) ensured that all
persons administering rating scales were qualified and ap-
propriately trained. The trial was conducted in accordance
with the International Council onHarmonization’s guidelines
for Good Clinical Practice (24), the principles of the Decla-
ration of Helsinki (25), and all regulatory requirements. The
clinical trial was listed on ClinicalTrials.gov (NCT03595579).

Participants
The study evaluated patients 18–65 years of age with a
confirmed diagnosis of major depressive disorder and a
current major depressive episode of moderate or greater
severity. The diagnosis was established using the DSM-5
criteria for major depressive disorder without psychotic
features, basedon theStructuredClinical InterviewforDSM-
5, Clinical Trials Version (26, 27), and the site investigator’s
rating of a score$25 on theMontgomery-Åsberg Depression
Rating Scale (MADRS) (28) and a score $4 on the Clinical
Global Impressions severity scale (CGI-S) (29). Confirmation
of the diagnosis of major depressive disorder and a current
major depressive episode ofmoderate or greater severitywas
performed by a blinded independent assessor based on a
clinical review prior to database lock and study unblinding.

Key exclusion criteria included bipolar disorder, panic
disorder, obsessive-compulsive disorder, treatment-resistant
depression (defined as having had at least two failed adequate
antidepressant treatments in the current major depressive
episode), a substance use disorder within the past year, a
lifetime history of psychotic disorder, a clinically significant
risk of suicide, and a history of seizure disorder. Patients could
havebeenonantidepressant treatmentprior to studyentry but
were required to be completely off the prior treatment, with a
washout of at least 1 week or five half-lives of the medication,
whichever was longer, prior to the baseline visit and ran-
domization. The screening period was up to 4 weeks to allow
for any needed taper and washout of prior medications.

Randomization and Blinding
Participants were randomized in a 1:1 ratio to receive oral
treatment with either dextromethorphan-bupropion or
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sustained-release bupropion. In order to blind site investi-
gators to the independent confirmation of diagnosis, all pa-
tients deemed eligible by the site investigators were
randomized to receive studymedicationandwere included in
the safety population. As prespecified, patients whose diag-
nosis or severity was not confirmed by the independent as-
sessor were excluded from the efficacy population.

Dextromethorphan-bupropion tablets and bupropion
tablets were identical in appearance. The randomization
schedule was computer generated using a permuted block
algorithm that randomly allocated study drug to randomi-
zation numbers. All patients, investigators, and study per-
sonnel were blinded to treatment assignment, and no one
involved in the performance of the study had access to the
randomization schedule before official unblinding of treat-
ment assignment.

Procedures
The double-blind treatment period was 6 weeks. Patients
received their assigned studymedication, dextromethorphan-
bupropion (45mg/105mg tablet) orbupropion (105mg tablet),
once daily for the first 3 days and twice daily thereafter.
The bupropion dosage in the control arm (210 mg daily)
was selected to match the dosage incorporated in
dextromethorphan-bupropion, enabling an appropriate
comparison. Lower dosages (100 or 150 mg bupropion daily)
have been shown to be efficacious in controlled trials (30, 31).
During the treatment period, patients tracked their mood
daily by completing a daily visual analoguemood scale. Study
visits occurred 1, 2, 3, 4, and 6weeks after the baseline visit. A
safety follow-up visit occurred at week 7, 1 week after the last
dose of study medication. There were no formal discontin-
uation criteria; patients were free to withdraw consent for
any reason, and investigators were free to remove a patient
from the study for any safety-related reason. The dosage of
dextromethorphan-bupropion, titrated to twice daily, was
selected based on the results of pharmacokinetic trials. Study
drug adherence was monitored by counting the number of
tablets dispensed and returned and by measurement of
plasma concentrations of bupropion at end of study.

Efficacy Assessments
Theprimaryefficacyvariablewas thechange frombaseline to
week 6 in the MADRS total score. The MADRS is a 10-item
clinician-rated questionnaire ranging from 0 to 60, with
higher scores representing more severe depression. The
primary hypothesis testing was overall treatment effect on
the MADRS score (average of change from baseline for
weeks 1–6).

Secondary endpoints included clinical response (defined
as a reduction $50% from baseline in MADRS total score);
remission (defined as a MADRS total score #10); score on
the Clinical Global Impressions improvement scale (CGI-I;
scores range from 1 [very much improved] to 7 [very much
worse]) (29); score on theCGI-S (scores range from 1 [normal
state] to 7 [among the most extremely ill]) (29); score on the

16-item Quick Inventory of Depressive Symptomology–Self-
Rated (QIDS-SR; scores range from0to27,withhigher scores
representing more severe depression) (32); and score on the
MADRS-6 (a subscale of the 10-item MADRS evaluating the
core symptoms of depression: apparent sadness, reported
sadness, inner tension, lassitude, inability to feel, and pes-
simistic thought) (33, 34).

Safety was assessed based on the incidence of adverse
events; changes in vital signs, clinical laboratory measure-
ments, physical examinations, and electrocardiograms; and
assessment of suicidal ideation and behavior with the use of
the Columbia-Suicide Severity Rating Scale (C-SSRS). Ad-
verse events during the treatment period were defined as
adverse events occurring from the time of administration of
the first dose of dextromethorphan-bupropion or bupropion
until 7 days after the last dose.

Statistical Analysis
Two patient sets were prespecified for analysis. The safety
population included all patients who received at least one
dose of study medication. The efficacy population (modified
intent-to-treat population) consisted of all patients with a
diagnosis of major depressive disorder and a current major
depressiveepisodeofmoderateorgreater severity, confirmed
by the independent assessor,whowere randomized, received
at least one dose of study medication, and had at least one
postbaseline assessment.

The primary efficacy variable was the change from
baseline in the MADRS total score, and the primary hy-
pothesis testing was overall treatment effect. The overall
treatmenteffecton theMADRSwasassessedbyaveraging the
change from baseline at each time point in the study (weeks
1–6). Changes from baseline in MADRS score were analyzed
using a mixed model with repeated measures that included
treatment (two levels: one indicating active treatment and
two indicating the control treatment), week (five levels:
weeks 1–4andweek6), and treatment-by-week interaction as
factors, baseline value as a covariate, and subject as a random
effect. This method was used to analyze all other efficacy
variables that assessed a change from baseline. Missing
values were imputed via the last-observation-carried-forward
method.

Overall treatment effects, treatment effects at individual
postbaseline weeks, and the differences between treatment
effects were estimated using least-squares mean estimation
andare reported togetherwith the two-sided95%confidence
interval of the treatment differences. Efficacy variables re-
lated to percentages (e.g., clinical response and remission
rates) were analyzed via chi-square tests. The CGI-I was
analyzed using the Cochran-Mantel-Haenszel test. Analyses
were performed using SAS, version 9, and all hypothesis tests
were conducted at a two-sided alpha level of 0.05.

If results were found to be positive on the primary hy-
pothesis testing on the MADRS, then other analyses (re-
sponse, remission) were to be performed on this variable to
examine clinical relevance. As this was a phase 2 pilot study,
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secondary efficacy variables were not adjusted for multi-
plicity, and nominal p values for these are presented. The
sample size assumed approximately 60 patients (30 per arm)
with a confirmed diagnosis completing the double-blind
period. The sample size of the study was determined based
on prior reported experiencewith trials of a similar stage, in a
similar patient population, with a similar objective.

RESULTS

Patients and Disposition
A total of 97 patientswere randomized (48 to dextromethorphan-
bupropion,49 tobupropion).Of these, the independentassessor
evaluation failed to confirm the diagnosis or severity for 17 pa-
tients, resulting in a total of 80 patients in the efficacy (modified
intent-to-treat) population (43 in the dextromethorphan-
bupropion group, 37 in the bupropion group) (Figure 1). Of
the 17 patients who were excluded from the sample, 16 were
excluded because of discrepant depression severity scores (not
meeting at least moderate depression severity criteria), and one
because the patient did not have a primary diagnosis of major
depressive disorder.

The patients’ baseline demographic and clinical charac-
teristics were generally similar for the dextromethorphan-

bupropion and the bupropion
groups (Table 1). There was a
higher proportion of women,
Black or African American pa-
tients, and Hispanic or Latino
patients in thebupropiongroup
(70.3%, 37.8%, and 29.7%, re-
spectively) compared with the
dextromethorphan-bupropion
group(58.1%,27.9%,and14.0%,
respectively). These observed
differences were well within
random chance (p.0.15) given
the small sample sizes. The
number of patients in the effi-
cacy populationwho completed
the trial was 34 (79.1%) in the
dextromethorphan-bupropion
group and 26 (70.3%) in the
bupropion group. Completers
for the safety population are
shown in Figure 1.

Overall, mean treatment
adherence based on tablet
counts was high across visits in
the safety and efficacy pop-
ulations ($90.0% and $91.3%,
respectively) for both the
dextromethorphan-bupropion
and bupropion groups. Con-
sistent with the adherence
based on tablet counts, of the

72 patients in the efficacy population with pharmacokinetic
samples, 93.1% had measurable study drug concentrations at
the last scheduled study visit.

Efficacy
Dextromethorphan-bupropion was significantly associated
with reducedMADRS total scores comparedwith bupropion
(Figure 2). The least-squaresmeanchange frombaseline over
weeks 1–6 (overall treatment effect) in MADRS total score
was213.7 points in the dextromethorphan-bupropion group
and28.8 points in the bupropion group (least-squares mean
difference524.9, 95% CI523.1, 26.8; Cohen’s d51.2;
p,0.001). Improvementwith dextromethorphan-bupropion
over bupropion on the MADRS total score was observed as
early asweek 1, with differences being statistically significant
starting atweek 2 (least-squaresmeandifference524.7, 95%
CI520.6,28.8; p50.024) and at every time point thereafter.
At week 6, dextromethorphan-bupropion was associated
with a mean change from baseline of 217.3 points in the
MADRS total score, compared with 212.1 points for
bupropion (least-squares mean difference525.2, 95% CI5
21.1,29.3; Cohen’s d50.6; p50.013). Results of a sensitivity
analysis of the primary endpoint (overall treatment effect)
using a mixed model of repeated measures with no

FIGURE1. Flowchartofparticipants throughaphase2 trial ofAXS-05 (dextromethorphan-bupropion)
for major depressive disorder

Ineligible (N=21)
Lost to follow-up (N=2)

Randomized to dextromethorphan-

bupropion (N=48)
Randomized to bupropion (N=49)

Included in the effi  cacy 

population (N=43)

Included in the effi  cacy 

population (N=37)

Included in the safety 

population (N=48)

Included in the safety 

population (N=48)

Excluded by independent 
assessor evaluation (N=5)

Excluded by independent  
assessor evaluation (N=12)

Randomized (N=97)

Assessed for eligibility (N=120)

Completed the trial (N=35)

Discontinued the trial (N=14)

• Had an adverse event (N=5)

• Lost to follow up (N=3)

• Withdrew consent (N=3)

• Other reason (N=3)

Completed the trial (N=39)

Discontinued the trial (N=10)

• Had an adverse event (N=6)

• Withdrew consent (N=2)

• Investigator decision (N=1)

• Other reason (N=1)
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imputation ofmissing valueswere consistentwith the results
of the primary analysis (least squaresmean difference525.1,
95% CI523.1, 27.1; p,0.001).

Remission, defined as a MADRS total score #10, was
achieved by a statistically significantly greater percentage
of patients in the dextromethorphan-bupropion group than
in the bupropion group at week 2 (25.6% and 2.7%, re-
spectively; least-squares mean difference522.9%, 95%
CI58.8, 36.9; p50.004) and at every time point thereafter
(Figure 2, Table 2). At week 6, the percentage of patients
achieving remission was 46.5% in the dextromethorphan-
bupropion group and 16.2% in the bupropion group (least-
squares mean difference530.3%, 95% CI511.2, 49.4;
p50.004). Clinical response, defined as a reduction $50%
in MADRS total score, favored the dextromethorphan-
bupropion group, with the between-group difference
reaching statistical significance at week 3 (least-squares
mean difference527.2%, 95% CI57.2, 47.2; p50.012) and
week 4 (least-squares mean difference523.0%, 95%
CI51.7, 44.3; p50.040). At week 6, clinical response was
achieved by 60.5% of patients in the dextromethorphan-
bupropion, compared with 40.5% in the bupropion group
(least-squaresmean difference519.9%, 95%CI521.6, 41.5;
p50.075).

Dextromethorphan-bupropion significantly improved
MADRS-6 (core symptoms) scores compared with bupro-
pion. The least-squares mean change from baseline over
weeks 1–6 (overall treatment effect) on the MADRS-6 score
was210.1 points in the dextromethorphan-bupropion group
and26.6 points in the bupropion group (least-squares mean
difference523.4, 95% CI522.2, 24.7; p,0.001) (Table 2).
Improvement with dextromethorphan-bupropion over
bupropion on the MADRS-6 score was observed as early as

week 1, with differences being statis-
tically significant starting at week 2
(least-squaresmeandifference523.2,95%
CI520.4, 26.0; p50.027) and at every
time point thereafter.

Dextromethorphan-bupropion treat-
ment was associated with significantly
greater improvement on the CGI-S
compared with bupropion. The overall
treatment effect (mean improvement from
baseline over weeks 1–6) on the CGI-S was
21.6 in the dextromethorphan-bupropion
group, compared with 21.0 in the bupro-
pion group (least-squares mean differ-
ence520.5, 95% CI520.3, 20.8;
p,0.001) (Table 2). Improvement with
dextromethorphan-bupropion over bupro-
pion on the CGI-S was greater compared
with bupropion at all time points, with
the between-group difference reaching
statistical significance at week 2 (least-
squares mean difference520.9, 95%
CI50.0, 21.0; p50.049) and at every

time point thereafter, including week 6 (least-squares mean
difference520.5, 95% CI520.0, 21.1; p50.038). The pro-
portion of patients showing moderate to marked improve-
ment on theCGI-Iwas statistically significantly greater in the
dextromethorphan-bupropion group compared with the
bupropion group at week 1 (least-squares mean differ-
ence514.3%, 95% CI51.5, 28.3; p50.045) and at week
4 (least-squares mean difference528.1%, 95% CI54.1, 52.1;
p50.025).

The dextromethorphan-bupropion group also showed a
statistically significant improvement on the patient-rated
QIDS-SR compared with the bupropion group. The least-
squares mean change from baseline over weeks 1–6 (overall
treatment effect) on the QIDS-SR was 26.0 for the
dextromethorphan-bupropion group and 24.8 for the
bupropion group (least-squares mean difference521.2, 95%
CI520.2, 22.2; p50.017). Remission on the QIDS-SR (de-
fined as a score#5) at week 6 was achieved by a statistically
significantly greater proportion of the dextromethorphan-
bupropion group (46.5%) compared with the bupropion
group (21.6%) (least-squares mean difference524.9%, 95%
CI54.9, 44.8; p50.020).

Safety
The percentage of patients who experienced any adverse
events during the treatment period was 72.9% in the
dextromethorphan-bupropion group and 64.6% in the
bupropion group. The most common adverse events in the
dextromethorphan-bupropion groupwere dizziness, nausea,
drymouth, decreased appetite, and anxiety. In the bupropion
group, the most frequently reported adverse events were
nausea, headache, dry mouth, decreased appetite, and con-
stipation. The majority of adverse events were mild or

TABLE 1. Baseline demographic and clinical characteristics of study participants in a
phase 2 trial of AXS-05 (dextromethorphan-bupropion) for major depressive disordera

Characteristic
Dextromethorphan-
Bupropion (N543) Bupropion (N537)

Mean SD Mean SD

Age (years) 37.3 12.0 37.7 11.9

N % N %

Sex
Female 25 58.1 26 70.3
Male 18 41.9 11 29.7

Race
White 30 69.8 20 54.1
Black or African American 12 27.9 14 37.8
Asian 1 2.3 0 0
Other 0 0 3 8.1

Hispanic or Latino ethnicity 6 14.0 11 29.7

Mean SD Mean SD

MADRS total score 31.8 4.0 32.2 4.5
CGI-S score 4.4 0.6 4.5 0.5

a CGI-S5Clinical Global Impressions severity scale; MADRS5Montgomery-Åsberg Depression Rating
Scale.
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moderate in intensity. Adverse events rated of severe
intensity were reported by three patients in the
dextromethorphan-bupropion group (dizziness in two
patients; somnolence, nausea, and anxiety in one patient
each) and by one patient in the bupropion group (psy-
chotic disorder). There were no serious adverse events
(including hospitalizations) in the trial. The incidence of
adverse events resulting in discontinuation of study
medication was identical in the dextromethorphan-
bupropion and bupropion groups (12.5%). Dizziness
and anxiety led to withdrawal of study drug in two pa-
tients each in the dextromethorphan-bupropion group,
and psychotic disorder in one patient in the bupropion
group. Dextromethorphan-bupropion was not associated
with psychotomimetic effects, weight gain, or increased
sexual dysfunction (Table 3).

Mean changes from baseline in clinical laboratory pa-
rameters and vital signs were small and similar between
treatment groups. Two patients in the dextromethorphan-
bupropiongrouphadadverse eventsofdecreasedweight, and
one patient in the bupropion group had an adverse event of
increased blood pressure, all of which resolved. The adverse
events of decreased weight were not serious and were of
mild severity.

There were no signals for increased suicidality in this
study, as assessed by changes from baseline on the C-SSRS.
At baseline,fivepatients (10.4%) in thedextromethorphan-
bupropion group and four patients (8.2%) in the bupropion
group gave a positive response on item 1 of the C-SSRS
(wish to be dead). At week 1, only two patients in the
dextromethorphan-bupropion group gave a positive re-
sponse to item 1, compared with five patients in the
bupropion group. At week 6, one patient in each treatment
group gave a positive response on item 1 of the C-SSRS.

DISCUSSION

In this randomized controlled trial, dextromethorphan-
bupropion (AXS-05) demonstrated rapid, substantial, and
statistically significant antidepressant efficacy compared
with theactivecomparatorbupropionon theprimaryefficacy
variable (MADRS total score) and multiple other clinician-
and patient-reported measures of depression severity. Given
the known challenges in achieving signal detection in de-
pression clinical trials, design features were implemented in
this study to increase assay sensitivity and ensure evaluation
of the appropriate patient population. To address potential
site rater biases toward the inclusion of inappropriate pa-
tients, this study evaluated only patientswhose diagnosis and
severity of major depressive disorder were confirmed by a
blinded independent assessor, based on clinical review. An-
other important design feature implemented to increase the
ability to detect an efficacy signal in this phase 2 trial was
the blinding of site investigators to the efficacy objective of
the trial to reduce expectation bias.

Dextromethorphan-bupropion rapidly reduced depres-
sive symptoms, as measured by the MADRS total score, as
early as week 1, with statistically significant differences over
bupropion observed by week 2 and at every time point
thereafter. The treatment difference on the MADRS
(dextromethorphan-bupropion change minus bupropion
change) was substantial and consistent over time, being
approximately 5 points at each time point from week
2 through week 6 (range, 4.5–5.6 points). This treatment
effect over an active comparator compares favorably to the
approximately 2.5-point mean difference from placebo seen
at 6–8 weeks in antidepressant studies in the FDA database
(13, 35, 36).

Symptom remission is considered a desired goal in de-
pression treatment because it is associated with better daily
functioning and better long-term prognosis (37). Rates of
remissionon theMADRS(a total score#10)were statistically

FIGURE 2. MADRS total scores and remission over time in a phase
2 trial of AXS-05 (dextromethorphan-bupropion) for major
depressive disordera
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aMADRS5Montgomery-Åsberg Depression Rating Scale. Panel A dis-
plays themeanchange frombaseline in theMADRS total scoreover time;
error bars indicate standard error, and p values are calculated on least-
squares means. Panel B displays the percentage of patients achieving
remission (a MADRS total score #10) over time; p values are calculated
via chi-square tests.
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significantly greater in the dextromethorphan-bupropion
group starting at week 2 (p50.004) and at every time point
thereafter. Rates of remission on the patient-ratedQIDS-SR (a
total score#5) atweek6 similarly favoreddextromethorphan-
bupropion (p50.020), demonstrating consistency between
clinician- and patient-reported outcomes.

The MADRS core symptom subscale (MADRS-6) was
evaluated because it has been suggested that core symp-
toms may be more sensitive to change from antidepressant
treatment (38). Results on the MADRS-6 were consistent
with those on the 10-item MADRS, demonstrating greater
improvements among patients in the dextromethorphan-
bupropion group compared with those in the bupropion
group, with statistical significance achieved on both
measures starting at week 2 and at every time point
thereafter.

Results of clinicians’ global assessments were consistent
with the results from the symptom-specific scales and fa-
vored dextromethorphan-bupropion. Clinicians reported
rapid and consistently greater reduction in disease severity,
measured by the CGI-S, with dextromethorphan-bupropion
comparedwith bupropion, whichwas statistically significant

starting at week 2 (p50.049) and at every time point
thereafter, including week 6 (p50.038).

Dextromethorphan-bupropion demonstrated a rapid on-
set of effect on depressive symptoms and global measures,
with statistically significant improvements compared with
bupropion observed starting at week 2 on several measures,
despite thesmall samplesizeof thestudy.Dextromethorphan-
bupropion demonstrated a statistically significant reduc-
tion in MADRS total score from baseline compared with
bupropion starting at week 2 (p50.024). Remission rates on
the MADRS were statistically significantly superior in the
dextromethorphan-bupropion group compared with the
bupropion group starting at week 2 (26% compared with 3%;
p50.004). Globalmeasures showed rapid improvementwith
dextromethorphan-bupropion, with statistically significant
changes observed at week 1 on the CGI-I (p50.045) and at
week 2 on the CGI-S (p50.049).

This study is thefirst controlled trial of dextromethorphan-
bupropion in patients with depression. Murrough et al. (39)
reported results of the combination of dextromethorphan and
quinidine in patients with treatment-resistant depression;
however, that was an open-label trial with no control arm,

TABLE 2. Primary and secondary outcomes in a phase 2 trial of AXS-05 (dextromethorphan-bupropion) for major depressive disordera

Measure
Dextromethorphan-
Bupropion (N543) Bupropion (N537) Difference

LS mean SE LS mean SE LS mean 95% CI Cohen’s d p

MADRS total score, change
from baseline
Overall (primary endpoint) 213.7 0.6 28.8 0.7 24.9 23.1, 26.8 1.2 ,0.001
Week 2 212.5 1.4 27.8 1.5 24.7 20.6, 28.8 0.5 0.024
Week 6 217.3 1.4 212.1 1.5 25.2 21.1, 29.3 0.6 0.013

N % N % % 95% CI NNT p

Remission (MADRS score#10)
Week 2 11 25.6 1 2.7 22.9 8.8, 36.9 5 0.004
Week 6 20 46.5 6 16.2 30.3 11.2, 49.4 4 0.004

Clinical response ($50%
decrease in MADRS score
from baseline)
Week 2 16 37.2 10 27.0 10.2 210.2, 30.5 10 ns
Week 6 26 60.5 15 40.5 19.9 21.6, 41.5 5 ns

LS mean SE LS mean SE LS mean 95% CI Cohen’s d p

MADRS-6 score, change from
baseline
Overall 210.1 0.4 26.6 0.5 23.4 22.2, 24.7 1.2 ,0.001
Week 2 29.1 1.0 26.0 1.0 23.2 20.4, 26.0 0.5 0.027
Week 6 212.6 1.0 28.7 1.0 23.9 21.1, 26.7 0.6 0.007

CGI-S score, change from
baseline
Overall 21.6 0.1 21.0 0.1 20.5 20.3, 20.8 1.0 ,0.001
Week 2 21.4 0.2 20.9 0.2 20.5 20.0, 21.0 0.4 0.049
Week 6 22.1 0.2 21.5 0.2 20.5 20.0, 21.1 0.5 0.038

a CGI-S5Clinical Global Impressions severity scale; LS5least-squares; MADRS5Montgomery-Åsberg Depression Rating Scale; MADRS-656-itemMontgomery-
Åsberg Depression Rating Scale; NNT5number needed to treat; ns5not significant. Changes from baseline variables were analyzed using a mixed model for
repeated measures. This analysis of covariance mixed-effect model for repeated measures included treatment, week, and treatment-by-week interaction
as factors, baseline value as a covariate, and patient as a random effect. Treatment effects and treatment differences at each time point were estimated using the
least-squares mean estimates. Efficacy variables related to percentages were analyzed via chi-square tests. All hypothesis tests were conducted at a two-sided
alpha level of 0.05.
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which limits interpretation. The development of the
combination of deuterated dextromethorphan and quinidine
for the treatment of major depression was halted because
results of a phase 2 placebo-controlled trial in this indication
(NCT02153502) did not provide sufficient evidence of effi-
cacy to justify continued development (40). In the present
phase 2 trial, the bupropion arm (210 mg/day) performed
as expected, resulting in a substantial reduction (12 points)
from baseline in MADRS total score at week 6. By compar-
ison, in an 8-week, 362-patient, randomized, placebo-
controlled trial, bupropion treatment at dosages of 150 mg/
day or 300 mg/day resulted in a reduction of approximately
10 points from baseline in Hamilton Depression Rating Scale
(HAM-D) score for each of the two dosages (31) at week 8.
This 10-point HAM-D change translates to an approximately
12-point change on theMADRS (41), which is in linewith the
bupropion result in the present phase 2 trial. The bupropion
dosage in the present trial was selected to match the dosage
incorporated in dextromethorphan-bupropion, enabling an ap-
propriate comparison. This dosage is lower than the usual
target dosage of 300 mg/day as monotherapy stated in the
FDA prescribing information for bupropion (42).

Dextromethorphan-bupropionwas safe andwell tolerated in
this trial. The incidences of adverse events were generally similar
between the two groups except for dizziness, which was reported
in 20.8% of the dextromethorphan-bupropion group, compared
with 4.2% of the bupropion group. To estimate the true incidence
of dizziness with dextromethorphan-bupropion, larger studies

have been performed (ClinicalTrials.
gov identifier: NCT04019704). Rates of
discontinuations due to adverse events
were similar in the two treatment arms.

Unlike other NMDA receptor antago-
nists, dextromethorphan-bupropion was
not associated with psychotomimetic
effects. This tolerability profile could
be related to the significantly faster rate
of unblocking of the NMDA receptor
channel reported for dextromethorphan
ascomparedtootherNMDAantagonists
(7). Dextromethorphan-bupropion was
not associated with abuse-related ad-
verse events in this trial.While dosing in
this trial was only 6 weeks in duration,
dextromethorphan-bupropion has been
dosed for up to 1 year in a long-term
open-label safety trial (ClinicalTrials.
gov identifier: NCT04039022). In that
and other, larger controlled trials,
dextromethorphan-bupropion to date
has not been associated with abuse.
Dextromethorphan-bupropion was not
associated with weight gain or increased
sexual dysfunction in this 6-week trial.

Limitations of this trial include ex-
clusion of patients with inadequate

symptom severity, psychotic or other psychiatric disorders,
substance use disorders, clinically significant risk of suicide,
or significant medical comorbidities. These exclusions,
along with prohibition of certain concomitant medica-
tions,may limit the generalizability of the studyfindings. In
addition, treatment at experienced trial sites by specialized
clinicians under a trial protocol with frequent clinical as-
sessmentsmay not reflect general practice.Whilemost of the
secondary outcomes favored dextromethorphan-bupropion
over bupropion, the confidence intervals for the between-
group differences were not adjusted for multiple compari-
sons. A greater number of patients in the bupropion armwere
excluded by the independent assessment compared with the
dextromethorphan-bupropion arm, which may affect the
overall results. The imputation of missing values via the
last-observation-carried-forward method may affect the re-
sults of categorical variables such as response and remission.
Finally, the trial duration was limited to 6 weeks. The effect
of long-term treatment with dextromethorphan-bupropion
has been evaluated in a separate study. In this phase
2 randomized clinical trial, treatment with dextromethorphan-
bupropion resulted in clinically meaningful and statistically
significant improvements in depressive symptoms com-
pared with the active comparator bupropion, and was
well tolerated. Reductions in depressive symptoms with
dextromethorphan-bupropion were statistically signifi-
cant at week 2 and at every time point thereafter com-
pared with bupropion alone.

TABLE 3. Summary of adverse events in a phase 2 trial of AXS-05 (dextromethorphan-
bupropion) for major depressive disordera

Event
Dextromethorphan-
Bupropion (N548) Bupropion (N548)

N % N %

Any adverse event 35 72.9 31 64.6
Serious adverse eventb 0 0.0 0 0.0
Severe adverse eventc 3 6.3 1 2.1
Adverse event leading to discontinuation
of study drug

6 12.5 6 12.5

Adverse events occurring in $5 patients
in either treatment group
Dizziness 10 20.8 2 4.2
Nausea 8 16.7 6 12.5
Dry mouth 5 10.4 4 8.3
Decreased appetite 5 10.4 4 8.3
Anxiety 5 10.4 1 2.1

Mean SD Mean SD

Change from baseline in body weight at
week 6 (kg)

20.6 2.4 0.1 2.1

a The safety population included all randomized patients who received at least one dose of dextro-
methorphan-bupropion or bupropion. Adverse events that occurred during the treatment period were
defined as those that started or worsened from the time of the first dose of dextromethorphan-bupropion
or bupropion through 7 days after the last dose.

b A serious adverse event was defined as any adverse event that resulted in death, was immediately life-
threatening, led to inpatient hospitalization or prolongation of hospitalization, or caused persistent or
clinically significant disability or incapacity.

c A severeadverseeventwasdefinedasanyevent that interruptedusual activitiesofdaily living,or significantly
affected clinical status, or required intensive therapeutic intervention.
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