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Depression is a significant cause of morbidity and mortality globally. Although various pharmacologic options exist for
depression, treatments are limited by delayed or incomplete therapeutic response, low rates of remission, and adverse
effects necessitating effective, fast-acting, and better tolerated alternatives. The purpose of this review is to describe
the safety and efficacy of dextromethorphan-bupropion (Auvelity), a Food and Drug Administration approved treatment
for major depressive disorder in adults. Dextromethorphan modulates glutamate signaling through uncompetitive antago-
nism of N-methyl-D-aspartate receptors and sigma-1 agonism, while bupropion increases the bioavailability of dextro-
methorphan by CYP2D6 inhibition. In a phase 3 trial with dextromethorphan-bupropion 45—105 mg for patients with
major depressive disorder saw significant reductions in their Montgomery-Asberg Depression Rating Scale total scores
compared to placebo. A phase 2 trial comparing dextromethorphan-bupropion 45—105 mg to bupropion monotherapy
led to significant reduction in Montgomery-Asberg Depression Rating Scale score. Changes in Montgomery-Asberg
Depression Rating Scale with dextromethorphan-bupropion were seen within two weeks in both clinical trials. Remission
and response rates were significantly higher with dextromethorphan-bupropion in both studies. The medication was
well-tolerated in both trials, with the most common adverse events being rated as mild-to-moderate. Two long-term,
open-label studies with dextromethorphan-bupropion saw large reductions in Montgomery-Asberg Depression Rating
Scale scores that were maintained through 12 and 15 months of treatment. In both long-term studies, remission rates
approached 70%, while response rates were greater than 80%. These data suggest that dextromethorphan-bupropion
is an effective, fast-acting, and well tolerated option for depression treatment and produced remission in a large percent-
age of patients.
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INTRODUCTION

Major depressive disorder affects an estimated 280 mil-
lion people globally and is a leading cause of disability
worldwide [1]. Despite numerous pharmacologic options
for the management of depression, treatment failure with
monotherapy is common [2] and therapeutic response
time generally takes weeks-to-months [3]. Given that un-
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treated depression may lead to significant functional im-
pairment and suicide [1], there is a need for effective, rap-
id-acting oral antidepressants that treat patients’ depres-
sion into remission [2].

Guidelines for non-psychotic depression management
recommend antidepressant monotherapy with agents that
rely on directly modulating the monoamine neuro-
transmitter system, such as selective serotonin reuptake
inhibitors (SSRIs), serotonin norepinephrine reuptake in-
hibitors (SNRIs), or atypical antidepressants such as bu-
propion and mirtazapine, as first line treatment [4,5].
Antidepressant monotherapies across classes indeed out-
perform placebo [6]. However, nearly two-thirds of pa-
tients fail to remit after initial treatment with an SSRI, and
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another two-thirds fail to remit after switching to a differ-
ent antidepressant [2]. Of those who do reach remission,
patients often experience weeks-long delays prior to re-
sponding to treatment [3] and untoward side effects dur-
ing this period from medications [7], highlighting the
need for novel treatment options that are effective, rap-
id-acting, and well tolerated.

Combination therapies with agents from different anti-
depressant classes have emerged as effective alternatives
to monotherapy in acute depression [8,9]. A growing num-
ber of second-generation antipsychotics (e.g., aripiprazole
[10], brexpiprazole [11], cariprazine [12], olanzapine [com-
bined with fluoxetine] [13], and quetiapine extended re-
lease [14]) have also been approved by the Food and
Drug Administration (FDA) for adjunctive treatment of de-
pression, although they are associated with extrapyramidal
symptoms and metabolic syndrome. While intranasal es-
ketamine, a rapid acting non-competitive N-methyl D-as-
partate (NMDA) receptor antagonist, was FDA approved
for adjunctive treatment of treatment resistant depressive
and depressive symptoms in adults with major depressive
disorder and suicidality, it requires strict monitoring due
to side effects and abuse potential, and it is not available
in an oral formulation [15].

A fixed-dose, extended-release combination of dextro-
methorphan and bupropion (Auvelity), an antagonist of
NMDA receptors and an agonist at sigma-1 receptors, was
approved by the FDA in 2022 for the treatment of major
depressive disorder in adults [16]. Dextromethorphan-
bupropion combination tablet represents a novel rapid-
acting oral treatment option for depression in adults. In
this article, we describe the efficacy and safety of dextro-
methorphan-bupropion in the treatment of major depres-
sive disorder in adults.

CLINICAL PHARMACOLOGY

Dextromethorphan’s primary potential for MDD treat-
ment is theorized to be due to its uncompetitive antago-
nism of the ionotropic glutamate receptor NMDA in the
central nervous system [17,18]. Previous imaging and
clinical postmortem data from clinically depressed pa-
tients have demonstrated the involvement of the gluta-
minergic system in depression with magnetic resonance
imagining (MRI) data showing the role that glutamate and
glutamine have in regulating learning, memory, and syn-

aptic plasticity. NMDA inhibition leads to downstream
activation of AMPA, a suspected target for enhancing neu-
ronal plasticity and by association improved antidepressant
effect. In addition to NMDA antagonism, dextromethorphan
is a sigma-1 agonist and inhibits serotonin and norepine-
phrine reuptake [19]. Sigma-1 receptors regulation of both
voltage-gated and ligand-gated channels may also con-
tribute to synaptic plasticity. Agonists at the sigma-1 re-
ceptor are thought to modulate NMDA receptors, with
lower doses leading to excitation, and high doses to in-
hibition [20].

The therapeutic benefits of dextromethorphan are lim-
ited due to rapid metabolism by CYP2D6 leading to a
half-life of only 4 hours [16]. Maintaining therapeutic lev-
els of dextromethorphan is essential for sustained antago-
nism of NMDA receptors. Bupropion, a dopamine and
norepinephrine reuptake inhibitor, competitively inhibits
CYP2D6, which extends dextromethorphan’s half-life to
22 hours [16,17,19]. Additional pharmacokinetic proper-
ties are overviewed in Table 1 [16]. Due to the rates of
CYP2D6 metabolism and subsequent blockade by bupro-
pion, patient CYPD6 status may impact therapeutic choices.
In patients with known poor CYP2D6 metabolism, drug
metabolism is reduced [16]. Detailed dosing changes
based on CYP2D6 metabolism as well as renal and hep-
atic adjustments are listed in Table 2.

CLINICAL TRIALS

Phase 2 Trial

Dextromethorphan-bupropion was assessed for effi-
cacy and safety in treating major depressive disorder (MDD)
in a phase 2, randomized, double-blind, active-controlled
trial (n = 80) [17]. Bupropion was used as the active
control. Included patients were between the ages of 18 —
65, had a diagnosis of MDD without psychotic features,
and were experiencing a current depressive episode of
moderate severity or greater; confirmed by an independent
blinded assessor. The treatment phase of the study lasted
for 6 weeks; after the baseline visit, study visits occurred at
weeks 1, 2, 3, 4, and 6, along with a safety follow-up at
week 7. Patients also completed a daily visual analogue
mood scale. Other key baseline demographics can be
found in Table 3.

Patients were excluded if they had a concurrent psychi-
atric diagnosis such as bipolar disorder, obsessive com-
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Table 1. Pharmacodynamic and pharmacokinetic properties

Class

Formulation
Route
Metabolism

Half-life
Steady state
Elimination

Drug interactions

Dextromethorphan: NMDA receptor antagonist & sigma-1 receptor agonist
Bupropion: dopamine and norepinephrine reuptake inhibitor and CYP2D6 inhibitor
45 mg dextromethorphan/105 mg bupropion ER tablets
Oral
Dextromethorphan: CYP2D6 de-methylation
Bupropion: CYP2B6 hydroxylation and reduction
Dextromethorphan/bupropion: 22 hours
8 days
Dextromethorphan:
CYP2D6 extensive metabolizers: 37 —52% urine, 2% unchanged
CYP2D6 poor metabolizers: 45—83% urine, 26% unchanged
Bupropion: 87% urine, 10% feces, 0.5% unchanged
MAQIs, serotonergic agents, dopaminergic agents, strong CYP2D6 inhibitors, strong CYP2B6 inducers, agents
metabolized by CYP2D6, agents which lower seizure threshold, digoxin, alcohol

NMDA, N-methyl D-aspartate; ER, extended release; MAOIs, monoamine oxidase inhibitors.

Table 2. Dosing in adults and special populations [16]

Patient population

Initial dosing Maintenance dosing

Adults

Hepatic impairment
Child Pugh A—B
Child Pugh C

Renal impairment
eGFR 30—59
eGFR < 30

Poor CYP2D6 metabolizers
Concomitant strong CYP2D6 inhibitor use

45/105 mg daily x 3 days 45/105 mg twice daily

45/105 mg daily x 3 days
Not recommended, no data studied

45/105 mg twice

45/105 mg daily
Not recommended, no data studied
45/105 mg daily
45/105 mg daily

45/105 mg daily

45/105 mg daily
45/105 mg daily

eGFR, estimated glomerular filtration rate.
Dosing should be at least 8 hours apart. Do not exceed 2 tablets in 24 hours.

Table 3. Key baseline demographics for the clinical trials

Phase 2 trial Phase 3 trial
Demographic Dextromethorphan-bupropion Bupropion Dextromethorphan-bupropion Placebo
(n=43) (n=37) (n=156) (n=162)
Age (yr) 37.3+12.0 37.7+11.9 42.1+12.8 41.2+13.8
Female 25 (58.1) 26 (70.3) 95 (60.9) 117(72.2)
Race
White 30 (69.8) 20 (54.1) 84 (53.8) 92 (56.8)
Black or African American 12(27.9) 14 (37.8) 58 (37.2) 54 (33.3)
Asian 1(2.3) 0 9(5.8) 8 (4.9)
Other 0 3(8.1) 2(1.3) 6(3.7)
Hispanic or Latino 6 (14.0) 11(29.7) - -
MADRS total score 31.8+4.0 32.2+45 33.6 4.4 33.2+44

Values are presented as mean =+ standard deviation or number (%).
MADRS, Montgomery-Asberg Depression Rating Scale.

pulsive disorder, panic disorder, or a lifetime history of
psychotic disorder. Patients were also excluded if they
had treatment-resistant depression (at least two failed
treatments in the current depressive episode), substance

use disorder within the past year, clinically significant sui-

cide risk, or history of seizure disorder. Patients could not

be on any other antidepressant medications for the dura-

tion of the trial; if they were on an antidepressant at
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screening, they had to complete a washout of at least one
week or 5 half-lives of the medication before the baseline
visit.

The primary endpoint was the change from baseline to
week 6 in the Montgomery-Asberg Depression Rating
Scale (MADRS) total score. Patients were randomized 1:1
to receive either dextromethorphan-bupropion 45/105 mg
or sustained-release bupropion 105 mg once daily for the
first 3 days, then twice daily for the remainder of the studly.
At the end of the 6-week treatment period, patients in the
dextromethorphan-bupropion group had significantly
larger reductions from baseline in their MADRS total
score, with a statistically significant effect beginning as
early as week 2. Remission (MADRS total score < 10) and
response rates (= 50% decrease in MADRS total score),
key secondary endpoints, were significantly higher in the
dextromethorphan-bupropion group. This outcome also
had a significant separation beginning at week 2. Table 4
contains the results for the primary outcome and key sec-
ondary outcomes. Adherence was evaluated by tablet
counts and plasma levels of bupropion at the last study
visit on week 7. For both groups, adherence based on tab-
let counts was = 90%, and 93.1% of the 72 patients with
plasma samples had measurable bupropion levels at the
last study visit.

Adverse events were assessed from the time of the first
dose of study medication until 7 days after the last dose.
Overall, dextromethorphan-bupropion was well-tolerated,
with the most common adverse events being dizziness,
nausea, dry mouth, decreased appetite, and anxiety. Most
of these adverse events were determined to be mild-to-

Table 4. Study outcomes for phase 2 trial

moderate. Adverse events reported as severe intensity oc-
curred in three patients in the dextromethorphan-bupropion
group (two patients with dizziness; one patient each with
nausea, somnolence, and anxiety) and one patient in the
bupropion group (psychotic disorder). Adverse events with
an incidence of greater than 5% are summarized in Table 5.
No change on the Columbia-Suicide Severity Rating Scale
(C-SSRS) from baseline to week 6 were seen. Withdrawals
due to adverse events were equivalent between the two
study groups. Notably, dextromethorphan-bupropion did
not lead to adverse events such as abuse, weight gain, sex-
ual dysfunction, or psychotomimetic effects.

Phase 3 Trial

The GEMINI trial was a phase 3, double-blind, random-
ized controlled trial (n = 327) that evaluated the safety and
efficacy of dextromethorphan-bupropion versus placebo
over 6 weeks [18]. Eligible patients were aged 18 —65 years
old with a diagnosis of MDD experiencing a major de-
pressive episode for at least 4 weeks, a MADRS score of
25 or greater, and a Clinician Global Impression Severity
(CGI-S) of 4 or higher. Patients with treatment-resistant
depression (at least two failed treatments in the current de-
pressive episode) were excluded along with any diagnosis
of psychotic disorder, bipolar disorder, panic disorder,
obsessive compulsive disorder, seizure disorder, alcohol
or substance abuse disorder within the past year, and any
patients that were at high risk of suicide. Patients were
randomly assigned in a 1:1 ratio to receive dextrometh-
orphan-bupropion (n = 163) or placebo (n = 164) for 6
weeks. Patients received dextromethorphan-bupropion

Dextromethorphan-

Bupropion

Outcome Seren (ne 42 (n=37) Difference

Overall change from baseline in MADRS total score® —13.7+0.6 —8.8+0.7 —4.9(—3.1, —6.8)"*
Change from baseline in MADRS total score, week 2 —125+1.4 —7.8x1.5 —4.7(—0.6, —8.8)"*
Change from baseline in MADRS total score, week 6 *17 3£1.4 —121+15 —5.2(—1.1, —9.3)"
Remission at week 2° 1(25.6) 1(2.7) 22.9 (8.8, 36.9)*
Remission at week 6 0 (46.5) 6(16.2) 30.3 (11.2, 49.4)%*
Clinical response at week 2° 6(37.2) 0(27.0) 10.2 (—10.2, 30.5°
Clinical response at week 6 6 (60.5) 5 (40.5) 19.9 (—1.6, 41.5)°

Values are presented as least-squares mean =+ standard error or number (%).

*MADRS: Montgomery-Asberg Depression Rating Scale; 10-item clinician-rated questionnaire with scores ranging from 0—60. A higher score
corresponds to more severe depression. "Remission defined as MADRS total score < 10. Clinical response defined as > 50% reduction in MADRS
total score from baseline. “Least-squares mean (95% confidence interval). “% (95% confidence interval).

*p < 0.05.
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Table 5. Summary of AEs from the clinical trials

Phase 2 trial Phase 3 trial
AE Dextromethorphan-bupropion Bupropion Dextromethorphan-bupropion Placebo
(n =48) (n =48) (n=162) (n=164)
Any AE 35(72.9) 31 (64.6) 100 (61.7) 74 (45.1)
Serious AE" 0 0 1(0.6) 0
Severe AE® 3(6.3) 1(2.1) 1(0.6) 2(1.2)
AE leading to discontinuation 6(12.5) 6(12.5) 10 (6.2) 1(0.6)
Dizziness 10 (20.8) 2(4.2) 26 (16.0) 10 (6.1)
Nausea 8(16.7) 6(12.5) 21(13.0) 14 (8.5)
Headache NR NR 13 (8.0) 6(3.7)
Diarrhea NR NR 11 (6.8) 5(3.0)
Somnolence 1(2.1) NR 11 (6.8) 5(3.0)
Dry mouth 5(10.4) 4(8.3) 9 (5.6) 4(2.4)
Anxiety 5(10.4) 1.1 7 (4.3) 2(1.2)
Decreased appetite 5(10.4) 4(8.3) 6(3.7) 1(0.6)
Change in body weight at week 6 (kg) —0.6+24 0.1+2.1 —02=x7.38 0.4+23

Values are presented as number (%) or mean + standard deviation.
AE, adverse event; NR, not reported.

*Any AE that results in death, was life threatening, led to hospitalization or prolongation of hospitalization, or caused significant disability or
incapacity. "A severe AE that interrupted usual daily activities, significantly affected clinical status, or requires intensive therapeutic intervention.

Table 6. Study outcomes for phase 3 trial

Outcome Dextromethorphan- Placebo Difference
bupropion (n =156) (n=162)

Overall change from baseline at week 6 in MADRS total score® —15.9+0.9 —12.0+0.9 —3.9(1.4, —6.4)"*
Change from baseline in MADRS total score, week 1° —7.2+06 —5+0.6 —2.2(— O 6, —3.9)
Change from baseline in MADRS total score, week 2° —11.1£0.7 —7.7+0.7 *3 4(—1.4, —5.5)"
Remission at week 2° 24.(16.9) 12(7.5) 4(1.9,16.8)
Remission at week 6 9(39.5) 6(17.3) 22.2(11.7,32.7)*
Clinical response at week 2° 40(28.2) 7 (17.0) 11.2 (1.8, 20.6)*
Clinical response at week 6° 7 (54.0) 1(34.0) 0(8.4,31.6)*

Values are presented as least-squares mean =+ standard error or number (%).

*MADRS: Montgomery-Asberg Depression Rating Scale; 10-item clinician-rated questionnaire with scores ranging from 0—60. A higher score
corresponds to more severe depression. "Remission defined as MADRS total score < 10. Clinical response defined as > 50% reduction in MADRS
total score from baseline. “Least-squares mean (95% confidence interval). “% (95% confidence interval).

*p < 0.05.

45—105 mg or placebo once daily for 3 days, then twice
daily thereafter. Following the baseline visit, study visits
were at weeks 1, 2, 3, 4, and 6 and a safety follow-up visit
occurred at week 7. Baseline characteristics (Table 3) were
similar among both arms except the dextromethorphan-
bupropion arm included more men than the placebo
group (39.1% vs. 27.8%; p = 0.033).

The primary endpoint was the change from baseline in
the MADRS total score at 6 weeks. Dextromethorphan-
bupropion demonstrated statistically significant reduc-
tions in MADRS scores starting as early as week 1 and at
every time point thereafter. Remission (MADRS total

score < 10) was achieved by 39.5% of patients in the
dextromethorphan-bupropion group versus 17.3% in the
placebo group at week 6 and a statistically significant dif-
ference was seen starting at week 2. At week 6, 54.0% of
patients receiving dextromethorphan-bupropion had a
statistically significant clinical response (= 50% reduc-
tion in MADRS total score) versus 34.0% with placebo.
Table 6 contains the results for the primary outcome and
key secondary outcomes.

Safety was assessed based on reported adverse events,
changes in vital signs, physical examinations, laboratory
measurements, electrocardiograms, and assessment of
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suicidal ideation and behavior. The safety population in-
cluded all patients who received at least 1 dose of the
study medication. Adverse events were defined as any ad-
verse event occurring from the first dose of treatment until
7 days after the last dose. Dextromethorphan-bupropion
was safe and well-tolerated with the most common ad-
verse being dizziness, nausea, headache, diarrhea, som-
nolence, and dry mouth. Psychomimetic effects, weight
gain, and increased sexual dysfunction were not reported
with dextromethorphan-bupropion. One severe adverse
event of a migraine was reported in the dextromethorphan-
bupropion group. Table 5 provides a summary of adverse
events. There were no reported suicide-related adverse
events based on the C-SSRS.

POSTER PRESENTATIONS

Two posters detailing long-term, open-label studies
with dextromethorphan-bupropion have been presented
at annual meetings. The first of these posters presented
the results from the COMET Phase 3 Trial at the 2021
American Society of Clinical Psychopharmacology Annual
Meeting. Patients in this trial were treated with dextro-
methorphan-bupropion 45 —105 mg twice daily for up to
12 months [21]. Inclusion/exclusion criteria were like
previously mentioned studies. This trial found a rapid re-
duction in MADRS total score that was maintained th-
rough month 12, with a mean reduction from baseline of
23 points at the end of the study period (n = 611). Clinical
response (= 50% reduction in MADRS total score) was
achieved by 82.8% of patients at month 12, and clinical
remission (MADRS total score < 10) was achieved by
69.0% of patients at month 12. The main adverse events
(n = 876) experienced were dizziness (12.7%), nausea
(11.9%), headache (8.8%), dry mouth (7.1%), and de-
creased appetite (6.1%). No serious adverse events were
reported.

The second poster presented the results from the EVOLVE
open-label, long-term study at the 2022 American
College of Neuropsychopharmacology Annual Meeting.
One hundred and forty-five patients in this trial were treat-
ed with dextromethorphan-bupropion 45 —105 mg twice
daily for up to 15 months, with similar inclusion and ex-
clusion criteria as mentioned previously [22]. Significant
improvements were reported on MADRS total scores,
Cognitive and Physical Functioning Questionnaire, Sheehan

Disability Scale, and the Hamilton Anxiety Rating Scale.
Significant robust findings on each of these assessment
scales were seen by week 1. Similar to the COMET trial,
clinical response and remission were achieved at month
12 by 81.9% and 67.5% of patients, respectively. The
most common adverse events (n = 146) were COVID-19
infection (8.9%), nausea (8.9%), headache (7.5%), dry
mouth (6.2%), dizziness (5.5%), and insomnia (5.5%).
The poster reported serious adverse events in 5 patients
(3.4%) but did not specify what these adverse events were.

PLACE IN THERAPY

Combination dextromethorphan-bupropion represents
the first FDA approved rapidly acting oral medication for
major depressive disorder in adults. Compiling evidence
suggests that this novel medication may fill a unique role
in the management of acute depression.

Dextromethorphan-bupropion’s novel pharmacologic
properties provide several advantages over other anti-
depressants. First, antidepressants affecting primarily mono-
amine neurotransmitters often take 4 —8 weeks to result in
a clinically meaningful depression response or remission
[3], while dextromethorphan-bupropion has demonstrated
efficacy after only one week of treatment [19]. Second,
dextromethorphan-bupropion has a relatively favorable
side-effect profile compared with other fast-acting anti-
depressants, such as intranasal esketamine, which is only
available through a restricted drug program due to serious
adverse outcomes resulting from sedation, dissociation,
and abuse potential [23]. Finally, unlike other fast-acting
antidepressants, brexanolone [24] and esketamine [15],
dextromethorphan-bupropion is an oral formulation, avail-
able from pharmacies, and able to be self-administered by
a patient without assistance or observation from a health-
care provider.

While dextromethorphan-bupropion is a promising
treatment for depression, there are several issues that may
limit its clinical utility. First, as is the case with esket-
amine, dextromethorphan does have abuse potential [25]
and no studies have evaluated its utility in patients with
depression and comorbid substance use disorders, though
abuse and misuse were not reported in clinical trials of the
combination product. It should be noted that the abuse of
dextromethorphan is believed to be due to its rapid con-
version to the metabolite dextrophan by the cytochrome
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450 enzyme 2D6, which is inhibited by bupropion [26].
Second, in an unpublished randomized clinical trial, dex-
tromethorphan-bupropion was compared to bupropion
for treatment resistant depression but failed to separate at
week 6 despite separating at weeks 1 and 2 [27]. Lastly,
the cost of the newly patented product limits its use as a
first line drug for depression.

Taken together, the available data indicate that dextro-
methorphan-bupropion is a safe and effective treatment
for major depressive disorder and stands alone as a fast-
acting oral treatment option for depression without the re-
quirement for a restricted treatment setting or the risk of
serious adverse events. Available data with dextromethor-
phan-bupropion not only demonstrated reduction in de-
pressive symptoms but substantial benefit in achieving re-
mission and response. The EVOLVE study provides evi-
dence that dextromethorphan-bupropion may benefit
cognition and anxiety associated with depression; two
findings that need further exploration in clinical trials.
Future studies should assess the long-term effectiveness of
combination dextromethorphan-bupropion and further
clarify its utility in people with substance use disorders
and treatment resistant depression.
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