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IMPORTANCE Effective and well-tolerated pharmacotherapies for generalized anxiety
disorder (GAD), which is one of the most common psychiatric disorders, are needed.

OBJECTIVE To determine the dose-response relationship of MM120 (lysergide D-tartrate) in
adults with moderate to severe GAD.

DESIGN, SETTINGS, AND PARTICIPANTS This phase 2b, multicenter, randomized, double-blind,
placebo-controlled study enrolled 198 adults aged 18 to 74 years with a primary GAD
diagnosis who presented with moderate to severe symptoms (defined by a Hamilton Anxiety
Rating Scale [HAM-A] score �20) and was conducted at 22 outpatient psychiatric research
sites in the US from August 2022 to August 2023. The anxiety and depression end point
assessments were conducted by independent central raters who were blinded to the trial
protocol, treatment allocation, and study visit date. The last date of follow-up was November
27, 2023.

INTERVENTIONS Participants were randomized to receive a single (freebase equivalent)
treatment dose with 25 μg (n = 39), 50 μg (n = 40), 100 μg (n = 40), or 200 μg (n = 40) of
MM120 or placebo (n = 39).

MAIN OUTCOME AND MEASURES The primary outcome was a dose-response relationship
assessed using the multiple comparison procedure modeling (MCP-Mod) method for change
in HAM-A score at 4 weeks (score range, 0-56; higher scores indicate greater severity; �7
indicates no or minimal anxiety; 8-14, mild; 15-23, moderate; and �24, severe). The minimal
clinically important difference was 2.5 points.

RESULTS Of the 198 participants randomized, 194 were included in the full analysis set
(mean age, 41.3 [SD, 13.6] years; 56.7% were female; and 3.6% were Asian, 7.7% were Black
or African American, and 83.0% were White). The dose-response relationship assessed using
the MCP-Mod method for change in HAM-A score at week 4 was statistically significant for
the 100-μg and the 200-μg dose groups vs placebo (least-squares mean difference, −5.0
points [95% CI, −9.6 to −0.4 points] with 100 μg of MM120 and −6.0 points [95% CI, −9.8 to
−2.0 points] with 200 μg of MM120) but the 25-μg and 50-μg dose groups did not reach
significance vs placebo (least-squares mean difference, −1.2 points [95% CI, −6.0 to 3.5
points] with 25 μg of MM120 and −1.8 points [95% CI, −7.6 to 4.0 points] with 50 μg of
MM120). The adverse events were consistent with the expected effects of MM120. The most
common adverse events were visual perceptual changes (illusion, pseudo-hallucination, and
visual hallucination), which occurred in 46.2% of participants who received 25 μg of MM120,
in 75.0% who received 50 μg, in 92.5% who received 100 μg, in 100% who received 200 μg,
and in 10.3% who received placebo; nausea occurred in 7.7%, 27.5%, 40.0%, 60.0%, and
7.7%, respectively; and headache occurred in 12.8%, 22.5%, 35.0%, 27.5%, and 23.1%.

CONCLUSIONS AND RELEVANCE In participants with moderate to severe GAD, a single dose of
MM120 produced a dose-dependent reduction in anxiety. These results support the
dose-dependent efficacy of MM120 and inform the dose selection for phase 3 pivotal trials.
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G eneralized anxiety disorder (GAD) is a chronic condition
marked by persistent, excessive anxiety and difficulty
controlling everyday worries. GAD is one of the most

commonpsychiatricdisorderswithapast-yearprevalenceamong
US adults of approximately 10%.1,2 Symptoms of GAD include fa-
tigue, muscle tension, difficulty concentrating, and insomnia.2

Chronic comorbidities associated with GAD include somatic ill-
nesses and other anxiety, depressive, and trauma-related disor-
ders;thesesymptomsandcomorbiditiesimposesubstantialfunc-
tional, economic, and quality-of-life burdens.3-5

Although several pharmacotherapies are approved for the
treatment of GAD, many patients do not experience sustained
relief and approximately 50% experience an inadequate re-
sponse to first-line treatments.6,7 Serotonin reuptake inhibi-
tors are commonly prescribed as first-line treatment, but a lack
of efficacy and the adverse effects can contribute to disease bur-
den, treatment nonadherence, and treatment discontinuation.8

Benzodiazepines have shown acute efficacy in patients with
GAD, but their use is limited by adverse effects and risk of mis-
use or dependence.6,9 Psychotherapy (either as monotherapy
or in combination with pharmacotherapy) has demonstrated ef-
ficacy in the treatment of GAD with varying rates of patient
response.10 No pharmacotherapies for GAD have been ap-
proved in the US since 2007.11

There remains a need for pharmacotherapies with im-
proved efficacy and tolerability to treat patients with GAD.
Lysergide, or lysergic acid diethylamide (LSD), is a semisyn-
thetic psychedelic drug in the ergoline family.12 Since it was first
synthesized in 1938, the use of LSD has been investigated to treat
a range of disorders; however, modern rigorous standards13,14 did
not exist. Although LSD’s precise mechanism of action in the
treatment of psychiatric illness is unknown, mechanistic hy-
potheses implicate its acute psychological effects (mediated
by agonism of the 5-HT2A receptor) and its sustained increases
in neuroplasticity in a variety of brain regions as potentially
responsible.13,14 The combination of LSD and psychotherapy has
shown promise in treating anxiety disorders; however, in trials
with 2 co-occurring interventions, the relative contribution of
each intervention to overall efficacy cannot be assessed.15-18

A recent phase 2 trial16 assessing the combination of LSD and psy-
chotherapy demonstrated significant reductions in anxiety lev-
els that lasted up to 1 year after treatment. Studies support LSD’s
safety, with minimal psychological risks and no reported seri-
ous adverse events (SAEs) or dependence.13,14,16,19-24

An oral pharmaceutical formulation of LSD is MM120
(lysergide D-tartrate).12 Nonclinical safety studies of MM120
have shown no target organ toxicity at the proposed thera-
peutic doses.25 The current phase 2b study assessed the dose
response, efficacy, safety, and tolerability of a single treat-
ment with 25 μg, 50 μg, 100 μg, or 200 μg of MM120 vs pla-
cebo in participants with moderate to severe GAD.

Methods
Study Design and Participants
In this phase 2b, multicenter, double-blind, placebo-
controlled trial, participants with GAD were randomized equally

to receive a single (freebase equivalent) treatment dose with
25 μg, 50 μg, 100 μg, or 200 μg of MM120 or placebo without
stratification (Figure 1). The details of dose selection, dosing pro-
cedures, and study methods appear in the trial protocol (Supple-
ment 1), in the statistical analysis plan (Supplement 2), and in
the eMethods and eTable 1 in Supplement 3.

The eligibility criteria included age of 18 to 74 years, hav-
ing a Diagnostic and Statistical Manual of Mental Disorders
(Fifth Edition) primary diagnosis of GAD based on investiga-
tor assessment and confirmed by a Mini-International Neuro-
psychiatric Interview, and having moderate to severe anxiety
(Hamilton Anxiety Rating Scale [HAM-A] score of ≥20) at both
screening and at baseline. Participants undergoing psycho-
therapy at the time of screening could enroll but could not dis-
continue or modify session frequency during the study. Par-
ticipants not receiving psychotherapy at screening could not
initiate it during the trial. The exclusion criteria included con-
traindicated medical or psychiatric conditions and inability or
unwillingness to discontinue therapeutics with potential drug-
drug interaction or anxiolytic effects.

Eligibility was evaluated at screening and baseline, with
final confirmation on dosing day via a urine drug screening,
urine pregnancy test, and collection of vital signs. Disclosure
or detection of the use of prohibited substances, including tet-
rahydrocannabinol, was cause for screening failure or discon-
tinuation as was the use of any psychedelic within the past 2
years or more than 10 times within the past 10 years.

All participants provided written informed consent that in-
cluded details of the known effects of MM120. Participants self-
reported race and ethnicity using categories from the 2020 US
Census (multiple selections were allowed). The study was ap-
proved by a central institutional review board and local insti-
tutional review boards were engaged for the sites when re-
quired. The study was conducted at 22 outpatient psychiatric
research sites across the US (eTable 2 in Supplement 3). The
Consolidated Standards of Reporting Trials (CONSORT)
reporting guideline was used.

Procedures
The study included 3 phases: (1) eligibility assessment (up to
35 days), (2) randomization (1 day), and (3) follow-up (12 weeks)

Key Points
Question Does MM120 (lysergide D-tartrate) demonstrate
dose-dependent efficacy in adults with moderate to severe
generalized anxiety disorder?

Findings In this phase 2b, multicenter, randomized, double-blind,
placebo-controlled study of 4 dose levels of MM120 that included
198 adults with generalized anxiety disorder, the primary outcome
of a dose-response relationship for change in Hamilton Anxiety
Rating Scale score at week 4 was statistically significant.

Meaning These findings support the selection of 100 μg of
MM120 as the optimal dose for pivotal clinical trials evaluating
treatment for participants with moderate to severe generalized
anxiety disorder.
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(eFigure 1 in Supplement 3). Participants taking mood or anxi-
ety medications at screening were required to discontinue
them under the supervision of site physicians. Before the base-
line visit, a medication washout period of 5 half-lives or greater
was required. During the baseline visit, the dosing session
monitors provided information to the participants on session
logistics, staff interactions, and the acute effects of MM120.

On the dosing day, participants received a single oral dose
of MM120 or placebo. Each participant was continuously moni-
tored on-site for safety and comfort by the same 2 dosing ses-
sion monitors who conducted the participant’s educational ses-
sion during the baseline visit. Participant dosing sessions were
conducted individually in a private aesthetically pleasant room.
The dosing sessions were not recorded or conducted in a group
setting. Participants were offered standardized music and eye-
shades and they could lie down, move freely around the room,
read, write, or draw.

The dosing session monitors assisted participants with
functional needs (such as eating or being escorted to the rest-
room) upon participant request. Vital signs were measured
throughout the dosing session and a physician was on-site in
case comfort medications were needed. The dosing session
monitors received study-specific training regarding how to en-
sure the comfort of the participants and safety management.
Engaging in psychotherapy with the participant was explic-
itly prohibited by the trial protocol (Supplement 1).

Starting 8 hours after the dose, participants were as-
sessed hourly to characterize the resolution of the drug ef-
fects. Continuous monitoring was required for a minimum of
12 hours. Dosing session monitors met with participants at
follow-up visits to assess safety and answer any questions about
the dosing day (these visits occurred on day 2, at week 1, and
at week 2). Efficacy and safety evaluations were conducted by
site staff during follow-up visits (on day 2 and at weeks 1, 2, 4,
8, and 12).

Outcomes
Trained, certified raters assessed all outcome measures. To
mitigate bias, the dosing session monitors were prohibited from
conducting the efficacy assessments. The HAM-A and the
Montgomery-Åsberg Depression Rating Scale (MADRS) scores
were assessed by independent central raters via telephone; the
raters were blinded to the trial protocol, treatment alloca-
tion, and study visit.

The primary outcome was a dose-response relationship as-
sessed using the multiple comparison procedure modeling
(MCP-Mod) method for change in HAM-A score from baseline
to week 4 (score range, 0-56; higher scores indicate greater se-
verity; ≤7 indicates no or minimal anxiety; 8-14, mild anxi-
ety; 15-23, moderate anxiety; and ≥24, severe anxiety26). The
HAM-A score was assessed by independent central raters using
the Structured Interview Guide for the Hamilton Anxiety Rating
Scale. The key secondary outcome was a dose-response
relationship27,28 assessed using the MCP-Mod method for
change in HAM-A score at 8 weeks.

Additional secondary outcomes included (1) change in
HAM-A score at weeks 1, 2, 4, 8, and 12; (2) change in depres-
sive symptom score (measured using the MADRS score; range,

0-60; higher scores indicate greater severity)29 at weeks
1, 2, 4, 8, and 12; and (3) change in clinician-rated illness
severity (measured using the Clinical Global Impression–
Severity [CGI-S] score; range, 1-7; higher scores indicate
more severe illness) at day 2 and at weeks 1, 2, 4, 8, and 12.
The rates of response (≥50% change [reduction] in HAM-A
score from baseline) and remission (HAM-A score ≤7) were
also explored. The effects of MM120 on functional disabil-
ity, quality of life, and sexual function were assessed
throughout the trial using the Sheehan Disability Scale, the
EuroQol 5-dimension 5-level questionnaire, the Pittsburgh
Sleep Quality Index, and the Arizona Sexual Experiences
Questionnaire. An entire list of prespecified outcomes
appears in Supplement 1.

Blinding of the participants and raters regarding treat-
ment allocation (active drug, placebo, or indiscernible) was as-
sessed using a 5-point questionnaire (range, 1 [positive they
received drug] to 5 [positive they received placebo]).30,31 Safety
and tolerability were evaluated through adverse event (AE)
monitoring, physical and neuropsychiatric examinations, vi-
tal signs, electrocardiographic monitoring, and laboratory tests.
Suicidal ideation and behavior were assessed at each visit using
the Columbia–Suicide Severity Rating Scale (C-SSRS).32

Statistical Analysis
Efficacy was analyzed in the full analysis set, which was com-
posed of all randomized participants with a HAM-A measure-
ment at baseline and at least 1 HAM-A measurement after
baseline. Safety was evaluated in all participants who were
randomized.

The primary outcome and the key secondary outcome were
evaluated using the MCP-Mod approach at the 5% signifi-
cance level, which integrates hypothesis testing with dose-
response modeling and is endorsed by regulatory agencies for
dose selection.33,34 The statistical significance of the candi-
date set of dose-response models was assessed separately at
week 4 (for the primary outcome) and at week 8 (for the key
secondary outcome).

Six candidate dose-response models were prespecified to
represent a range of plausible dose-response shapes (model
[model parameters]; sigmoid Emax [10,1], sigmoid Emax
[100,5], sigmoid Emax [100,10], sigmoid Emax [150,10],
Emax [100], and linear). The objective of the primary out-
come and the key secondary outcome was to statistically
detect a dose-response relationship, which was assessed
under strict type I error control at the 5% level using a hier-
archical gatekeeping testing procedure. Missing primary
end point data were imputed using multiple imputations
with 20 iterations.

Observations missing due to prohibited medication use
were assumed to be missing not at random and imputed using
placebo-based imputation. All other missing observations were
imputed under the assumption of missing at random. Both im-
putation models included all time points after baseline and
were implemented using the fully conditional specification
framework with predictive mean matching. Baseline was in-
cluded as a covariate and treatment group was incorporated
either by stratification or as a model variable.
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To achieve a mean power greater than 87% for the MCP-
Mod approach analysis, 200 participants were planned to yield
at least 180 evaluable end points after any dropouts. A placebo-
adjusted difference of 2.5 points for change in HAM-A score
was used as the threshold (minimal clinically important dif-
ference of 2.5 points) for determining the minimally effica-
cious dose.35 Statistical significance was set at an α level of .05.
The estimated dose-response curve was derived using an
Akaike information criterion–weighted average of the top 3
dose-response models.

Change in HAM-A score from baseline was analyzed using
an analysis of covariance model adjusted for the baseline val-
ues and treatment group without imputation (observed cases
only). The analysis of covariance was summarized using least-
squares means (with 95% CIs) and least-squares mean differ-
ences (with 95% CIs) vs placebo. Cohen d was calculated as the
bias-corrected least-squares estimate of the treatment differ-
ence in changes from baseline to a given time point (from an
analysis of covariance model), divided by the pooled SD of ob-
served values at the same time point from a given active dose
group and the placebo group.

Other secondary efficacy outcomes were analyzed using
2-sample t tests. For a given end point and time point, 4 t tests
were used to compare changes from baseline for each MM120
dose group vs placebo. For the secondary outcomes focused on
functional disability, the changes from baseline were analyzed
descriptively. The categorical data were summarized and pre-
sented as counts and percentages without statistical testing.

All analyses were conducted using SAS version 9.4 (SAS
Institute Inc) and the Dose Finding R package version 1.1-1
(R Foundation for Statistical Computing). Additional details ap-
pear in the statistical analysis plan (Supplement 2).

Results
Participants
Between August 24, 2022, and August 30, 2023, a total of 554
participants were screened; of these, 198 were randomized and
received a single (freebase equivalent) treatment dose with 25 μg
(n = 39), 50 μg (n = 40), 100 μg (n = 40), or 200 μg (n = 40) of
MM120 or placebo (n = 39) (Figure 1). Of the 198 participants ran-
domized, 194 were included in the full analysis set (mean age,
41.3 [SD, 13.6] years; 56.7% were female; and 3.6% were Asian,
7.7% were Black or African American, and 83.0% were White)
(Table 1). The full analysis set was composed of all randomized
participants with a HAM-A measurement at baseline and at least
1 HAM-A measurement after baseline.

At screening, 84% of participants required tapering pro-
hibited medications, 16% were treatment-naive, and 18% were
receiving psychotherapy at the time of enrollment; psycho-
therapy was allowed to continue through the trial. Of the par-
ticipants who required tapering prohibited medications, 43%
were taking serotonin reuptake inhibitors, 34% were taking
benzodiazepines, and 19% were taking antipsychotics or an-
tiepileptics. Participants may have tapered multiple medica-
tions. The mean HAM-A scores at baseline were equivalent
across groups (score range, 29.3-31.0).

Efficacy
A significant MM120 dose-response relationship was demon-
strated at both week 4 (primary outcome) and week 8 (key sec-
ondary outcome) based on changes from baseline in HAM-A
score. The MCP-Mod procedure was applied at the 5% signifi-
cance level, and statistically significant dose-response mod-
els were identified separately for each time point.

At week 4, the adjusted critical value was 2.032 and the
candidate dose-response models of sigmoid Emax 1 through
4, Emax, and linear observed absolute test statistics of 3.294,
3.149, 3.133, 1.448, 3.471, and 2.971, respectively. Therefore, 5
of the 6 models, including the linear, Emax, and multiple sig-
moid Emax variants, met the significance threshold. Among
these, the Emax model and 2 sigmoid Emax models were iden-
tified as the best fitting based on having the largest test sta-
tistic and achieving model convergence.

At week 8, the adjusted critical value was 2.041 and the
candidate dose-response models of sigmoid Emax 1 through
4, Emax, and linear observed absolute test statistics of
2.099, 2.922, 2.938, 2.254, 2.690, and 2.778, respectively.
Therefore, all 6 models met the significance threshold, with
the linear, Emax, and sigmoid Emax models selected as the best
fitting. These selected models at each time point were incor-
porated into an Akaike information criterion–weighted model-
averaging procedure to estimate the dose-response curve and
calculate the minimally efficacious dose, which was found to
be between 56.7 μg and 85.1 μg (eFigure 2 in Supplement 3).

For the primary outcome, the dose-response relationship
assessed using the MCP-Mod method for change in HAM-A
score at week 4 was statistically significant for the 100-μg and
the 200-μg dose groups vs placebo (least-squares mean dif-
ference, −5.0 points [95% CI, −9.6 to −0.4 points] with 100 μg
of MM120 and −6.0 points [95% CI, −9.8 to −2.0 points] with
200 μg of MM120) but the 25-μg and 50-μg dose groups did
not reach significance vs placebo (least-squares mean differ-
ence, −1.2 points [95% CI, −6.0 to 3.5 points] with 25 μg of
MM120 and −1.8 points [95% CI, −7.6 to 4.0 points] with 50 μg
of MM120) (Table 2).

For the key secondary outcome, the dose-response rela-
tionship assessed using the MCP-Mod method for change in
HAM-A score at week 8 was statistically significant for the
100-μg and the 200-μg dose groups vs placebo (least-squares
mean difference, −2.9 points [95% CI, −5.4 to −0.5 points] with
100 μg of MM120 and −5.4 points [95% CI, −9.5 to −1.4 points]
with 200 μg of MM120) but the 25-μg and 50-μg dose groups
did not reach significance vs placebo (least-squares mean dif-
ference, −0.8 points [95% CI, −1.7 to 0.2 points] with 25 μg of
MM120 and −1.4 points [95% CI, −3.1 to 0.2 points] with 50 μg
of MM120) (Table 2).

The mean changes from baseline for the HAM-A, CGI-S, and
MADRS scores appear in eFigure 3 in Supplement 3. To en-
hance interpretation, the raw per participant changes from
baseline in HAM-A score appear in Figure 2. The mean changes
from baseline in the HAM-A, CGI-S, and MADRS scores ap-
pear in Figure 3.

The secondary outcome analyses demonstrated that the
100-μg and 200-μg dose groups yielded statistically signifi-
cant reductions in HAM-A score compared with placebo at
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week 4 (Table 2, Figure 3A, and eFigure 3A in Supplement 3),
which was consistent with estimates of the minimally effica-

cious dose (eFigure 2 in Supplement 3). For the secondary out-
come at week 4, the 100-μg and the 200-μg dose groups

Table 1. Baseline Demographics and Disease Characteristics of Participants in the Full Analysis Seta

MM120 (lysergide D-tartrate)b

Placebo (n = 39)b25 μg (n = 39) 50 μg (n = 36) 100 μg (n = 40) 200 μg (n = 40)
Age, median (IQR), y 35 (30.5-43.0) 47 (33.0-57.3) 41 (29.0-55.5) 38.5 (33.8-55.0) 37 (28.5-47.5)

Sex

Female 20 (51.3) 20 (55.6) 16 (40.0) 28 (70.0) 26 (66.7)

Male 19 (48.7) 16 (44.4) 24 (60.0) 12 (30.0) 13 (33.3)

Racec

American Indian or Alaska Native 0 0 0 0 0

Asian 1 (2.6) 3 (8.3) 0 1 (2.5) 2 (5.1)

Black or African American 3 (7.7) 2 (5.6) 1 (2.5) 3 (7.5) 6 (15.4)

Native Hawaiian or Other Pacific Islander 0 0 0 0 0

White 33 (84.6) 29 (80.6) 36 (90.0) 33 (82.5) 30 (76.9)

Multiple selectionsd 1 (2.6) 0 1 (2.5) 1 (2.5) 0

Othere 1 (2.6) 2 (5.6) 2 (5.0) 1 (2.5) 1 (2.6)

Ethnicityc

Hispanic or Latino 5 (12.8) 6 (16.7) 6 (15.0) 6 (15.0) 8 (20.5)

Not Hispanic or Latino 34 (87.2) 29 (80.6) 34 (85.0) 34 (85.0) 31 (79.5)

Not reported 0 1 (2.8) 0 0 0

Time from diagnosis of generalized anxiety
disorder, median (IQR), y

7.0 (3.2-14.0) 12.9 (6.0-17.4) 11.2 (3.1-20.3) 11 (5.8-20.7) 11.0 (4.5-18.8)

Hamilton Anxiety Rating Scale score, mean (SD)f 30.2 (6.1) 30.3 (5.7) 29.3 (6.4) 31.0 (7.0) 30.3 (6.6)

Clinical Global Impression–Severity score,
mean (SD)g

4.9 (0.8) 4.9 (0.6) 4.8 (0.8) 5.1 (0.7) 4.9 (0.6)

Montgomery-Åsberg Depression Rating Scale
score, mean (SD)h

25.4 (7.6) 27.7 (8.3) 26.5 (8.0) 28.9 (8.3) 27.6 (9.7)

Continued psychotherapy during triali 3 (7.7) 11 (27.5) 5 (12.5) 7 (17.5) 9 (23.1)

Comorbid psychiatric disorder with >10%
incidence in any group

Agoraphobia 4 (10.3) 6 (16.7) 2 (5.0) 4 (10.0) 3 (7.7)

Attention-deficit/hyperactivity disorder 5 (12.8) 8 (22.2) 6 (15.0) 6 (15.0) 4 (10.3)

Depression 10 (25.6) 9 (25.0) 12 (30.0) 16 (40.0) 8 (20.5)

Insomnia 2 (5.1) 5 (13.9) 5 (12.5) 6 (15.0) 4 (10.3)

Major depression 12 (30.8) 17 (47.2) 18 (45.0) 15 (37.5) 17 (43.6)

Panic disorder 5 (12.8) 4 (11.1) 2 (5.0) 5 (12.5) 7 (17.9)

Social anxiety disorder 6 (15.4) 5 (13.9) 4 (10.0) 5 (12.5) 9 (23.1)

Type of substance use during lifetimei

Any 11 (28.2) 9 (22.5) 12 (30.0) 13 (32.5) 10 (25.6)

Cannabis 1 (2.6) 3 (7.5) 2 (5.0) 1 (2.5) 1 (2.6)

LSD 0 0 0 0 1 (2.6)

Medication taper at enrollment

Serotonin reuptake inhibitors (SSRIs or SNRIs) 25 (64.1) 28 (77.8) 21 (52.5) 16 (40.0) 25 (64.1)

Benzodiazepines 6 (15.4) 9 (25.0) 2 (5.0) 14 (35.0) 9 (23.1)

Abbreviations: LSD, lysergic acid diethylamide; SNRI, serotonin and
norepinephrine reuptake inhibitors; SSRI, selective serotonin reuptake inhibitor.
a Efficacy was analyzed in the full analysis set, which was composed of all

randomized participants with a Hamilton Anxiety Rating Scale score measured
at baseline and at least once after baseline.

b Data are expressed as No. (%) unless otherwise indicated.
c Participants self-reported race and ethnicity. Categories are from the 2020

US Census.
d Participants chose more than 1 race category.
e Participants chose other and indicated at least 1 unlisted race category.
f The score range is from 0 to 56; higher scores indicate greater severity of

anxiety symptoms. This measure was assessed by independent central

raters using the Structured Interview Guide for the Hamilton Anxiety Rating
Scale.

g The score range is from 1 to 7; higher scores indicate greater severity of illness
relative to the clinician’s experience with participants who have the same
diagnosis (determined by site-based raters).

h The score range is from 0 to 60; higher scores indicate greater severity of
depressive symptoms. The score was assessed by independent central raters
after assessing the Hamilton Anxiety Rating Scale score.

i Data in these categories were analyzed for safety reasons and the safety
population denominators were used for each group (the denominator was 39
for the 25-μg dose group and the placebo group and was 40 for the 50-, 100-,
and 200-μg dose groups).
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significantly reduced HAM-A score vs placebo (the least-
squares mean difference was −7.6 points [95% CI, −11.8 to −3.4
points; P < .001; Cohen d = 0.88] with 100 μg of MM120 and
was −5.5 points [95% CI, −9.7 to −1.3 points; P = .01; Cohen
d = 0.64] with 200 μg of MM120) (Table 2, Figure 3A, and eFig-
ure 3A in Supplement 3).

For the secondary outcome at week 8, compared with
placebo, the reduction in HAM-A score was shown with a
least-squares mean difference of −4.3 points (95% CI, −8.9 to
0.3 points; P = .06; Cohen d = 0.48) for 100 μg of MM120 and
the reduction was −5.5 points (95% CI, −10.2 to −0.8 points;
P = .02; Cohen d = 0.60) for 200 μg of MM120. At week 12,
compared with placebo, the reduction in HAM-A score was
shown with a least-squares mean difference of −7.7 points
(95% CI, −12.6 to −2.8 points; P = .003; Cohen d = 0.81) with
100 μg of MM120 and the reduction was −7.4 points (95% CI,
−12.4 to −2.4 points; P = .004; Cohen d = 0.77) with 200 μg
of MM120.

The secondary outcome of HAM-A response (defined by a
50% reduction in total score) at week 12 was achieved by 65.0%
of participants in the 100-μg dose group and by 62.5% in the
200-μg dose group compared with 30.8% of participants in the
placebo group and the remission rates at week 12 were 47.5%,
45.0%, and 20.5%, respectively (eFigure 4 and eTable 3 in
Supplement 3).

There were no significant reductions found in the second-
ary outcome analyses for the 25-μg and 50-μg dose groups for
change in HAM-A score compared with placebo at weeks 4
through 12. At week 4, compared with placebo, the reduction
in HAM-A score was shown with a least-squares mean differ-
ence of −3.4 points (95% CI, −7.7 to 0.9 points; P = .12) with 25
μg of MM120 and the reduction was −0.9 points (95% CI, −5.2
to 3.3 points; P = .66) with 50 μg of MM120. At week 8, com-

pared with placebo, the reduction in HAM-A score was shown
with a least-squares mean difference of −2.9 points (95% CI,
−7.6 to 1.8 points; P = .23) with 25 μg of MM120 and the reduc-
tion was 0.85 points (95% CI, −3.9 to 5.6 points; P = .72) with
50 μg of MM120. At week 12, compared with placebo, the re-
duction in HAM-A score was shown with a least-squares mean
difference of −4.3 points (95% CI, −9.3 to 0.8 points; P = .10)
with 25 μg of MM120 and the reduction was −3.2 points
(95% CI, −8.2 to 1.9 points; P = .22) with 50 μg of MM120.

The statistically significant improvements in illness se-
verity (measured using the CGI-S score) were observed on day
2 and at weeks 2 through 12 in the 100-μg and 200-μg dose
groups, but not in the 25-μg or 50-μg dose groups or in the pla-
cebo group. At week 1, all MM120 dose groups demonstrated
significant improvements, but the placebo group did not
(Figure 3B and Table 2 and eFigure 3B, eFigure 5, and eTable 4
in Supplement 3).

Significant improvement in depressive symptoms (as mea-
sured by MADRS score) was observed from weeks 1 through
12 in the 100-μg and 200-μg dose groups, but not in the 25-μg
and 50-μg dose groups (Figure 3C and Table 2 and eFigure 3C
and eTable 4 in Supplement 3).

The mean scores at baseline and at week 12 for the HAM-A,
the CGI-S, the Patient Global Impression of Severity, and the
MADRS appear in eTable 5 in Supplement 3. Additional sec-
ondary outcomes, including changes in scores for the Sheehan
Disability Scale, the EuroQol 5-dimension 5-level question-
naire, the Pittsburgh Sleep Quality Index, and the Arizona
Sexual Experiences Questionnaire appear in eTable 6 in Supple-
ment 3. The analyses of the treatment response by sex and
other participant characteristics were not conducted due to in-
sufficient statistical power to evaluate meaningful differ-
ences within dosing groups.

Figure 2. Primary Outcome of Change in Hamilton Anxiety Rating Scale Score From Baseline to Week 4
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the connected vertical line. Participants are ordered from left to right by
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Safety
The rate for 1 or more treatment-emergent adverse events
(TEAEs) was 76.9% in the 25 μg of MM120 group, was 90.0% in

the 50-μg group, was 97.5% in the 100-μg group, and was 100%
in the 200-μg group vs 56.4% in the placebo group (Table 3).
The rate for any treatment-related TEAE was 74.4% in the 25 μg

Figure 3. Secondary Outcomes of Mean Change From Baseline Through Week 12 for 3 Scale Scores
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within 1.5 times the IQR (whiskers),
and outliers (dots). The imputation
method is described in the Statistical
Analysis section of the text.
aThe score range is from 0 to 56;
higher scores indicate greater
severity of anxiety symptoms.
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of MM120 group, was 80.0% in the 50-μg group, was 95.0% in
the 100-μg group, and was 100% in the 200-μg group vs 41.0%
in the placebo group. Of all the AEs, 98.5% occurred on the dos-
ing day and most resolved by the end of the dosing session.

On the dosing days, the most frequent AEs reported in the
100-μg and 200-μg dose groups were visual perceptual changes
(illusion, pseudo-hallucination, hallucination) in 92.5% and
100% of participants, respectively, nausea in 40.0% and 60.0%,
headache in 35.0% and 27.5%, and euphoric mood in 27.5%
and 15.0%. Additional common (≥10% participants) AEs across
all treatment groups appear in eTable 7 in Supplement 3. Most
of the AEs were mild to moderate in severity; 2 severe AEs of
“feeling intoxicated” were reported on dosing day (1 partici-
pant each in the 50-μg and 100-μg dose groups), and both re-
solved by the end of the dosing session.

One SAE occurred during the study when a participant in
the 50-μg dose group was hospitalized for a panic attack that
occurred 97 days after the dosing day and was deemed unre-
lated to the study drug. Five participants (2.5%) withdrew due
to AEs (2 participants each in the 25-μg and 50-μg dose groups
and 1 participant in the 100-μg group).

No participants engaged in self-injurious or suicidal behav-
ior, which was assessed using the C-SSRS and AE reporting.
There were no reports of suicidal ideation with intent or a plan
during the sessions or throughout the trial. Participants with
a history of suicidal ideation showed no increase in severity.

Based on the C-SSRS assessments, suicidal ideation with
any methods (no plan) without intent to act was reported by
2 participants (1 in the 25 μg of MM120 group and 1 in the pla-
cebo group), both of whom had a history of similar or more se-
vere suicidal ideation compared with at screening. Addi-
tional details on these reports are provided at the end of the
eMethods in Supplement 3.

Resolution of acute effects from MM120 was observed in
more than 97% of participants at all MM120 doses by 12 hours
after the dose was administered (eFigure 6 in Supplement 3).
In the 100-μg dose group, 45.0% of participants met criteria
to safely end the session at 8 hours, 70.0% at 9 hours, 87.5%
at 10 hours, 90.0% at 11 hours, and 97.5% at 12 hours. All par-
ticipants remained at the study site until 12 hours after the dos-
ing session regardless of meeting criteria to safely end the ses-
sion per the trial protocol (Supplement 1).

Discussion
This trial was the first to assess the dose-dependent efficacy
of MM120 (LSD) without a co-occurring psychotherapeutic in-
tervention. The 100-μg dose of MM120 was determined to be
optimal, demonstrating a statistically significant change in GAD
that exceeded the changes seen with lower MM120 doses or
with placebo. A treatment effect emerged 1 day after the dosing

Table 3. Adverse Events (AEs) Reported in the Safety Population

No. (%)

MM120 (lysergide D-tartrate)

Placebo (n = 39)25 μg (n = 39) 50 μg (n = 40) 100 μg (n = 40) 200 μg (n = 40)
≥1 TEAEa 30 (76.9) 36 (90.0) 39 (97.5) 40 (100) 22 (56.4)

Any treatment-related TEAE 29 (74.4) 32 (80.0) 38 (95.0) 40 (100) 16 (41.0)

≥1 Serious TEAE 0 1 (2.5)b 0 0 0

Any TEAE leading to study withdrawal 2 (5.1)c 2 (5.0)d 1 (2.5)e 0 0

Severity of AE

Mild 18 (46.2) 14 (35.0) 15 (37.5) 12 (30.0) 12 (30.8)

Moderate 12 (30.8) 20 (50.0) 23 (57.5) 28 (70.0) 10 (25.6)

Severef 0 2 (5.0)g,h 1 (2.5)g 0 0

Most common AEsi

Visual perception changes (illusion, hallucination,
and pseudo-hallucination)

18 (46.2) 30 (75.0) 37 (92.5) 40 (100) 4 (10.3)

Nausea 3 (7.7) 11 (27.5) 16 (40.0) 24 (60.0) 3 (7.7)

Headache 5 (12.8) 9 (22.5) 14 (35.0) 11 (27.5) 9 (23.1)

Euphoric mood 2 (5.1) 5 (12.5) 11 (27.5) 6 (15.0) 1 (2.6)

Mydriasis 1 (2.6) 7 (17.5) 8 (20.0) 4 (10.0) 1 (2.6)

Hyperhidrosis 1 (2.6) 4 (10.0) 9 (22.5) 5 (12.5) 0

Abbreviation: TEAE, treatment-emergent adverse event.
a Defined as adverse events with an onset after the dose was administered or

events that were a consequence of a preexisting condition that worsened
after the baseline assessment.

b One participant (2.5%) experienced a panic attack (a serious adverse event)
on study day 97 that was later classified as not being related to treatment.

c One participant (2.5%) experienced anxiety or worsening of generalized anxiety
disorder symptoms and 1 (2.5%) participant experienced anxiety or anxiety
attacks.

d One participant (2.5%) experienced depression or worsening depression and 1
(2.5%) participant experienced anxiety or exacerbation of anxiety.

e One participant (2.5%) experienced exacerbation of attention-deficit/
hyperactivity disorder.

f Defined as “severe or medically significant but not immediately life-threatening;
hospitalization or prolongation of hospitalization indicated; disabling; limiting
self-care activities of daily life” and grade 3 or greater using the National Cancer
Institute Common Terminology Criteria for Adverse Events.

g One participant (2.5%) reported feeling intoxicated.
h One participant (2.5%) experienced depression.
i Additional data appear in eTable 7 in Supplement 3.
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day and persisted through week 12. Most participants who re-
ceived 100 μg of MM120 experienced mild to moderate AEs,
including perceptual changes and nausea. The 200-μg dose of
MM120 was associated with more frequent AEs without im-
provements in efficacy. These findings support the selection
of 100-μg dose of MM120 for pivotal trials to assess its effi-
cacy, durability, and safety in the treatment of GAD.

The 100-μg dose of MM120 demonstrated the highest clini-
cal activity at the primary end point. In a meta-analysis35 of
21 placebo-controlled trials of available pharmacotherapies
for GAD, the overall effect size was a Cohen d of 0.39 (Cohen
d = 0.36 for selective serotonin reuptake inhibitors and Cohen
d = 0.38 for benzodiazepines). In a meta-analysis10 of psycho-
therapies for GAD, the pooled effect size was a Cohen d of 0.76;
however, evidence of publication bias was noted.

The 100-μg dose of MM120 demonstrated an acute thera-
peutic benefit, with a significant change from baseline to day 2
for the CGI-S score; this change was sustained through week 12.
Benzodiazepines provide comparative acute efficacy in the treat-
ment of GAD but require repeat dosing to prolong their effects
and are associated with dependence and safety concerns.9

Many patients with GAD have comorbid depressive
symptoms.5 Among the participants in the current study, who
were enrolled based on a primary diagnosis of GAD, many re-
ported experiencing depressive symptoms. Based on the MADRS
score results, the 100-μg dose of MM120 showed a rapid onset
of changes in depressive symptoms at week 1 and at week 12.36

In the current study, MM120 had an AE profile that was
consistent with previous LSD studies.16,21,23 Most partici-
pants experienced mild or moderate AEs on the dosing day, in-
cluding expected perceptual, affective, and somatic effects that
resolved within the 12-hour dosing session and observation pe-
riod. Severe AEs were uncommon. No active or worsening sui-
cidal ideation, suicidal behavior, or drug-related serious AEs
were observed. Additional information appears at the end of
the eMethods in Supplement 3. Studies of the mechanism by
which MM120 and other drugs in this category might induce
the duration of changes that we observed in the current study
suggest the role of increased postdose neuroplasticity in sev-
eral brain regions, including the prefrontal cortex.37

Limitations
Several study limitations should be considered. First, to mini-
mize confounding from psychotherapeutic effects, study-
specific training emphasized that dosing session monitors
should not engage in psychotherapeutic interventions be-
fore, during, or after the session. Two dosing session moni-
tors were present at all times during the dosing session to pro-
mote protocol adherence and further prevent intentional or
inadvertent psychotherapy. Despite dosing session monitors
explicitly not providing a systematic psychotherapeutic inter-
vention, confounding effects of interpersonal interactions re-
main a possibility. Further details on the training of the dos-
ing session monitors appear in the eMethods in Supplement 3.
Although the dosing session monitors were not assessed for a
personal history related to psychedelics, it is possible that if
such a history were present, it could inform their interactions
with participants and further affect the outcomes.

Second, the perceptible drug effects of MM120 may have
led to unblinding, which could have influenced the out-
comes. All doses of MM120 produced transient perceptual, cog-
nitive, and emotional effects leading to participant unblind-
ing. To mitigate the effects of rater unblinding, independent
central raters blinded to the protocol, treatment allocation, and
visit number assessed the primary efficacy outcome. Central
rater blinding was preserved in more than 80% of HAM-A
assessments,31 despite approximately 85% of participants cor-
rectly identifying assignment to active treatment. In addi-
tion, even though more than 65% of participants accurately
identified their assignment as placebo recipients, a robust pla-
cebo effect was observed that was comparable with or ex-
ceeded trials of anxiolytics.38 Despite unblinding occurring at
all doses, the 2 lower doses of MM120 did not demonstrate ef-
ficacy, suggesting the observed score changes with the higher
doses were not the result of participant unblinding. Although
participant unblinding is frequently raised as a substantial limi-
tation in trials of psychedelic drugs due to the nature of the
perceptual effects,39 it is also observed in other psychiatric drug
classes.40,41 Even though participants with recent or exces-
sive lifetime psychedelic drug use were excluded per the trial
protocol, and the enrolled population was well matched to
population estimates for lifetime psychedelic use, the total
number of enrolled participants with a history of drug expe-
rience was not analyzed, presenting the possibility that a par-
ticipant’s personal history could influence their expectancy,
unblinding, or measured efficacy.

Third, the primary outcome and key secondary outcome
were strictly controlled for type I error, but the other hypoth-
esis tests were not adjusted for multiple comparisons. Fourth,
the dropout rate, though similar across groups, was slightly
higher than in studies of similar molecules.17,18 This higher drop-
out rate may be due to the 12-week duration of the trial, the re-
quired discontinuation of GAD medications, and the absence
of an extension phase with opportunities for open-label treat-
ment. Fifth, the participants were physically healthy with lim-
ited psychiatric comorbidities, potentially enhancing the tol-
erability of transient AEs. Sixth, the process of tapering
participants from prohibited psychoactive medications en-
sured MM120 was assessed as a monotherapy; however, we did
not address concomitant use of other pharmacotherapies.

Seventh, some participants engaged in psychotherapy out-
side the trial, which may have affected dosing-day experi-
ences and efficacy outcomes, though this was the case for only
18% of participants. Eighth, the study population was inclu-
sive in terms of sex and age but was racially and ethnically less
diverse than the general population of people with GAD. The
results may not accurately represent the effects of MM120 in
a more diverse population.

Conclusions
In participants with moderate to severe GAD, a single dose of
MM120 produced a dose-dependent reduction in anxiety.
These results support the dose-dependent efficacy of MM120
and inform the dose selection for phase 3 pivotal trials.
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