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Visual Abstract
IMPORTANCE Psilocybin shows promise as a treatment for major depressive disorder (MDD). [& Editorial page 813

OBJECTIVE To evaluate the magnitude, timing, and durability of antidepressant effects and Multimedia

safety of a single dose of psilocybin in patients with MDD.
Supplemental content

DESIGN, SETTING, AND PARTICIPANTS In this phase 2 trial conducted between December 2019
and June 2022 at 11 research sites in the US, participants were randomized in a 1:1 ratio to
receive a single dose of psilocybin vs niacin placebo administered with psychological support.
Participants were adults aged 21to 65 years with a Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition diagnosis of MDD of at least 60 days' duration and moderate or greater
symptom severity. Exclusion criteria included history of psychosis or mania, active substance
use disorder, and active suicidal ideation with intent. Participants taking psychotropic agents
who otherwise met inclusion/exclusion criteria were eligible following medication taper.
Primary and secondary outcomes and adverse events (AEs) were assessed at baseline
(conducted within 7 days before dosing) and at 2, 8, 15, 29, and 43 days after dosing.

CME Quiz at
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INTERVENTIONS Interventions were a 25-mg dose of synthetic psilocybin or a 100-mg dose of
niacin in identical-appearing capsules, each administered with psychological support.

MAIN OUTCOMES AND MEASURES The primary outcome was change in central rater-assessed
Montgomery-Asberg Depression Rating Scale (MADRS) score (range, 0-60; higher scores
indicate more severe depression) from baseline to day 43. The key secondary outcome
measure was change in MADRS score from baseline to day 8. Other secondary outcomes
were change in Sheehan Disability Scale score from baseline to day 43 and MADRS-defined
sustained response and remission. Participants, study site personnel, study sponsor, outcome
assessors (raters), and statisticians were blinded to treatment assignment.

RESULTS A total of 104 participants (mean [SD] age, 41.1 [11.3] years; 52 [50%] women) were
randomized (51 to the psilocybin group and 53 to the niacin group). Psilocybin treatment was
associated with significantly reduced MADRS scores compared with niacin from baseline to
day 43 (mean difference,~12.3 [95% Cl, -17.5 to -7.2]; P <.001) and from baseline to day 8
(mean difference, -12.0 [95% Cl, -16.6 to -7.4]; P < .001). Psilocybin treatment was also
associated with significantly reduced Sheehan Disability Scale scores compared with niacin
(mean difference, -2.31[95% Cl, 3.50-1.11]; P < .001) from baseline to day 43. More
participants receiving psilocybin had sustained response (but not remission) than those
receiving niacin. There were no serious treatment-emergent AEs; however, psilocybin
treatment was associated with a higher rate of overall AEs and a higher rate of severe AEs.

CONCLUSIONS AND RELEVANCE Psilocybin treatment was associated with a clinically
significant sustained reduction in depressive symptoms and functional disability, without
serious adverse events. These findings add to increasing evidence that psilocybin—when

administered with psychological support—may hold promise as a novel intervention for MDD.
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nterest in the therapeutic potential of the psychedelic psi-

locybin has skyrocketed in recent years, spurred in part

by increasing awareness of the limitations of currently
approved pharmacological treatments for major depressive
disorder (MDD)"* and in part by recent studies suggesting
that psilocybin engenders a rapid antidepressant response
that far outlasts the presence of the drug in the body.®!®
However, recent critiques highlight notable limitations in
many of these studies,'®!° including small sample sizes,
assessments by raters likely to be functionally unblinded, an
open or waitlist comparator design, and an inadequate
assessment of adverse events (AEs). Larger recent studies
have addressed these issues to various degrees, but report
primary end points of short duration,'*-!> leaving open the
question of the long-term clinical utility of psilocybin for an
often chronic condition such as MDD.

The current study seeks to address these issues using a ran-
domized, multiblinded design that compared a single dose of
psilocybin with an active placebo comparator (niacin), with out-
come assessments conducted by blinded centralized raters to
examine the timing of onset of action, durability of benefit, and
safety profile of psilocybin over a 6-week period.

Methods

Study Design Overview and Oversight

This randomized, 2-group, phase 2 clinical trial was designed
to evaluate the efficacy of psilocybin vs niacin (active pla-
cebo) administered with psychological support in patients with
MDD. The trial was conducted at 11 US sites from December
2019 to June 2022 (list of sites provided in eTable 1in Supple-
ment 3). The study was conducted in accordance with the
International Conference on Harmonization Good Clinical
Practice Guideline. Participants provided written informed con-
sent before engaging in study-specific procedures. The pro-
tocol was approved by a central institutional review board
(Western Institutional Review Board Copernicus Group)
and/or site institutional review boards. The trial protocol is
available in Supplement 1 and the statistical analysis plan
is available in Supplement 2.

Participants

Recruitment occurred through a study-specific website, clini-
cal programs at participating institutions, advertisements,
and national clinician-focused and patient-advocate list-
servs. Eligible participants were medically healthy adults
aged 21 to 65 years who met Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition (DSM-5) criteria for MDD
with a current depressive episode of at least 60 days assessed
by the Structured Clinical Interview for DSM-5 Disorders Clini-
cal Version.2° Participants were required to have a central
rater-assessed Montgomery-Asberg Depression Rating Scale
(MADRS) total score greater than or equal to 28 at screening,
with less than or equal to 30% improvement in MADRS score
during a 7- to 35-day period to allow for a psychiatric medica-
tion taper if indicated (including not receiving antidepres-
sants for >2 weeks or 5 half-lives, whichever was longer), to
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Key Points

Question What are the efficacy and safety of psilocybin in
patients with major depressive disorder?

Findings In a randomized, placebo-controlled, 6-week trial in 104
adults, a 25-mg dose of psilocybin administered with psychological
support was associated with a rapid and sustained antidepressant
effect, measured as change in depressive symptom scores,
compared with active placebo. No serious treatment-emergent
adverse events occurred.

Meaning A 25-mg dose of psilocybin was well tolerated and may
hold promise as a treatment for major depressive disorder when
combined with psychological support.

ensure randomized participants met criteria for moderate to
severe MDD at the baseline assessment. Additional exclusion
criteria included personal or first-degree family history of
psychosis or mania, moderate/severe alcohol or drug use dis-
order, being unable/unwilling to discontinue prohibited psy-
chotropic medications, use of a psychedelic drug in the past 5
years or more than 10 lifetime uses, active suicidal ideation
with intent or plan, or suicidal behavior in the past 12
months. There were no exclusions for number of prior
depressive episodes, length of current episode, maximum
symptom severity, or number of previous pharmacological or
behavioral treatments, with the exception of history of deep
brain or vagus nerve stimulation, which were exclusionary as
a proxy for severe treatment resistance. See the study proto-
col in Supplement 1 for a full list of inclusion and exclusion
criteria. Participants were queried regarding demographic
information by site personnel; race and ethnicity were col-
lected in accordance with the US Food and Drug Administra-
tion guidance document Collection of Race and Ethnicity Data
in Clinical Trials.?!

Study Procedures

Following the 7- to 35-day screening period to allow for a medi-
cation taper if needed, participants who continued to meet eli-
gibility criteria completed baseline assessments followed by
6 to 8 hours of preparation. On the day of dosing (ie, receipt
of the intervention), eligible participants were randomized in
a 1:1 ratio using permuted blocks with random block sizes of
2, 4, and 6, with randomization stratified by site, to receive a
single 25-mg oral dose of psilocybin or 100-mg dose of nia-
cin. Randomization was administered centrally by the study’s
clinical research organization via the Advantage eClinical data
system. Statistical programs generated for randomization by
unblinded statistical staff at the clinical research organiza-
tion included a master medication list program that gener-
ated arandom blinded bottle number code and associated treat-
ment for each bottle and a treatment assignment program that
assigned participants to a treatment. Bottles were labeled by
the drug distributor with a blinded bottle number prior to dis-
tribution to sites. On the day of dosing, after participants were
confirmed to be eligible, the data system identified the par-
ticipant’s treatment assignment based on the treatment table.
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The data system then identified a bottle shown to be avail-
able on site containing the appropriate treatment. Only the
blinded bottle number was then displayed to site staff for treat-
ment administration.

Niacin was used as an active placebo that produces an acute
physiological response (flushing) thought to aid in blinding.®22
Study drug administration occurred on the same day as ran-
domization (day 1), no later than 7 days following the base-
line assessment. Postdosing assessments were conducted on
days 2, 8,15, 29, and 43. Participants, study sponsor, and study
site personnel were blinded to treatment group until unblind-
ing following data lock.

Study drugs were administered within a “set and setting”
protocol?® that was identical for participants randomized to
receive either psilocybin or niacin placebo and that included
(1) 6 to 8 hours of preparatory sessions with 2 facilitators be-
tween the baseline assessment and the day of dosing, (2) a 7-
to 10-hour dosing session conducted in a comfortable room un-
der the supervision of the same facilitators, and (3) 4 hours of
postdose integration sessions during which participants were
invited to discuss their dosing experience with the facilita-
tors. All set and setting sessions (eg, preparatory, dosing,
integration) were protocolized and communicated via
instructions in a manual for clinical facilitators. During the
dosing session, participants were encouraged to wear eye-
shades and listen to a curated playlist on headphones. Lead
facilitators were doctoral-level psychologists or physicians
with MDD treatment experience and co-facilitators held a
minimum of a bachelor’s degree in a mental health-related
field. All facilitators completed study-specific training prior
to engaging with participants.

Efficacy Assessments
The primary study outcome was between-group difference in
mean change of central rater-assessed MADRS score from base-
line to day 43. MADRS is a 10-item scale with a scoring range of
0to 60, with higher scores indicating more severe depression.*
A minimal clinically important difference (MCID) in change in
MADRS score was not prespecified, although depression trial
literature supports a placebo-adjusted change in score as low
as 2 and as high as 9 and an absolute change from pretreat-
ment of 6 as clinically meaningful and a change of 12 as clini-
cally substantial.?>?° To reduce the risk of functional unblind-
ing of raters, all MADRS assessments, including those at
screening and baseline, were conducted via telephone?”-2€ by
trained, remote central raters who maintained interrater reli-
ability and were blinded to participant treatment assignment,
study visit, and the specifics of the protocol and study design.
The key secondary outcome was change in total MADRS
score from baseline to day 8. Additional secondary outcomes
included change in Sheehan Disability Scale (SDS) score from
baseline to day 43 and proportion of participants with a sus-
tained depressive symptom response, defined a priori as at least
a 50% reduction from baseline MADRS score at days 8, 15, 29,
and 43, and sustained depressive symptom remission, de-
fined a priori as MADRS score less than or equal to 10 at days
8,15, 29, and 43. The SDS comprises self-rated items that mea-
sure the extent to which psychiatric symptoms have im-
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paired functioning in patients’ work/school, social, and family/
home responsibilities. Scores for each section range from O to
10,2° and the total score was calculated as the mean score of
all 3 sections. No MCID is defined for active vs control inter-
ventions. If the work/school section was not applicable, the
mean score was calculated as the mean of social life and family/
home responsibilities. Administration of the SDS at baseline
and postdosing assessments was overseen by trained and
blinded site raters.

Exploratory outcomes included scores on the Clinical
Global Impressions Scale, Hamilton Anxiety Rating Scale,
Quality of Life Enjoyment and Satisfaction Questionnaire,
Symptoms of Major Depressive Disorder Scale, and the Oxford
Depression Questionnaire (to assess emotional blunting). These
exploratory assessments were completed by self-report over-
seen by blinded and trained site raters at baseline and all post-
dosing assessments.

Safety Assessments

AEs were collected from enrollment through the end of study
and were graded for severity, seriousness, and relationship to
study product by site principal investigators. Treatment-
emergent AEs (TEAEs) were considered any AE that occurred
after drug administration. Among TEAESs, an AE was classi-
fied as “related” if there was a reasonable possibility that the
study drug caused the event as judged by site principal inves-
tigators. Solicited adverse events included (1) active suicidal
ideation assessed with the Columbia Suicide Severity Rating
Scale (C-SSRS) administered by site personnel or MADRS
item 10 and verified by clinical assessment, (2) elevated
blood pressure or heart rate requiring medication, (3) drug
overdose with suicidal intent, (4) headache, (5) nausea, and
(6) visual perceptual effects. Serious AEs were classified as
those resulting in any of a list of negative health outcomes
(eg, death, inpatient hospitalization, significant or persistent
incapacity, congenital birth defect/abnormality) following the
standard definition.3°

Statistical Analysis
The US Food and Drug Administration initially recom-
mended day 8 as the primary end point, so the study was pow-
ered on the assumption of a mean change in MADRS score from
baseline to day 8 of 18 points and from baseline to day 43 of 17
points in the psilocybin group. In the niacin group, a mean
change in MADRS score of 10 points was assumed for all post-
dosing assessments. An SD of 10 points was assumed for both
groups. With the expectation of a 5% dropout rate by day 8 and
an additional 7.5% dropout rate by day 43 and 2-sided a of .05,
asample size of 100 participants resulted in 92% power for the
primary day 43 end point and 98% power for the key second-
ary day 8 end point. The US Food and Drug Administration sub-
sequently recommended changing the primary end point to
day 43; in response, the sample size was increased from 80 to
100 to account for additional dropout expected with the longer-
term primary outcome follow-up.

The primary efficacy analysis was a de facto estimand con-
ducted on the intent-to-treat (ITT) population that included all
randomized participants analyzed according to randomized
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Figure 1. Participant Flow in a Study of Single-Dose Psilocybin Treatment for Major Depressive Disorder

1529 Assessed for eligibility?

1425 Excluded

1182 Excluded at telephone screening
240 Excluded at screening after providing
informed consent
195 Did not meet eligibility criteria
32 Voluntary withdrawal by participant
7 Lost to follow-up
3 Voluntary withdrawal by investigator
3 Other
3 Excluded at early preparation phase
2 Voluntary withdrawal by investigator
1 Voluntary withdrawal by participant

104 Randomized

51 Randomized to receive psilocybin®
50 Received intervention as randomized

53 Randomized to receive niacin and
received intervention as randomized

1 Did not receive intervention as
randomized

51 Completed day 8 assessment visit

50 Completed day 43 assessment visit
1 Lost to follow-up before day 43

48 Completed day 8 assessment visit
1 Lost to follow-up before day 8
2 Missed day 8 visit
2 Incomplete day 8 visit

42 Completed day 43 assessment visit
9 Lost to follow-up before day 43
2 Incomplete day 43 visit

2 Includes all potential participants
from the point of telephone
screening.

®One participant randomized to
receive psilocybin received niacin
and was included in the niacin group

!

for the safety population.

51 Included in the intent-to-treat analysis

45 Included in the per-protocol analysis
6 Excluded from the per-protocol analysis®

50 Received psilocybin and were included
in the safety analysis

in the safety analysis

53 Included in the intent-to-treat analysis

36 Included in the per-protocol analysis
17 Excluded from the per-protocol analysis?

54 Received niacin and were included

€ Reasons for exclusion included
missing day 8 or day 43 central rater
Montgomery-Asberg Depression
Rating Scale assessments or major
protocol deviations.

See eFigure 1in Supplement 3 for

additional details.

treatment group. Analyses of other efficacy outcomes used a
similar approach. The per-protocol (PP) population included
a subset of the ITT population that received study drug, com-
pleted day 8 and day 43 MADRS assessments, and had no ma-
jor protocol deviations affecting the primary or secondary out-
comes. The safety population included all randomized
participants who received a study drug. Safety data were ana-
lyzed according to the intervention received.

Analysis of continuous outcomes used a mixed-effects
model for repeated measures with an unstructured covari-
ance matrix, adjusted for the baseline score of the relevant
outcome assessment, site, sex, and treatment-resistant
depression (TRD) status as fixed effects with no imputation
of missing data. Time was included as a categorical variable,
and a treatment x time effect was included to evaluate
between-group differences in mean scores at each point.
Sensitivity analyses using multiple imputation methods
were run for the primary and key secondary outcomes. Sus-
tained depressive symptom response and remission were
assessed using logistic regression models adjusted for sex
and TRD, with site excluded due to low participant counts at
some sites resulting in model convergence issues. In addi-
tion to odds ratios (ORs) with 95% ClIs, absolute differences
with 95% CIs were also calculated.

JAMA September5,2023 Volume 330, Number 9

A sequential significance testing procedure was used to con-
trol the overall a level at .05 for primary and secondary end
points. Two-sided tests were used in the following prespeci-
fied order with testing halted the first time the null hypothesis
isnotrejected (ie, first Pvalue 2.05): change in MADRS score from
baseline to day 43, change in MADRS score from baseline to day
8, change in SDS score from baseline to day 43, sustained de-
pressive symptom response, and sustained depressive symp-
tom remission. No procedure for a-level control was applied for
exploratory end points, therefore Pvalues reported for these out-
comes in eTables 4-8 in Supplement 3 should be considered
nominal (ie, not adjusted for multiple comparisons).

Incidence of AEs was summarized using counts, percent-
ages, and Clopper-Pearson 95% Cls for the following protocol-
defined study periods: enrollment through day 43, dosing
(day 1) through day 9, and day 10 through day 43. Relative in-
cidence for TEAEs was calculated by dividing the percentage
of participants experiencing an event in the psilocybin treat-
ment group by the percentage in the niacin group and were pre-
sented with Wald 95% Cls. Percent difference in AEs between
groups with 95% CIs were also calculated.

All statistical analyses were performed using SAS, ver-
sion 9.4 (SAS Institute). See the statistical analysis plan in
Supplement 2 for additional details.

jama.com
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. |
Results

Participants

Among 1529 potential participants who completed prescreen-
ing, 347 signed informed consent, 240 were excluded at screen-
ing, 3 were excluded prior to randomization, and 104 were ran-
domized, received the study drug, and comprised the ITT
population (51 in the psilocybin group and 53 in the niacin
group) (Figure 1). Median (IQR) time between enrollment and
randomization on the morning of dosing was comparable for
the 2 groups (28 [21-36] days for psilocybin and 28 [20-35] days
for niacin). Enrollment by study site is detailed in eTable 1in
Supplement 3.

One participant randomized to receive psilocybin re-
ceived the incorrect treatment, resulting in 50 participants re-
ceiving psilocybin and 54 receiving niacin. Baseline charac-
teristics of the ITT population are provided in Table 1. Mean
(SD) participant age was 40.4 (10.9) years in the psilocybin
group and 41.8 (11.7) years in the niacin group; half were men
and the majority (89%) were White. Ten participants (19.6%)
in the psilocybin group and 13 (24.5%) in the niacin group re-
ported previous lifetime use of a psychedelic. Median (IQR)
length of the current depressive episode was 53 (25-135) weeks
for psilocybin vs 81 (26-145) weeks for niacin; 4 participants
(8%) in the psilocybin group vs 10 (19%) in the niacin group
were experiencing a first episode (the remainder were expe-
riencing a recurrent disorder). Seven participants in the psi-
locybin group vs 6 in the niacin group (12.5% of the ITT sample)
met criteria for TRD. The median (IQR) number of prior phar-
macologic treatments in the current episode was 1 (0-2) for both
groups. Fifteen participants (29%) in the psilocybin group and
8 (15%) in the niacin group completed a medication taper prior
to dosing. By 6 weeks, 1 participant in the psilocybin group and
9 in the niacin group had withdrawn or been lost to follow-
up; 3 participants in the psilocybin group and 3 in the niacin
group started antidepressant medication prior to study comple-
tion at day 43, of whom 2 participants in the psilocybin group
and 1in the niacin group also commenced psychotherapy prior
to study completion. No participants withdrew due to an AE.

Efficacy

The psilocybin-treated group showed greater change vs nia-
cinin central rater-assessed MADRS score from baseline to day
43 (mean difference, -12.3 [95% CI, -17.5 to -7.2]; P <.001)
(Table 2 and Figure 2) and from baseline to day 8 (key second-
ary end point) (mean difference, -12.0 [95% CI, -16.6 to -7.4];
P < .001). Similar results were observed for day 15 and day 29
(Figure 2) and in multiple imputation sensitivity analyses ac-
counting for missing data (1 psilocybin and 9 niacin partici-
pant measures missing and imputed at day 43 and O psilocy-
bin and 3 niacin participant measures missing and imputed at
day 8; see eTable 2 and eAppendix in Supplement 3 for full de-
tails). More participants receiving psilocybin than niacin had
sustained depressive symptom response (20/48 [42%] vs 5/44
[11%]; adjusted absolute difference, 30.3 [95% CI, 13.5-47.1];
P =.002; OR, 5.6 [95% CI, 1.9-16.7]; P = .002) (Table 2). Sus-
tained depressive symptom remission rate appeared greater
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Table 1. Baseline Participant Characteristics

Psilocybin Niacin

Characteristic (n=51) (n=53)
Sex, No. (%)

Men 27 (53) 25(47)

Women 24 (47) 28(53)
Age, mean (SD), y 40.4 (10.9) 41.8(11.7)
Ethnicity, No. (%) n=>50

Hispanic or Latino 4(8) 12 (23)

Not Hispanic or Latino 46 (92) 41 (77)
Race, No. (%) n=>51

Black or African American 3(6) 0

White 44 (86) 49 (96)

Multiracial 4(8) 2(4)
Annual income, No. (%), $ n =45 n=44

<24999 8(18) 6 (14)

25000-49999 3(7) 8(18)

50000-74 999 5(11) 3(7)

75000-99999 6(13) 8(18)

2100000 23 (51) 19 (43)
Treatment-resistant depression, No. (%)? 7 (14) 6(11)
Underwent a medication taper prior to 15(29) 8 (15)
randomization, No./total No. (%)
Baseline MADRS score, mean (SD)“ 35.5(5.7) 35.0(4.5)
Baseline SDS score, mean (SD)“ 6.69 (1.99) 7.14(1.61)
Length of current depressive episode, 53 (25-135) 81 (26-145)
median (IQR), wk¢
Prior depressive episodes, No. (%)¢

0 4(8) 10 (19)

1 10 (20) 5(9)

b) 8(16) 15(28)

3 9(18) 3(6)

4 6(12) 9(17)

5 4(8) 6(11)

>5 10 (20) 5(9)
Prior pharmacological treatments for 1(0-2) 1(0-2)

current depressive episode, median (IQR)®

@ Based on Massachusetts General Hospital Antidepressant Treatment History
Questionnaire as meeting the following criteria: self-report of receiving
treatment with =2 antidepressant medications (or 1antidepressant with =1
augmenting agent) for this current depressive episode for =8 weeks, dose of
medication is equal to or greater than minimally adequate dose, and response
to these medications is <50% improvement.

b participants underwent medication taper if they met all other study
inclusion/exclusion criteria, except for use of a prohibited psychotropic
medication, and were willing to undergo tapering.

¢ Score from the Montgomery-Asberg Depression Rating Scale (MADRS)
assessment completed at the baseline visit. For participants with a repeated
baseline visit, the score from the repeated visit was used for analysis. The
median value is based on all participants in the intent-to-treat population. The
total sample median score of 35.5 is consistent with a severe major depressive
episode. Maximal change score on the MADRS is 60 points; maximal change
score on the Sheehan Disability Scale (SDS) is 10 points, with lower scores
indicating clinical improvement. Minimal clinically important difference (MCID)
from baseline is a 6-point improvement for the MADRS and a 1.33-point
improvement on the SDS as scored in this study.

dLength of current depressive episode and number of unique lifetime
depressive episodes were determined via the clinician-administered
Structured Interview for DSM-5 Disorders-Clinical Trials Version.

€ Pharmacological treatments taken for =8 weeks reported on the Massachusetts
General Hospital Antidepressant Treatment History Questionnaire.

JAMA September 5,2023 Volume 330, Number 9
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Table 2. Overall Summary of Primary, Secondary, and Select Exploratory Efficacy Outcomes

Mean change from baseline (95% ClI)?

Mean difference (95% CI)?

Psilocybin Niacin
Outcome (n=51) (n=53) Psilocyhin vs niacin P value
MADRS total score®
Day 2 -2.7(-4.1t0-1.3) -2.7 (-4.1t0-1.3) -0.1(-2.1t01.9) .95
Day 8 (key secondary outcome) -17.8 (-21.1to -14.6) -5.8(-9.1t0-2.6) -12.0(-16.6to -7.4) <.001¢
Day 15 -18.0(-21.3t0o -14.7) -6.9 (-10.3 to -3.5) -11.1(-15.8t0-6.3) <.001
Day 29 -19.2(-22.6 t0 -15.8) -5.5(-9.0to -2.0) -13.7 (-18.6 to -8.8) <.001
Day 43 (primary outcome) -19.1(-22.7 to -15.5) -6.8(-10.5t0-3.1) -12.3(-17.5t0-7.2) <.001¢
SDS mean score®
Day 8 -3.85(-4.60 to -3.10) -1.49(-2.27 t0-0.72) -2.36 (-3.46 to -1.26) <.001
Day 15 -3.97 (-4.73 to -3.21) -1.76 (-2.56 t0 -0.97) -2.21(-3.33t0-1.09) <.001
Day 29 -4.26 (-5.08 to -3.45) -1.78 (-2.64 t0 -0.93) -2.48 (-3.68t0-1.28) <.001
Day 43 (secondary outcome) -4.07 (-4.88 to -3.26) -1.76 (-2.62 to -0.91) -2.31(-3.50t0-1.11) <.001¢
Other secondary outcomes No./total No. (%) No./total No. (%)¢ Difference (95% CI)®
Sustained depressive symptom 20/48 (41.7) 5/44 (11.4) 30.3(13.5t047.1)9 .002¢d
response’
Sustained depressive symptom 12/48 (25.0) 4/44 (9.1) 15.9 (1.0 to 30.8)' .05

remission”

Abbreviations: MADRS, Montgomery-Asberg Depression Rating Scale;
SDS, Sheehan Disability Scale.

2 Mixed model for repeated measures with an unstructured covariance
structure adjusted for baseline score, site, sex, and treatment-resistant
depression. Negative values indicate an improvement in symptom severity.
For additional information, see footnote cin Table 1.

b All outcomes are exploratory unless otherwise noted.
< Statistically significant based on sequential testing procedure.

dRestricted to participants in the intent-to-treat population with MADRS
assessments at baseline, and days 8, 15, 29, and 43 after baseline.

© P value from logistic regression model adjusted for sex and treatment-resistant

depression, predicting odds of response or remissions for psilocybin compared
with niacin. Wald 95% Cls are provided for difference in difference in response
and remission rates.

f Sustained depressive symptom response is defined as =50% reduction from
baseline central rater MADRS total score at each of the postdose assessments
ondays 8,15, 29, and 43.

&0dds ratio, 5.60 (95% Cl, 1.87-16.74).

NSustained depressive symptom remission is defined as a central rater MADRS
total score <10 at each of the postdose assessments on days 8, 15, 29, and 43.

' Odds ratio, 3.37 (95% Cl, 0.99-11.47).

with psilocybin, but the difference was not statistically sig-
nificant (12/48 [25%] for psilocybin vs 4/44 [9.1%] for niacin;
adjusted absolute difference, 15.9 [95% CI, 1.0-30.8]; P = .05;
OR, 3.4 [95% CI, 1.0-11.5]) (Table 2). Rates of response and
remission at each postdosing assessment are shown in
eTable 3 in Supplement 3. Mean change difference in SDS-
assessed functional disability score from baseline to day 43
was greater in the psilocybin vs niacin group (-2.31 [95% CI,
3.50-1.11]; P < .001) (Table 2). Psilocybin treatment was asso-
ciated with improvements in various exploratory end points,
including reductions in global disease severity, self-reported
depressive and anxiety symptoms, and improvement in qual-
ity of life, while having no effect on emotional blunting
(eTables 4-8 in Supplement 3).

Results in the PP population of 81 participants (45 in the
psilocybin group and 36 in the niacin group, excluding 5 [10%]
in the psilocybin and 8 [15%] in the niacin group, due to ma-
jor protocol deviations likely to impact primary or secondary
outcomes; see eAppendix and eFigure 1in Supplement 3 for
details) were similar in direction, magnitude, and signifi-
cance toresultsin the ITT population, with the exception that
the difference in sustained remission between psilocybin- and
niacin-treated participants became statistically significant
(12/44 [27%] with psilocybin vs 3/36 [8%] with niacin; ad-
justed absolute difference, 18.9% [95% CI, 3.0%-34.9%]; OR,
4.0[95% CI, 1.0-15.7]; P = .04) (eTable 9 in Supplement 3).
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Safety
In the safety population (Figure 1), 44 of 50 participants (88%)
receiving psilocybin and 33 of 54 (61%) receiving niacin re-
ported at least 1 AE through day 43. Three serious AEs oc-
curred between enrollment and randomization (nephrolithia-
sis; incisional hernia, obstructive; and appendicitis; Table 3).
From randomization on the day of dosing (day 1) through day
9, atotal of 41 of 50 participants (82%) in the psilocybin group
experienced at least 1 drug-related TEAE vs 24 of 54 (44%) in
the niacin group (difference, 38% [95% CI, 20.6%-41.3%]; rela-
tive incidence [RI], 1.8 [95% CI, 1.3-1.8]). Severe related AEs
through day 9 were reported by 4 of 50 participants (8%) re-
ceiving psilocybin (migraine in 1 participant, headache in 1 par-
ticipant, illusion in 1 participant [all solicited], and panic attack
and paranoia in 1 participant) vs O in the niacin group. The rates
of mild and moderate drug-related TEAEs in the same period
were higher for psilocybin vs niacin (mild: difference, 35%
[95% CI, 17.9%-52.9%]; RI, 1.8 [95% CI, 1.1-1.8]); moderate: dif-
ference, 18% [95% CI, 5.8%-30.8%]; R, 2.3[95% CI, 1.0-5.7]).
From day 10 through day 43, related TEAEs were reported by
2 of 50 participants (4%) in the psilocybin group vs 1 of 53 (2%)
receiving niacin (difference, 2% [95% CI, -4.4% to 8.7%];
RI, 2.1[95% CI, 0.2-22.7]) (Table 3).

Solicited AEs were reported by 38 of 50 participants (76%)
receiving psilocybin vs 16 of 54 (30%) receiving niacin (differ-
ence, 46% [95% CI, 29.4%-63.4%]; RI, 2.6 [95% CI, 1.7-4.0]).
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Figure 2. Change in Montgomery-Asberg Depression Rating Scale (MADRS) Score by Treatment Group
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Supplement 3 for additional details.

The majority of solicited events were mild (73 of 91 total events
[80%] in the psilocybin group and 22 of 23 total events [96%]
in the niacin group). Severe solicited events were reported by
3 participants receiving psilocybin (2 headaches and 1 visual
perceptual effects) and 1 headache was reported in a partici-
pant receiving niacin. The most common solicited AE was
headache in 33 of 50 participants (66%) receiving psilocybin
and 13 of 54 participants (24%) receiving niacin (difference,
42% [95% CI, 27.3%-57.6%]; RI, 2.7 [95% CI, 1.6-4.6]), fol-
lowed by nausea in 24 of 50 participants (48%) receiving psi-
locybin and 3 of 54 participants (6%) receiving niacin (differ-
ence, 42% [95% CI, 24.5%-59.3%]; R1, 8.6 [95% CI, 2.8-26.9]).
Visual perceptual effects (assessed following resolution of acute
drug effects) were reported by 22/50 (44%) psilocybin partici-
pants on the day of dosing and by 3/50 (6%) after the dosing
day, all resolved by study conclusion (See Table 3 for details).
Based on C-SSRS or MADRS Item 10 scores and confirmed by
clinical assessment, no suicidal or self-injurious behavior oc-
curred during the trial and all instances of suicidal ideation were

jama.com

considered passive. One participant receiving psilocybin and
5 in the niacin group had an increase in C-SSRS suicidal ide-
ation score from baseline to end of trial (eTables 10 and 11 in
Supplement). No clinically significant changes in vital signs or
clinical laboratory tests were observed.

|
Discussion

In this phase 2 study, treatment with a 25-mg dose of psilocy-
bin administered with psychological support was associated
with a statistically and clinically significant reduction in de-
pressive symptoms compared with a niacin placebo, as-
sessed as change in total MADRS score and as rates of sus-
tained response. The 15.9% difference in sustained remission
rates between the groups was not significantly different. Im-
provements in depression were apparent within 8 days of psi-
locybin dosing, consistent with a rapid onset of action, and
were maintained across the 6-week follow-up period, without
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Table 3. Summary of Safety Events in the Safety Population

Enrollment through day 43, No. (%) Randomization through day 9 Day 10 through day 43
Psilocybin  Niacin Psilocybin  Niacin
Psilocybin Niacin (n =50), (n = 54), Difference (n =50), (n=53), Difference

Adverse event (AE)? (n = 50) (n = 54) No. (%) No. (%) (95% Cl), %° No. (%) No. (%) (95% CI), %°
At least 1 AE 44 (88) 33(61) 42 (84) 32(59) 25(8.2t041.3) 18 (36) 13 (25) 11(-6.2t029.1)
At least 1 related AEC 41 (82) 24 (44) 41(82) 24 (44) 38(20.6t054.6) 2(4) 1(2) 2(-4.4t08.7)
At least 1 serious AE 1(2) 2(4) NC NC
Drug-related AE severity©

Mild 39(78) 23 (43) 39(78) 23 (43) 35(17.9t052.9) 1(2) 1(2) 0(-5.2t05.5)

Moderate 11(22) 2(4) 11 (22) 2(4) 18 (5.8t030.8) 1(2) NC

Severe 4(8) 4(8) NC 1(2) NC
At least 1 solicited AE¢ 38 (76) 16 (30) 38(76) 16 (30) 46 (29.410 63.4) NC

Headache® 33(66) 13 (24) 33(66) 13 (24) 42(27.3t057.6) NA NA NA

Nausea® 24 (48) 3(6) 24 (48) 3(6) 42 (24.5t059.3) NA NA NA

Visual perceptual 22 (44) 3(6) 22 (44) 3(6) 38(23.4t053.5) NA NA NA

effects on dosing day

Visual perceptual 3(6) 3(6) NC NC

effects after dosing day
At least 1 AE requiring 2(4) 1(2) 1(2) NC 2(4) 1(2) 2(-4.4t08.7)
psychiatric attention
At least 1 psychiatric 8(16) 7(13) 3(6) 4(7) -1(-11.0t08.2) 5(10) 4(8) 2(-8.5t013.4)

concomitant medication
reported"

Abbreviations: NA, not applicable (event not solicited during period); NC, not

calculable.

2 Participants are counted once for each category regardless of the number
of events.

bWald 95% Cls for difference in incidences between treatment groups
(psilocybin - niacin).

© An AE was classified as “related" if there was a reasonable possibility
that the study drug or procedure caused the event. Severity and

relationship to study drug or procedure were determined by the site principal
investigator.
90nly solicited events with any occurrences during the study are summarized.
See eTable 2 in Supplement 3 for a full list of events solicited during the study.
¢ Headache and nausea were only collected as solicited events during
randomization through postdose day 9.

f Defined as concomitant medications with WHODRUG ATC2 codes NO5 -
Psycholeptics or NO6 - Psychoanaleptics.

attenuation of the effect, and with higher point prevalence rates
of MADRS-defined response and remission than has been ob-
served in recent psilocybin studies of TRD.!%'* Although an
MCID was not specified a priori for this study, the 12.3-point
difference in change in score between the psilocybin and nia-
cin groups is larger than the upper limit active placebo differ-
ence in the literature of 9 points and the 19.1-point reduction
in MADRS score from baseline to day 43 in the psilocybin group
islarger than the 12-point difference shown to reflect substan-
tial clinical improvement in patients with TRD.?® In contrast
to prior psilocybin trials for depression,®!%!° there was not a
significant reduction in depressive symptoms or a psilocybin/
placebo difference in depressive symptom status at the day 2
assessment (ie, 1 day after dosing) (Figure 2 and Table 2). This
may reflect the fact that to maintain central rater blinding, the
7-day recall period used for all other MADRS assessments was
maintained at day 2, with the result that the majority of recall
period for the day 2 assessment covered the predosing period
during which depressive symptoms remained elevated, based
on results from the Symptoms of Major Depressive Disorder
Scale (eTable 7 in Supplement 3).

Psilocybin also improved psychosocial functioning com-
pared with niacin as shown by mean difference in SDS score
change. Similar results were observed in the per-protocol popu-
lation and in sensitivity analyses. Psilocybin treatment was as-
sociated with improvement in various exploratory end points,
including reduced overall disease severity, anxiety and self-
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reported depressive symptoms, and improved quality of life
(eTables 4-7 in Supplement 3). Psilocybin treatment did not
evince the type of emotional blunting reported with standard
antidepressant medicines (eTable 8 in Supplement 3).3!

Psilocybin was generally well-tolerated, with most AEs
being of mild or moderate severity and generally limited to the
acute dosing period. The 8% rate of severe adverse events in
participants receiving psilocybin was similar to the 10% rate
reported in the study by Goodwin et al in participants with TRD
treated with a single 25-mg dose of psilocybin.'* However, in
contradistinction to the study by Goodwin et al, no clinically
confirmed active suicidal ideation or suicidal behavior oc-
curred in either randomized group. No serious TEAEs were re-
ported in the current study; however, psilocybin treatment was
associated with a higher rate of overall AEs and a higher rate
of severe AEs compared with niacin, with these severe AEs
being known effects of psilocybin.!” Moreover, psychedelics
may produce AEs not captured by standard rating scales or may
induce unrecognized new psychiatric conditions even as they
improve target syndromes.>?

Limitations

Several limitations in this study warrant consideration. First,
the success of allocation blinding was not assessed, and it
is likely that the acute psychoactive effects of psilocybin
produced some degree of functional unblinding that may
have contributed to the observed effect in psilocybin-treated
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participants and the increased dropout rate in niacin-treated
participants.®® To help address this issue, the current study
used off-site centralized raters to reduce the potential impact
of unblinding on the assessment of outcomes. Nonetheless,
recent data demonstrating high rates of functional unblind-
ingin arandomized, placebo-controlled trial of psilocybin for
alcohol use disorder highlight a possible role for measuring
blinding effectiveness in future studies of agents with acute
psychoactive effects.>*

Second, the use of niacin as active placebo may have
increased believability of the comparator condition and
enhanced the placebo response, given that placebo response
rates in the current study were equivalent to those seen in
response to a low-dose psilocybin comparator in participants
with TRD and larger than the effect of an inactive placebo in a
recent study in participants with MDD.'*'> Nonetheless, pla-
cebo response rates in the current study are smaller than are
typically observed with daily placebo pills,** which may have
inflated the placebo-adjusted effect size compared with
studies of standard antidepressants in patients with MDD. As
a complement to traditional placebo-controlled trials, a bet-
ter understanding of the contribution that placebo effects
make to the antidepressant efficacy of psilocybin might be
gained via use of novel comparators (eg, ketamine) that
induce acute effects to aid with blinding while failing to gen-
erally produce the type of sustained antidepressant response
observed with psilocybin.

Third, relevant to the important question of durability of
effect with time-limited treatments, the 6-week (day 43) post-
dosing primary end point in the current study is longer than
primary end points in recent randomized, double-blind,
placebo-controlled trials of single-dose psilocybin for TRD
(3 weeks) or MDD (2 weeks),'*!* although one of these stud-
ies included a longer, 12-week, overall follow-up period dur-
ing which the antidepressant effect of psilocybin waned in the
TRD study group.* Whether the sustained antidepressant ef-
fect observed in the current study reflects the low rate of treat-
ment resistance (13%) or some other factor is unknown. Simi-
larly, the current study does not allow inferences to be drawn
regarding whether the antidepressant effect would have di-
minished over subsequent weeks or been maintained, al-
though it is intriguing that a small open trial of two doses of
psilocybin in MDD—as opposed to TRD—found evidence
for maintenance of effect in many participants out to a year

Original Investigation Research

post-dosing.'? Regardless, it will be essential to conduct rig-
orous, large-scale, longer-term, follow-up studies to better un-
derstand how to best use psilocybin in often chronic condi-
tions such as MDD or TRD.

Fourth, that psilocybin and niacin were administered
within an identical, fully protocolized program of psychologi-
cal support is a strength of the current study. All study facili-
tators received extensive training; however, fidelity to the psy-
chological support protocol by study facilitators was not
assessed, leaving open the possibility that at least some de-
gree of between-participant variability in response may be at-
tributable to unknown differences in psychological support
provided by facilitators, rather than direct biological effects
of psilocybin per se. This study limitation highlights the im-
portance of better understanding potential benefits and harms
that may be engendered by the psychological/psychothera-
peutic components of psilocybin assisted therapy.

Fifth, as with the majority of recent clinical trials of
psychedelics,> a major limitation of the current study is a lack
of participant ethnic and racial diversity. The current study
sample was predominantly White, non-Hispanic, and from up-
per socioeconomic echelons. Whether psilocybin would be
more, less, or equivalently effective in a more ethnically, ra-
cially, and socioeconomically diverse sample is an urgent ques-
tion that must be addressed in future studies by actively em-
ploying strategies shown to increase recruitment and retention
ofracial and ethnic minoritized populations and other under-
represented groups in clinical trials of psychedelic agents.>®

. |
Conclusions

In this randomized trial, a single 25-mg dose of psilocybin ad-
ministered with psychosocial support was associated with clini-
cally and statistically significant reductions in depressive symp-
toms and improvement in measures of functional disability
compared with a 100-mg dose of niacin placebo adminis-
tered under an identical protocol. No serious TEAEs occurred
during the study, but psilocybin treatment was associated with
an increase rate of overall, solicited, and severe TEAEs, most
of which occurred during or immediately after the dosing pe-
riod. These findings add to evidence that psilocybin—when ad-
ministered with psychological support—may hold promise as
anovel intervention for MDD.
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