
Effects of Psilocybin-Assisted Therapy onMajor Depressive Disorder
A Randomized Clinical Trial
Alan K. Davis, PhD; Frederick S. Barrett, PhD; Darrick G. May, MD; Mary P. Cosimano, MSW; Nathan D. Sepeda, BS; MatthewW. Johnson, PhD;
Patrick H. Finan, PhD; Roland R. Griffiths, PhD

IMPORTANCE Major depressive disorder (MDD) is a substantial public health burden, but
current treatments have limited effectiveness and adherence. Recent evidence suggests that
1 or 2 administrations of psilocybin with psychological support produces antidepressant
effects in patients with cancer and in those with treatment-resistant depression.

OBJECTIVE To investigate the effect of psilocybin therapy in patients with MDD.

DESIGN, SETTING, AND PARTICIPANTS This randomized, waiting list–controlled clinical trial was
conducted at the Center for Psychedelic and Consciousness Research at Johns Hopkins
BayviewMedical Center in Baltimore, Maryland. Adults aged 21 to 75 years with anMDD
diagnosis, not currently using antidepressant medications, and without histories of psychotic
disorder, serious suicide attempt, or hospitalization were eligible to participate. Enrollment
occurred between August 2017 and April 2019, and the 4-week primary outcome
assessments were completed in July 2019. A total of 27 participants were randomized to an
immediate treatment condition group (n = 15) or delayed treatment condition group (waiting
list control condition; n = 12). Data analysis was conducted from July 1, 2019, to July 31, 2020,
and included participants who completed the intervention (evaluable population).

INTERVENTIONS Two psilocybin sessions (session 1: 20mg/70 kg; session 2: 30mg/70 kg)
were given (administered in opaque gelatin capsules with approximately 100mL of water) in
the context of supportive psychotherapy (approximately 11 hours). Participants were
randomized to begin treatment immediately or after an 8-week delay.

MAIN OUTCOMES ANDMEASURES The primary outcome, depression severity was assessed
with the GRID-Hamilton Depression Rating Scale (GRID-HAMD) scores at baseline (score of
�17 required for enrollment) and weeks 5 and 8 after enrollment for the delayed treatment
group, which corresponded to weeks 1 and 4 after the intervention for the immediate
treatment group. Secondary outcomes included the Quick Inventory of Depressive
Symptomatology-Self Rated (QIDS-SR).

RESULTS Of the randomized participants, 24 of 27 (89%) completed the intervention and the
week 1 and week 4 postsession assessments. This population had amean (SD) age of 39.8
(12.2) years, was composed of 16 women (67%), and had amean (SD) baseline GRID-HAMD
score of 22.8 (3.9). Themean (SD) GRID-HAMD scores at weeks 1 and 4 (8.0 [7.1] and 8.5
[5.7]) in the immediate treatment group were statistically significantly lower than the scores
at the comparable time points of weeks 5 and 8 (23.8 [5.4] and 23.5 [6.0]) in the delayed
treatment group. The effect sizes were large at week 5 (Cohen d = 2.2; 95% CI, 1.4-3.0;
P < .001) and week 8 (Cohen d = 2.6; 95% CI, 1.7-3.6; P < .001). The QIDS-SR documented a
rapid decrease in mean (SD) depression score from baseline to day 1 after session 1 (16.7 [3.5]
vs 6.3 [4.4]; Cohen d = 3.0; 95% CI, 1.9-4.0; P < .001), which remained statistically
significantly reduced through the week 4 follow-up (6.0 [5.7]; Cohen d = 3.1; 95% CI, 1.9-4.2;
P < .001). In the overall sample, 16 participants (67%) at week 1 and 17 (71%) at week 4 had a
clinically significant response to the intervention (�50% reduction in GRID-HAMD score),
and 14 participants (58%) at week 1 and 13 participants (54%) at week 4 were in remission
(�7 GRID-HAMD score).

CONCLUSIONS AND RELEVANCE Findings suggest that psilocybin with therapy is efficacious in
treating MDD, thus extending the results of previous studies of this intervention in patients
with cancer and depression and of a nonrandomized study in patients with treatment-
resistant depression.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT03181529
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M ajor depressive disorder (MDD) is a substantial
public health concern, affecting more than
300 million individuals worldwide. Depression is

the number one cause of disability,1 and the relative risk of
all-cause mortality for those with depression is 1.7 times
greater than the risk for the general public.2 In the
United States, approximately 10% of the adult population
has been diagnosed with MDD in the past 12 months,3 and
the yearly economic burden of MDD is estimated to be $210
billion.4

Although effective pharmacotherapies for depression are
available, these drugs have limited efficacy, produce adverse
effects, and are associatedwithpatient adherenceproblems.5

Althoughmany patients with depression showed reduced or
remitted symptoms after treatment with existing
pharmacotherapies,6 approximately 30% to 50% of patients
did not respond fully and as many as 10% to 30% of patients
were considered treatment-resistant, resulting in average ef-
fects that were only modestly larger than the effects of
placebo.7,8

Most of the current pharmacotherapies for MDD,
including thewidelyused selective serotonin reuptake inhibi-
tors, increase levels of brain monoamine neurotransmitters
such as serotonin and norepinephrine (typically by blocking
reuptake).6 A growing body of evidence suggests that
newerketamine-likemedicationsexert therapeutic efficacy in
MDD through effects on glutamate neurotransmission.9,10

Ketamine hydrochloride, a nonselective N-methyl-D-
aspartate receptor antagonist, is the most well-researched of
these newer medications. Several studies have demon-
strated the efficacy of a single ketamine infusion in rapidly
(within hours) reducing depression symptoms and, when
effective, lasting from a few days to about 2 weeks.10,11

However, ketamine has high abuse liability, and its
administration involves moderate physiological risk that re-
quires medical monitoring.12

The combined serotonergic and glutamatergic action
of psilocybin13-15 (a classic hallucinogen) and the prelimi-
nary evidence of the antidepressant effects of psilocybin-
assisted therapy (among patients with life-threatening can-
cer or patients with treatment-resistant depression)16-18

indicate the potential of psilocybin-assisted therapy as
a novel antidepressant intervention. 19 Moreover,
psilocybin has lower addiction liability and toxic effects
compared with ketamine20-22 and is generally not associ-
ated with long-term perceptual, cognitive, or neurological
dysfunction.23

The substantial negative public health impact of MDD
underscores the importance of conducting more research
into drugs with rapid and sustained antidepressant effects.
Current pharmacotherapies for depression have variable
efficacy and unwanted adverse effects. Novel antidepres-
sants with rapid and sustained effects on mood and
cognition could represent a breakthrough in the treatment
of depression and may potentially improve or save lives.
Therefore, the primary objective of this randomized clinical
trial was to investigate the effect of psilocybin therapy in
patients with MDD.

Method

This randomized,waiting list–controlled clinical trialwas con-
ducted at the Center for Psychedelic and Consciousness Re-
search in Baltimore, Maryland. The Johns Hopkins Medicine
Institutional ReviewBoard approved this trial (the protocol is
included in Supplement 1).Written informed consentwas ob-
tained from all participants.

Study Design and Participants
This trialofpsilocybin therapy includedparticipantswithmod-
erate or severeMDD episodes, as assessedwith the Structured
Clinical Interview for DSM-5 (SCID-5)24 and the GRID-
HamiltonDepression Rating Scale (GRID-HAMD; a score of ≥17
wasrequired forenrollment).25,26Eligiblecandidateswereaged
21to75yearswhoself-reportednocurrentpharmacotherapyfor
depression at trial screening. To avoid the confounding effects
andpotential interactionsofconcurrentantidepressantuse,can-
didateswere required to refrain fromusingantidepressants (eg,
selective serotonin reuptake inhibitors) for at least 5 half-lives
before the screening and up to 4 months after enrollment
(through the completion of the primary outcome assessment).
However, thedecision to taperoff and/or continuingnot to take
their medications during the study wasmade by the individu-
als and their prescribing physicians and not by study person-
nel. Additional eligibility requirements included being medi-
cally stable with no uncontrolled cardiovascular conditions;
having no personal or family history (first or second degree) of
psychoticorbipolardisorders; and, forwomen,beingnonpreg-
nant,beingnon-nursing, andagreeing tousecontraception. In-
dividuals with a moderate or severe alcohol or other drug use
disorder (including nicotine) in the past year, as defined by
DiagnosticandStatisticalManualofMentalDisorders (FifthEdi-
tion) (DSM-5) criteria, were excluded, aswere individuals with
substantial lifetimeuse (>10 total) or recentuse (past6months)
of ketamine or classic hallucinogens, such as psilocybin-
containingmushroomsor lysergicaciddiethylamide(eMethods
in Supplement 2).

Participants were enrolled between August 2017 and April
2019,andthe4-weekprimaryoutcomeassessmentswerecom-
pleted in July 2019. Recruitment was carried out through fly-
ers,printadvertisements, internet forums,socialmedia,andthe

Key Points
Question Is psilocybin-assisted therapy efficacious among
patients with major depressive disorder?

Findings In this randomized clinical trial of 24 participants with
major depressive disorder, participants who received immediate
psilocybin-assisted therapy compared with delayed treatment
showed improvement in blinded clinician rater–assessed
depression severity and in self-reported secondary outcomes
through the 1-month follow-up.

Meaning This randomized clinical trial found that
psilocybin-assisted therapy was efficacious in producing large,
rapid, and sustained antidepressant effects in patients with major
depressive disorder.
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studywebsite.Of the870 individuals screenedby telephoneor
electronic screening survey, 70 went on to undergo in-person
medical andpsychological screening,43weredisqualified, and
27qualifiedandwereenrolledinthestudy.Afterscreening,base-
lineassessments,andenrollment,27participantswererandom-
izedtoeithertheimmediatetreatmentgrouporthedelayedtreat-
ment group (ie, thewaiting list control condition). The use of a
delayed treatment control was chosen to differentiate the psi-
locybin intervention from spontaneous symptom improve-
ment. The delay intervalwas 8weeks, afterwhich participants
in the delayed treatment group underwent all study assess-
ments and entered the study intervention period. Randomiza-
tion to the immediate treatment anddelayed treatment groups
occurredafterscreeningandbaselineassessments(Figure1).Par-
ticipantswere randomized using urn randomization,27 balanc-
ing for sex,age,depressionseverityat screening (assessedusing
the GRID-HAMD), and level of treatment resistance (assessed
using theMaudsley StagingMethod).28 One of us (F.S.B.), who
was not involved in participant screening or enrollment, per-
formed urn randomization using the randPack library, version
1.32.0,29 in theRStatistical Softwarepackage (RFoundation for
Statistical Computing).30

Participants received no monetary compensation for
undergoing the intervention. However, participants received
a total of $200 for completing 2magnetic resonance imaging
sessions.

Immediate Treatment Condition
The intervention period was 8 weeks and involved at least 18
in-person visits, including 2 daylong psilocybin administra-
tionsessions (Figure2). Consistentwithprevious studiesusing
psilocybin,16,31 the visit schedule included preparatorymeet-
ings (8hours in total)with2 session facilitators before the first
psilocybin session as well as follow-up meetings after psilo-
cybin sessions (2-3 hours in total) (eMethods in Supple-
ment2). Session facilitatorswere study staffwithvaryingedu-
cational levels (ie, bachelor’s,master’s, doctorate, andmedical
degrees) and professional disciplines (eg, social work, psy-
chology, andpsychiatry).After thepreparationmeetings, 2psi-
locybin administration sessionswere conducted ameanof 1.6
weeksapart (no statistically significantdifferenceswere found
between conditions; eResults in Supplement 2). The psilocy-
bin dose was moderately high (20mg/70 kg) in session 1 and
was high (30 mg/70 kg) in session 2. Procedures for psilocy-
bin administration and the conduct of the sessionswere simi-
lar to procedures used in previous and ongoing studies with
psilocybin (eMethods in Supplement 2) at the Center for Psy-
chedelic and Consciousness Research.16,32,33

Psilocybin was administered in opaque gelatin capsules
with approximately 100mLwater. Both facilitatorswere pre-
sent in theroomandavailable to respondtoparticipants’physi-
cal andemotional needsduring theday-long session,with the
exception of short breaks taken by 1 facilitator at a time. Dur-
ing the session, participants were instructed to lie on a couch
in a living room–like environment, and facilitators encour-
agedparticipants to focus their attention inwardand staywith
any experience that arose. To enhance inward reflection,mu-
sic was played (the playlist is provided in the eMethods in

Supplement 2), and participantswere instructed towear eye-
shades and headphones.

Figure 1. CONSORTDiagram of Participant Flow

870 Individuals assessed for eligibility

70 Consented to participate

800 Excluded from studya

43 Disqualified from participationb

27 Enrolled and randomized

15 Randomized to immediate
treatment group

13 Underwent session 2

1 Dropped out before session 1c

14 Underwent session 1
1 Dropped out before session 2d

12 Randomized to delayed treatment
group

11 Underwent session 2

0 Dropped out before session 1
12 Underwent session 1
1 Dropped out before session 2e

11 Attended week 1, postsession-2
visit

11 Attended week 4, postsession-2
visit

13 Attended week 1, postsession-2
visit

13 Attended week 4, postsession-2
visit

11 Analyzed13 Analyzed

a After completing the prescreening questionnaire, people were deemed
ineligible if they were currently using antidepressant medication (n = 157);
lived outside reasonable commuting distance (n = 161); did not meet criteria
for themagnetic resonance imaging scans (n = 99); had a first- or
second-degree relative with a diagnosis of schizophrenia spectrum, bipolar I or
II, or other psychotic disorder ( = 77); had a recent history of substance use
disorder (n = 50); opted out of in-person screening (n = 38); were not in a
current depressive episode (n = 37); were more than 25% beyond the upper or
lower range of recommended body weight (n = 32); had amedically significant
suicide attempt (n = 30); had lifetime hallucinogen use that exceeded the
exclusion threshold (n = 30); if major depressive disorder (MDD) was not
primary psychiatric diagnosis (n = 18); if they had amedical exclusion (n = 11);
had exclusionary use of nonserotonergic psychoactive medication (n = 11); or
failed to respond to electroconvulsive therapy during current depressive
episode (n = 4). Forty-five people were ineligible for other reasons.

b People were deemed ineligible during in-person screening if they had a
psychiatric condition judged to be incompatible with establishment of rapport
or safe exposure to psilocybin (n = 17); did not have confirmed DSM-5
diagnosis of MDD (n = 7); had a recent history of moderate to severe
substance use disorder (n = 5); were at high risk for suicidality (n = 3);
disagreed with study procedures (n = 3); had a baseline GRID Hamilton
Depression Rating Scale score lower than the eligibility threshold of 17 (n = 2);
had cardiovascular conditions (n = 2); had lifetime hallucinogen use that
exceeded the exclusion threshold (n = 2); were currently taking serotonergic
medication (n = 1); or were more than 25% beyond the upper and lower range
of recommended body weight (n = 1).

c Dropped out of the study due to anticipatory anxiety about the upcoming first
psilocybin session.

dDropped out of study due to sleep difficulties. Sleep difficulties were also
reported at screening, and it was not clear whether sleep difficulties were
exacerbated by the intervention.

e Participant showed amarked reduction in depression symptoms immediately
following the first psilocybin session and chose not to proceed with the
intervention.
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Delayed Treatment Condition
For safety during the 8-week delay period of the delayed
treatment group, participants were monitored weekly by
in-person assessment or brief telephone calls. In weeks 5
and 8, participants attended an in-person visit and under-
went the GRID-HAMD assessment and other study mea-
sures. In other weeks of the delay period, participants
received telephone calls that included a brief check-in and
assessment for self-reported suicidal ideation or behavior
and depression symptoms. All assessments during the delay
period were administered by study staff who were not lead
facilitators. At the end of the delay period, all participants in
the delayed treatment group completed the same interven-
tion as the participants in the immediate treatment group.

Outcome Assessments
Screeningevaluation includedapreliminaryquestionnairead-
ministered via telephone or an online survey as well as an in-
personmedical history andphysical examination, electrocar-
diogram, routinemedicalbloodandurinalysis laboratory tests,
andstructuredassessments (eg, SCID-5, SCID-5ScreeningPer-
sonality Questionnaire, SCID-5 Personality Disorders, and
Personality Assessment Inventory).24,34-36

The primary outcome measure was the GRID-HAMD,37 a
version of the 17-item Hamilton Depression Rating Scale
that has high reliability and validity.26 The GRID-HAMD was
administered by blinded clinician raters via telephone at
baseline and at postrandomization weeks 5 and 8 for par-
ticipants in the delayed treatment group and at the weeks 1
and 4 follow-up visits after the second psilocybin session
for participants in both the immediate treatment and
delayed treatment groups. The primary between-group end
point comparison was at weeks 5 and 8 between the imme-
diate treatment and delayed treatment groups (Figure 2).
The primary within-group end point comparison was
between baseline and weeks 1 and 4 postsession 2 follow-up
visits in both groups.

Severity of depression was assessed using the total
GRID-HAMD score (0-7: no depression; 8-16: mild depres-
sion; 17-23: moderate depression; ≥24: severe depression).38

A clinically significant response was defined as 50% or
greater decrease from baseline; symptom remission was
defined as a score of 7 or lower. The GRID-HAMD assess-
ment was audiorecorded to examine interrater reliability
(eMethods in Supplement 2). Interrater reliability for all
depression assessments (through postsession week 4) was
85%. Rapid and sustained antidepressant effects were
examined at baseline; at day 1 and week 1 of postsession-1
follow-up; and at day 1, week 1, and week 4 postsession-2
follow-up using the Quick Inventory of Depressive
Symptomatology–Self-Report (QIDS-SR; score range: 0-27,
with higher scores indicating very severe depression).39

Descriptions of secondary outcome measures and tim-
ing of assessment are provided in the eMethods in Supple-
ment 2. Secondary outcome measures for depressive symp-
toms were the Beck Depression Inventory II (score range:
0-63, with higher scores indicating severe depression)40

and the 9-item Patient Health Questionnaire (score range:
0-27, with higher scores indicating severe depression).41

The Columbia-Suicide Severity Rating Scale (severity of ide-
ation subscale score range: 0-5, with higher scores indicat-
ing presence of ideation with at least some intent to die)42,43

was completed at every visit to assess for potentially wors-
ening suicidal ideation throughout the trial. Anxiety symp-
toms were measured using the clinician-administered
Hamilton Anxiety Rating Scale (score range: 0-56, with
higher scores indicating severe anxiety)44 and the State-
Trait Anxiety Index (score range: 0-80, with higher scores
indicating greater anxiety).45 Blood pressure and heart rate
were examined before and during the psilocybin sessions.

Statistical Analysis
Data analysis was conducted on participants who com-
pleted the intervention (evaluable population). A previous

Figure 2. Study Timeline FromBaseline Assessment and Screening to the 4-Week Postsession-2 Follow-up Visit
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study of psilocybin16 found a large effect of a high psilocy-
bin dose (compared with a low dose) on reducing GRID-
HAMD scores (Cohen d = 1.30). Assuming a similar large
effect size with 24 participants, nearly 100% power was cal-
culated to detect a statistically significant effect of psilocy-
bin on change in depressive symptoms.

No primary outcome data were missing. Descriptive sta-
tistics for demographic and background characteristics for all
studyvariableswere calculated and comparedbetween study
conditionsusinga2-sample t test for continuousvariables and
aχ2 test forall remainingvariables.A repeated-measuresanaly-
sis of variance with time (baseline, week 5, and week 8) and
condition (immediate treatmentanddelayed treatment) as fac-
tors was used to examine changes in the primary depression
outcome (GRID-HAMD score).

Follow-up planned comparisons included independent
samples t tests to compare week 1 with week 4 GRID-HAMD
scores in the immediate treatment condition group (corre-
sponding to theweek 5 andweek 8 time points in the delayed
treatment condition group). Within-participant (n = 24)
treatment effect was examined using t tests comparing
GRID-HAMDscores at baselinewith scores atweek 1 andweek
4 postsession-2 follow-up. Rapid and sustained antidepres-
sant effects were examined using t tests comparing QIDS-SR
scores between baseline andday 1 postsession-1 and between
baseline and week 4 postsession-2 follow-up. Effect sizes for
the independent samples t testswere calculatedusing theCo-
hendstatistic, andeffect sizes for therepeated-measuresanaly-

sis of variance were calculated using the partial eta squared
(ηp

2) statistic. Further primary outcomes included a descrip-
tive analysis of the percentage of participants who met the
criterion for clinically significant responseandremission in the
sample.

All statistical tests used a P < .05 to determine statistical
significance. Data analysis was conducted from July 1, 2019,
to July 31, 2020, using SPSS, version 25 (IBM).46 Data analysis
plans for secondary outcomes are reported in the eMethods
in Supplement 2.

Results
A total of 27 participants were randomized, of whom
24 (89%) completed the intervention as well as the postses-
sion assessments at weeks 1 and 4; specifically, 13 were
randomized to the immediate treatment group and 11 to the
delayed treatment group (Figure 1). The Table shows the
demographic characteristics for the 24 participants, among
whom were 16 women (67%) and 8 men (33%), with a mean
(SD) age of 39.8 (12.2) years and a mean (SD) baseline GRID-
HAMD score of 22.8 (3.9). An examination of the differences
in stratification variables as a function of the treatment
condition indicated no statistically significant differences
between conditions (mean [SD] months in current major
depressive episode: immediate treatment, 25.9 [22.4];
delayed treatment, 22.6 [22.5]; P = .39) (Table).

Table. Characteristics of the Overall Sample and Comparison of Baseline Demographic and Background
Characteristics Between Participants in the Immediate and Delayed Treatment Condition Groups

Characteristic

No. (%)

χ2 or t
Valuea P valuea

Overall sample
(N = 24)

Immediate
treatment
(n = 13)

Delayed
treatment
(n = 11)

Age, mean (SD), y 39.8 (12.2) 43.6 (13.0) 35.2 (9.9) −1.8 .08

Time with depression, mean (SD), y 21.5 (12.2) 23.5 (12.7) 19.2 (11.8) −0.86 .40

Time in current major depressive
episode, mean (SD), mob

24.4 (22.0) 25.9 (22.4) 22.6 (22.5) −0.36 .39

Lifetime psychedelic use 0.8 (1.9) 0.5 (1.7) 1.3 (2.2) 1.02 .32

Female sex 16 (67) 9 (69) 7 (64) 1.34 .39

Heterosexual orientation 21 (96) 13 (100) 8 (89) 1.51 .41

White race/ethnicity 22 (92) 13 (100) 9 (82) 2.58 .20

Educational level

<College 2 (8) 0 (0) 2 (18)

4.32 .41

Associate’s degree 2 (8) 1 (8) 1 (9)

Bachelor’s degree 14 (58) 7 (54) 7 (64)

Master’s degree 4 (17) 3 (23) 1 (9)

Advanced degree 2 (8) 2 (15) 0 (0)

Marital status

Married/living with partner 11 (46) 6 (46) 5 (46)

0.94 >.99Divorced/separated 1 (4) 1 (8) 0 (0)

Never married 12 (50) 6 (46) 6 (55)

Employment status

Full-time 15 (63) 8 (62) 7 (64)

1.13 .73Part-time 4 (17) 3 (23) 1 (9)

Unemployed 5 (21) 2 (15) 3 (27)

a χ2, t, and P values refer to tests for
differences between the immediate
treatment and delayed treatment
conditions.

bMajor depressive episode was
defined by the DSM-5.
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Astatistically significant timeby condition interaction ef-
fect on GRID-HAMD was found (ηp

2 = 0.57; 90% CI, 0.38-
0.66; P < .001) (Figure 3).

Follow-up independent samples t tests revealed signifi-
cantly lowerdepressionscores in the immediate treatmentcon-
ditionatweeks 1 and4postsession-2 follow-upcomparedwith
the corresponding time points (weeks 5 and 8) in the delayed
treatment condition before psilocybin treatment. In the im-
mediate treatment group, the mean (SD) GRID-HAMD scores
were 22.9 (3.6) at baseline, 8.0 (7.1) at week 5, and 8.5 (5.7) at
week 8. In the delayed treatment group, themean (SD) GRID-
HAMD scoreswere 22.5 (4.4) at baseline, 23.8 (5.4) at week 5,
and 23.5 (6.0) at week 8. The effect sizes were large at week 5
(Cohen d = 2.2; 95% CI, 1.4-3.0; P < .001) and at week 8
(Cohen d = 2.6; 95% CI, 1.7-3.6; P < .001) (eTables 1-3 and
eResults in Supplement 2).

After thepsilocybin session, 16participants (67%) atweek
1 and 17 participants (71%) at week 4 had a clinically signifi-
cant response to the intervention (≥50% reduction in GRID-
HAMD score), and 14 participants (58%) at week 1 and 13 par-
ticipants (54%) at week 4 met the criteria for remission of
depression (≤7 GRID-HAMD score).Within-participant t tests
showedstatisticallysignificantdecreases inGRID-HAMDscores
amongparticipants frombaseline toweek1 (Cohend = 3.6;95%
CI, 2.2-5.0; P < .001) and week 4 (Cohen d = 3.6; 95% CI,
2.2-4.9; P < .001) (Figure 4). TheQIDS-SRmeasure of depres-
sion, which was assessed more frequently, showed a rapid,
large decrease in mean (SD) depression score among partici-
pants frombaseline today 1afterpsilocybin session 1 (16.7 [3.5]
vs6.3 [4.4];Cohend = 3.0;95%CI, 1.9-4.0;P < .001). This sub-
stantial decrease remained through week 4 after session 2
(6.0 [5.7]; Cohen d = 3.1; 95% CI, 1.9-4.2; P < .001) (eFigure 1
in Supplement 2).

All secondary depression and anxiety outcomes showed
a similar pattern of results as the primary depression out-
comes,with statistically significant differences between con-
ditions and across both conditions after entry into the active

interventionperiod (eTables 1 to3andeFigures 1 to8 inSupple-
ment 2). For example, statistically significant treatment con-
ditioneffectswere foundonself-reporteddepression (BeckDe-
pression Inventory II andPatientHealthQuestionnaire–9) and
clinician-administeredanxiety (HamiltonAnxietyRatingScale)
measures.Overall, suicidal ideationwas lowandtrended lower
after enrollment in both groups (eFigure 9 in Supplement 2).

Participant and facilitator rated intensity of acute psilo-
cybin effects are provided in eTables 4-6 in Supplement 2.
Therewere no serious adverse events in this trial. A transient
increase in blood pressure that exceeded the protocol criteria
formore frequentassessment (ie,diastolicbloodpressure>100
mm Hg) occurred during 1 session, but no medical interven-
tionwasneeded, and thebloodpressure level remainedwithin
predetermined safety parameters and resolved spontane-
ouslyduring thesession (eTable7 inSupplement2).Othernon-
serious adverse effects, which occurred during the psilocy-
bin administration, that were reported by participants after
completing at least one-half of the psilocybin sessions in-
cludedchallengingemotional (eg, fear andsadness) andphysi-
cal (eg, feeling body shake or tremble) experiences (eTable 8
in Supplement 2). Mild to moderate transient headache was
reported during 16 of 48 sessions (33%) and after the subjec-
tive psilocybin effects had subsided after 14 of 48 sessions
(29%). Other adverse events are reported in eTables 8 and 9
in Supplement 2, and initiation of antidepressants or psycho-
therapy is reported in eTable 10 in Supplement 2.

Discussion
This randomizedclinical trialdocumentedthesubstantial rapid
and enduring antidepressant effects of psilocybin-assisted
therapy among patients with MDD. Although the rapid anti-
depressant effects of psilocybin are similar to those reported
with ketamine,10,11 the therapeutic effects are different: ket-
amine effects typically last for a fewdays to 2weeks,whereas
the current study showed that clinically significant antide-
pressant response to psilocybin therapy persisted for at least

Figure 3. Comparison of GRID Hamilton Depression Rating Scale
(GRID-HAMD) Scores Between the Delayed Treatment
and Immediate Treatment Groups
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Data points are presented as mean (SD). In the immediate treatment group
(n = 13), weeks 5 and 8 correspond to weeks 1 and 4 after the psilocybin session
2. In the delayed treatment group (n = 11), weeks 5 and 8 are prepsilocybin
assessments obtained during the delay period. Effect sizes (Cohen dwith 95%
CI) and P values reflect the results of a 2-sample t test between the 2 groups at
week 5 (Cohen d = 2.2; 95% CI, 1.4-3.0; P < .001) and week 8 (Cohen d = 2.6;
95% CI, 1.7-3.6; P < .001).

Figure 4. Decrease in the GRIDHamilton Depression Rating Scale
(GRID-HAMD) Scores atWeek 1 andWeek 4 Postsession-2 Follow-up
in the Overall Treatment Sample
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Themean (SD) GRID-HAMD score was 22.8 (3.9) at baseline, 8.7 (7.6) at week 1,
and 8.9 (7.4) at week 4. Effect sizes (Cohen dwith 95% CI) and P values reflect
the results of a paired sample t test that compared scores between baseline and
week 1 (Cohen d = 3.6; 95% CI, 2.2-5.0; P < .001) and week 4 postsession-2
follow-up (Cohen d = 3.6; 95% CI, 2.2-4.9; P < .001).
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4weeks,with71%of theparticipantscontinuingtoshowaclini-
cally significant response (≥50% reduction in GRID-HAMD
score) at week 4 of follow-up. Furthermore, psilocybin was
found to have lowpotential for addiction22 and aminimal ad-
verseeventprofile,22,23 suggestingtherapeuticadvantageswith
less risk for associated problems than ketamine.12 The pre-
sent findings in patients with MDD are consistent with re-
sultsof studies that reportedontheeffectivenessofpsilocybin-
assisted therapy in producing antidepressant effects among
patientswith cancerwhohadpsychological distress16,17,47 and
a small open-label study of patients with treatment-resistant
depression.18

Themounting evidence of the use of psilocybin as an ad-
junct to treatment of a variety of psychiatric conditions
(eg, depression,16-18 tobacco use disorder,48 and alcohol use
disorder49) suggests a transdiagnostic mechanism of action.
In several studies in patients16-18,49-51 and in healthy
volunteers,32,52 the intensity ofmystical-type experiences re-
ported after psilocybin sessions was associated with favor-
ableoutcomes.Furthermore, cross-sectional studieshavesug-
gested that mystical-type and psychologically insightful
experiencesduringapsychedelic sessionpredictpositive thera-
peutic effects.53-55 Consistentwith theseprevious studies, the
current trial showed that psilocybin-occasioned mystical-
type, personallymeaningful, and insightful experienceswere
associated with decreases in depression at 4 weeks (eResults
in Supplement2). Furthermore, a recent report suggested that
psilocybin may decrease negative affect and the neural
correlates ofnegative affect,56whichmaybeamechanismun-
derlying transdiagnostic efficacy. Taken together, these find-
ings suggest that further studies into psychological and neu-
ral mechanisms across different psychiatric conditions are
warranted.

The present trial showed that psilocybin administered in
the context of supportive psychotherapy (approximately
11 hours) produced large, rapid, and sustained antidepres-
sant effects. The effect sizes reported in this study were ap-
proximately 2.5 times greater than the effect sizes found in
psychotherapy57 and more than 4 times greater than the ef-
fect sizes found in psychopharmacological depression treat-
ment studies.58 These findings are consistent with literature
that showed that combined pharmacotherapy and psycho-
therapy were more efficacious in the treatment of MDD than
either intervention alone.59-61 Furthermore, given that psilo-
cybinwasassociatedwithnonseriousadverseeffects thatwere
frequently reported as mild-to-moderate headache and
challenging emotions that were limited to the time of ses-
sions (eTables8 and9 inSupplement 2), this interventionmay
be more acceptable to patients than widely prescribed

antidepressant medications that confer substantially more
problematic effects (eg, suicidal ideation, decrease in sexual
drive, andweightgain).Theeffectivenessofpsilocybin therapy
after a single or only a few administrations represents an-
other substantial advantage over commonlyused antidepres-
sants that require daily administration.

Strengths and Limitations
This studyhas somestrengths. It hada randomizeddesignand
used GRID-HAMD as the primary outcomemeasure that was
assessedbyblindedclinicianraters.Thedelayedtreatmentcon-
dition controlled for the possible effects of having been ac-
cepted into the trial andfor thepassageof timebetweenscreen-
ing and initial follow-up assessments. However, the delayed
treatment condition did not control for other aspects of psi-
locybinadministration, suchaspreparationand rapport build-
ing, postsession integrationmeetings, or expectancy effects.
Althoughplacebo andactive treatment controlleddesigns are
widely used in therapeutic trials,62 they too have limitations
owing to the highly discriminable effects of psilocybin.

This study has some other limitations. It had a short-
term follow-up, a small sample thatwas predominantly com-
posed ofWhite non-Hispanic participants, and included par-
ticipants with low risk of suicide and moderately severe
depression. Further research with larger and more diverse
samples, longer-term follow-up, and a placebo control is
needed tobetter ascertain thesafety (eg, abusepotential ofpsi-
locybin, suicide risk, and emergence of psychosis) and effi-
cacy of this intervention among patients with MDD. Another
limitation is the psychotherapy approach31 that involved ses-
sion facilitators from a variety of professional disciplines
(eg, social work, psychology, psychiatry) and session facilita-
torswithout formalclinical training (eg, researchassistantsand
clinical trainees). The type of psychotherapy offered and
the characteristics of therapists should be explored in future
studies.

Conclusions
Results of this randomized clinical trial demonstrated the ef-
ficacyofpsilocybin-assisted therapy inproducing large, rapid,
andsustainedantidepressanteffectsamongpatientswithMDD.
These data expand the findings of previous studies involving
patients with cancer and depression as well as patients with
treatment-resistant depression by suggesting that psilocybin
may be effective in the much larger population of MDD. Fur-
ther studies are neededwith active treatment or placebo con-
trols and in larger and more diverse populations.
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