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This multi-site, randomized, double-blind, confirmatory phase 3 study evaluated
the efficacy and safety of 3,4-methylenedioxymethamphetamine-assisted
therapy (MDMA-AT) versus placebo with identical therapy in participants
with moderate to severe post-traumatic stress disorder (PTSD). Changes in
Clinician-Administered PTSD Scale for DSM-5 (CAPS-5) total severity score
(primary endpoint) and Sheehan Disability Scale (SDS) functionalimpairment
score (key secondary endpoint) were assessed by blinded independent
assessors. Participants were randomized to MDMA-AT (n =53) or placebo with
therapy (n=>51). Overall, 26.9% (28/104) of participants had moderate PTSD, and
73.1% (76/104) of participants had severe PTSD. Participants were ethnoracially
diverse: 28 of 104 (26.9%) identified as Hispanic/Latino, and 35 of 104 (33.7%)
identified as other than White. Least squares (LS) mean change in CAPS-5score
(95% confidence interval (Cl)) was —23.7 (-26.94, -20.44) for MDMA-AT versus
-14.8 (-18.28, -11.28) for placebo with therapy (P < 0.001,d = 0.7). LS mean
changeinSDS score (95% CI) was —3.3 (-4.03, -2.60) for MDMA-AT versus —2.1
(-2.89,-1.33) for placebo with therapy (P=0.03, d = 0.4). Seven participants
had asevere treatment emergent adverse event (TEAE) (MDMA-AT, n=5(9.4%);
placebo with therapy, n=2(3.9%)). There were no deaths or serious TEAEs.
These data suggest that MDMA-AT reduced PTSD symptoms and functional
impairmentin adiverse population with moderate to severe PTSD and was
generally well tolerated. ClinicalTrials.gov identifier: NCT04077437.

Post-traumatic stress disorder (PTSD) is a serious neuropsychiatric = comorbidities, such as mood disorders and alcohol and substance
condition affecting approximately 5% of the US populationeachyear'. usedisorders**. Together, these factors are associated with symptom
Managing PTSD s particularly complicated inindividuals experiencing  exacerbation, treatment resistance and treatment discontinuation®’,
the dissociative subtype of PTSD, recurrent exposure to traumaand  Trauma-focused psychotherapies are the gold standard treatment for
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| 324 screened participants? |

203 participants excluded after screening

| 121 enrolled participants |

17 participants excluded after enrollment

53 participants randomized to MDMA-AT and completed
the first experimental session
53 completed the T2 endpoint (mITT set)

l

53 participants completed experimental session 2
53 completed the T3 endpoint

l

53 participants completed experimental session 3
1 chose to discontinue treatment
52 completed the T4 endpoint

|

52 participants completed the study and were included in
the analysis of the de jure estimand

Fig.1| CONSORT diagram. CONSORT diagram, indicating participant numbers
and disposition throughout the course of the trial. Endpoint assessments (T1,
T2,T3and T4) of CAPS-5and SDS were conducted after each experimental
session. “The number of individuals after aninitial phone screening who gave
informed consent. *Other reasons for exclusion could include withdrawal of
consent, adverse event or death, discontinuation of treatment by investigator,
lack of therapeutic rapport and illness or lost to follow-up. “One participant in the

104 participants had enrollment confirmed,
completed the preparatory session baseline
endpoint (T1) and randomized to treatment (ITT)

12 did not meet inclusion/exclusion criteria
1 declined to participate
4 excluded for other reasons®

51 participants randomized to placebo with therapy and
completed the first experimental session
3 chose to discontinue treatment
1 chose to discontinue treatment with no outcome
data (excluded from mITT)
1discontinued due to an AE
50 completed the T2 endpoint (mITT set)

l

46 participants completed experimental session 2
2 chose to discontinue treatment (1 missed CAPS-5 T3)
1 discontinued due to an AE (1 missed CAPS-5 T3)

44 completed the T3 endpoint

l

43 participants completed experimental session 3
43 completed the T4 endpoint
1 completed visit but had missing CAPS-5 T4°

l

43 participants completed the study, and 42 were included
in the analysis of the de jure estimand

placebo with therapy group completed the study but had missing item-level data
on the final CAPS-5 assessment, and the final assessment was not included in the
analysis of the de jure estimand. AE, adverse event; ITT, intention to treat; mITT,
modified intention to treat; T, time of endpoint assessment; T1, baseline; T2,
after experimental session1; T3, after experimental session 2; T4, 6-8 weeks after
experimental session 3 (18 weeks after baseline).

PTSD. However, many individuals have persisting symptomology, and
dropout rates are high®™%. Although the selective serotonin reuptake
inhibitors (SSRIs) sertraline and paroxetine are FDA approved for treat-
ing PTSD, 35-47% of individuals do not respond to treatment’. More
effective, therapeuticinterventions are needed to address the immense
individual, societal and economic burdens of PTSD'*".

Mounting evidence supports substituted phenethylamine
3,4-methylenedioxymethamphetamine-assisted therapy (MDMA-AT)
as a treatment for PTSD'>">, MDMA, an entactogen that promotes
monoamine reuptake inhibition and release (primarily by inducing
conformational change of pre-synaptic transporters'™), effectively
modulates fear memory reconsolidation, enhances fear extinction
and promotes openness and prosocial behavior'®?, Several phase 2
trials indicated that MDMA-AT has an acceptable risk-benefit profile
inindividuals with PTSD". A pivotal phase 3 study (MAPP1) showed
that MDMA-AT was generally well tolerated and met the trial’s primary
and secondary endpoints of reduced PTSD symptom severity and
decreased functional impairment™.

Due to disparities in trauma exposure, gender-diverse and
transgender individuals, ethnoracial minorities, first responders,
military personnel, veterans and victims of chronic sexual abuse have

a disproportionately higher risk of developing PTSD>*%, However,
these diverse populations are historically underrepresentedin clinical
trials®. Here we report the results of MAPP2, the second, confirmatory
phase 3 study that extends the findings of MAPP1 (refs. 12,30) in
an ethnoracially diverse population with moderate to severe PTSD
(Supplementary Table1).

Results

Demographics and baseline characteristics

Participants were recruited from 21 August 2020 to 18 May 2022 (last
participant visit on 2 November 2022). Overall, 324 individuals were
screened, and 121 were enrolled. Of these, 17 individuals did not meet
enrollment confirmation after initiation of preparation therapy, and
104 were confirmed for randomization: 53 were assigned to MDMA-AT
and 51to placebo with therapy (Fig. 1). Ninety-four participants com-
pleted the study, and nine discontinued (n =1MDMA-AT; n= 8 placebo
with therapy) (Fig.1and Supplementary Table 3).

Baseline characteristics were generally similar between groups
(Table1). Intotal, 74 of 104 (71.2%) participants were assigned female
sexatbirth, withahigher proportioninthe placebo with therapy group
(42/51, 82.4%) than the MDMA-AT group (32/53, 60.4%). Participants
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Table 1| Demographics and clinical characteristics of
participants at baseline

Characteristic MDMA-AT Placebo with
(n=53) therapy (n=51)
Age (years), mean (s.d.) 38.2(11.0) 40.0(9.6)
Sex assigned at birth, n (%)
Male 21(39.6) 9(17.6)
Female 32(60.4) 42(82.4)
Ethnicity, n (%)
Hispanic or Latino 17 (321) 11(21.6)
Not Hispanic or Latino 36 (67.9) 39(76.5)
Race, n (%)
American Indian/Alaska Native 0 2(3.9)
Asian 5(9.4) 6(11.8)
Black or African American 5(9.4) 3(5.9)
Native Hawaiian/Pacific Islander 0 1(2.0)
White 37(69.8) 32(627)
Multiple 6 (11.3) 7(13.7)
BMI (kgm™), mean (s.d.) 26.3(5.6) 247(4.9)
Duration of PTSD (years), mean (s.d.) 16.3(14.3) 161(12.4)
Dissociative subtype of PTSD, n (%) 13(24.5) 11(21.6)
Psychiatric disorder, n (%)
Comorbid major depression 49(92.5) 51(100)
Suicidal ideation 44(83.0) 47(92.2)
Trauma history, n (%)
Developmental trauma events 49(92.5) 43(84.3)
Combat exposure 9(17.0) 6(11.8)
Veteran status 9 (17.0) 7(13.7)
Multiple trauma events 40(75.5) 45(88.2)
Pre-study PTSD medication, n (%)
Paroxetine 1(1.9) 1(2.0)
Sertraline 15(28.3) 10 (19.6)
Pre-study therapy, n (%)
Cognitive behavioral therapy 15 (28.3) 14 (27.5)
Cognitive processing therapy 1(1.9) 1(2.0)
Dialectical behavioral therapy 4 (7.5) 2(3.9)
Eye movement desensitization reprocessing 17 (321) 18 (35.3)
Group therapy 9 (17.0) 15 (29.4)
Holotropic breathwork 0 3(5.9)
Prolonged exposure therapy 2(3.8) 0
Psychodynamic therapy 15 (28.3) 11(21.6)
Other 41(774)  42(82.4)
Baseline CAPS-5 total severity score, mean (s.d.) 39.4(6.6) 38.7(6.7)
Baseline PTSD severity, n (%)
Moderate (CAPS-5 score 28-34) 13 (24.5) 15 (29.4)
Severe (CAPS-5 score 235) 40(75.5) 36(70.6)
Baseline C-SSRS score, mean (s.d.)

Suicidal ideation 0.4(0.8) 0.3(0.6)
Ideation intensity 3.0(5.5) 2.8(5.3)
Baseline BDI-Il total score, mean (s.d.) 25.4(11.9) 25.5(11.3)

ACE questionnaire score, mean (s.d.) 4.8 (2.9) 45(27)

Table 1 (continued) | Demographics and clinical
characteristics of participants at baseline

Characteristic MDMA-AT Placebo with

(n=53) therapy (n=51)
Prior report of MDMA use, n (%)
Lifetime reported use 22 (41.5) 26 (51.0)
Reported use in the past 10years 13 (24.5) 18 (35.3)

“Medications were tapered and washed out before baseline assessments and the first
experimental session, in accordance with the protocol. ACE, adverse childhood experience;
BMI, body mass index.

were ethnically and racially diverse: 350f104 (33.7%) participantsiden-
tified their race as other than White, and 28 of 104 (26.9%) identified
their ethnicity as Hispanic/Latino. The mean (s.d.) duration of PTSD was
16.2(13.3) years. The mean (s.d.) Clinician-Administered PTSD Scale for
DSM-5 (CAPS-5) score at baseline was 39.0 (6.6) and was similar between
groups. Overall, 28 0f104 (26.9%) and 76 0f 104 (73.1%) participants had
moderate and severe PTSD, respectively; the dissociative subtype was
presentin 24 of 104 (23.1%) participants.

Primary outcomes

MDMA-AT significantly attenuated PTSD symptomology versus pla-
cebo with therapy, as measured by areductionin CAPS-5total severity
score from baseline to 18 weeks. Mixed models for repeated measures
(MMRM) analysis of the de jure estimand showed a least squares (LS)
mean (95% confidence interval (Cl)) change of -23.7 (-26.94, -20.44) for
MDMA-AT versus -14.8 (-18.28, -11.28) for placebo with therapy (treat-
ment difference: -8.9 (-13.70, —4.12), P< 0.001; Fig. 2a). The Cohen’s
d effect size of MDMA-AT versus placebo with therapy was d = 0.7; the
within-group effect sizes were d =1.95 for MDMA-AT and d =1.25 for
placebo with therapy. MMRM analysis of the de facto estimand revealed
anLS mean change (95% Cl) in CAPS-5scores of —23.7 (-26.97,-20.47)
for the MDMA-AT group versus —14.8 (-18.24, -11.33) for the placebo
with therapy group (P < 0.001).

Secondary outcomes

MDMA-AT significantly mitigated clinician-rated functional impair-
ment, as measured by areductionin the Sheehan Disability Scale (SDS)
from baseline. MMRM analysis of the de jure estimand revealed that
the LS mean change (95% CI) in SDS total scores was —3.3 (-4.03, -2.60)
with MDMA-AT versus -2.1(-2.89, -1.33) with placebo with therapy
(treatment difference: -1.20 (-2.26, -0.14); P=0.03, d = 0.4; Fig. 2b).
Improvements were observed across all domains, including family life,
social life and work life (Supplementary Table 4).

Exploratory outcomes

Inthe MDMA-AT group, 45 of 52 (86.5%) participants were responders with
aclinically meaningfulimprovement at 18 weeks after baseline, defined
as a 210-point reduction in CAPS-5 total severity score, versus 29 of 42
(69.0%) inthe placebo with therapy group (Fig. 3). By study end, 37 of 52
(71.2%) participantsin the MDMA-AT group no longer met DSM-5 criteria
for PTSD versus 20 of 42 (47.6%) participantsin the placebo with therapy
group. Furthermore, 24 of 52 (46.2%) participants inthe MDMA-AT group
and nine of 42 (21.4%) participants in the placebo with therapy group
met remission criteria (Fig. 3). The net number of participants needed
totreat for eachresponder analysis group was as follows: responder, six;
non-responder, six; loss of diagnosis, four; remission, four.

Covariate analyses demonstrated similar responsesto treatment
regardless of disease severity, risk of hazardous alcohol or substance
use disorder, severe adverse childhood experiences or dissociative sub-
type PTSD. The only measured exploratory covariate with a significant
interaction with treatment was lifetime history of SSRIuse, which was
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Fig. 2| Measures of efficacy in the MDMA-AT and placebo with therapy
groups. a, LS mean change (+s.e.m.) in CAPS-5 total severity score from baseline
to after session 3 (primary outcome) for placebo with therapy (n = 50) versus
MDMA-AT (n=53,P<0.001, Cohen’sd=0.7).b, LS mean change (+s.e.m.) in SDS
total score from baseline to after session 3 (key secondary outcome) for placebo
with therapy (n=50) versus MDMA-AT (n =53, P=0.03, Cohen’sd = 0.4).

associated withimproved efficacy of MDMA-AT (P = 0.02; Supplemen-
tary Table 5). Covariates significantly impacting the main effect were
sex assigned at birth and baseline Beck Depression Inventory (BDI)-1I
score; female sex assigned at birth and baseline BDI-Il score >23 were
both associated with improved outcomes irrespective of treatment
assignment (P < 0.05).

A blinding survey conducted at study termination showed that
33 of 44 (75.0%) participants in the placebo with therapy group were
certain or thought they received placebo, whereas nine of 44 (20.5%)
participantsinaccurately thought that they received MDMA, and two
of 44 (4.5%) participants could not tell. Inthe MDMA-AT group, 49 of 52
(94.2%) participants were certain or thought that they received MDMA;
one of 52 (1.9%) participants inaccurately thought that they received
placebo; and two of 52 (3.8%) participants could not tell (Supplemen-
tary Table 6). When asked for the reason for their belief in treatment
assignment, most participantsin the MDMA-AT group reported attrib-
uting their response on the blinding survey to experiencing positive
mental or emotional effect (45/52 (86.5%)) and positive physical effect
(29/52 (55.8%)), whereas most of the participants in the placebo with
therapy group reported experiencing no effect (28/44 (63.6%)).

Safety
Most participants (102/104, 98.1%) experienced at least one
treatment-emergent adverse event (TEAE) during the study (Table 2);

seven experienced a severe TEAE (MDMA-AT, n =5 (9.4%); placebo
with therapy, n=2(3.9%)). None had aserious TEAE. Two participants
(3.9%) inthe placebo with therapy group discontinued treatment due
to TEAEs. Frequently reported TEAEs (occurring withincidence >10%
and at least twice the prevalence in the MDMA-AT group versus the
placebo with therapy group) included muscle tightness, nausea,
decreased appetite and hyperhidrosis (Table 2). These were
mostly transient and of mild or moderate severity. At least one
treatment-emergent adverse event of special interest (TEAESI)
occurred in six of 53 (11.3%) participants in the MDMA-AT group and
three of 51 (5.9%) participants in the placebo with therapy group
(Table 2). No TEAESIs of MDMA abuse, misuse, physical dependence
or diversion were reported.

Eight participants (MDMA-AT, n =7; placebo with therapy, n=1)
experienced cardiac TEAEs, which included palpitations (MDMA-AT,
n=>5(9.4%); placebo with therapy, n=1(2.0%)) and tachycardia
(MDMA-AT, n=2 (3.8%)); all were mild. Nine participants (MDMA-AT,
n=7;placebowiththerapy, n=2) experienced vascular TEAEs; allwere
mild, except for one participant in the MDMA-AT group who had a his-
tory of hypertension, who was not taking anti-hypertensive medications
andwho experienced a TEAE of moderate hypertension (Supplementary
Table 7). Five participants had cardiac TEAESIs: four participantsin the
MDMA-AT group and one participantin the placebo with therapy group
reported palpitations (Supplementary Table 7). Participants in the
MDMA-AT group experienced temporary dose-dependent increases
in mean blood pressure (BP) and pulse during experimental sessions
comparedtothe placebo with therapy group (Supplementary Table 8).

Transient increases in heart rate and BP were expected and were
observed during experimental sessions in adose-dependent manner.
Greater fluctuations in BP were seen during experimental sessions 2
and 3 in the participants treated with MDMA, most likely due to the
higher doses of MDMA administered. These transient elevations did
notrequireclinicalintervention, including among the subset of partici-
pants with well-controlled hypertension. Because the current dosing
regimen involves administering a single, split drug dose under obser-
vation, for a limited number of times, each after a lengthy washout,
cardiovascular risk is likely to have been sufficiently mitigated by the
study procedures and screening measures.

Psychiatric TEAEs occurred at a similarly high frequency in both
groups (MDMA-AT, n = 44 (83.0%); placebo with therapy, n =37 (72.5%)),
withsuicidalideation, insomnia and anxiety reported most frequently.
Psychiatric TEAEs were mostly mild to moderate; three severe events
occurred in the MDMA-AT group (5.7%; n =1each: dissociation, flash-
back and grief reaction) and two in the placebo with therapy group
(3.9%; n=1each: agitation and anxiety). No severe TEAEs of suicidal
ideation or behavior were reported. Two participantsinthe MDMA-AT
group had suicidality TEAESIs of suicidal ideation, one of whom
engaged in non-suicidal self-injurious behavior. Two participants in
the placebo with therapy group had suicidality TEAESIs; one engaged
in non-suicidal self-injurious behavior, and one had suicidal ideation
and trichotillomania (Supplementary Table 9).

More than 80% (87/104) of participants had a lifetime history
of suicidal ideation; 13 of 53 (24.5%) in the MDMA-AT group and 12 of
51(23.5%) in the placebo with therapy group reported suicidal idea-
tion during the final preparation session (V4). The number of par-
ticipants reporting positive suicidal ideation varied throughout the
study but collectively never exceeded baseline values in either group
(Supplementary Fig. 2). Three participants (two MDMA-AT and one
placebo with therapy) had treatment-emergent active suicidal idea-
tionwithatleast someintent toact (Columbia-Suicide Severity Rating
Scale (C-SSRS) score of 4 or 5), which was observed on five occasions
(MDMA-AT, three events; placebo with therapy, two events) (Supple-
mentary Fig. 2). Of these, one participantin the MDMA-AT group with
no suicidal ideation at baseline had the emergence of active suicidal
ideation with at least some intent to act.
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Fig.3| Treatment response and remissionin the MDMA-AT (n = 53) and
placebo with therapy (n = 50) groups. A >10-point reductionin CAPS-5 total
severity score was considered to be clinically meaningful. Responders (>10-point
reduction from baseline), loss of diagnosis (=10-point reduction from baseline

MDMA-AT
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and no longer meeting PTSD diagnostic criteria) and remission (loss of diagnosis
and CAPS-5 total severity score of 11 or less) were tracked in both groups as a
percentage of participants. Non-responders were defined as any CAPS-5 total
severity score change <10-point reduction from baseline.

Discussion

In this confirmatory phase 3 study of participants with moderate to
severe PTSD, MDMA-AT significantly improved PTSD symptoms and
functional impairment, as assessed by CAPS-5 and SDS, respectively,
compared to placebo with therapy over 18 weeks. Notably, 45 of 52
(86.5%) participants treated with MDMA-AT achieved a clinically mean-
ingful benefit,and 37 of 52 (71.2%) participants no longer met criteria for
PTSD by study end. Ina historic first, to our knowledge, for psychedelic
treatment studies, participants who identified as ethnically or racially
diverse encompassed approximately half of the study sample. These
findings confirm and extend the results observed in MAPP1 (ref. 12),
with general consistency across endpoints.

Given the diverse population and degree of participant
complexity, thereplication of efficacy is particularly notable. In our
study, 26.9% (28/104) of participants expressed moderate PTSD,
whereas, in MAPP1, all participants expressed severe PTSD'. A sub-
stantial proportion of participants displayed comorbid features
associated with high treatment resistance’, such as major depres-
sion, multiple sources of trauma (including childhood and combat
trauma) and dissociative subtype PTSD. In keeping with MAPP1,
treatment was not significantly affected by disease severity, risk of
hazardous alcohol or substance use disorder, severe adverse child-
hood experiences or dissociative subtype. Furthermore, there was
no observed site-to-site variability and no differential effect if par-
ticipants stayed overnight after the experimental session. However,
lifetime history of SSRIs, female sex assigned at birth and BDI-II score
>23 at baseline were associated with positive impacts on outcomes
and may warrant further study based on the exploratory nature of
these analyses.

MDMA simultaneously induces prosocial feelings and softens
responses to emotionally challenging and fearful stimuli®, potentially
enhancing the ability of individuals with PTSD to benefit from psycho-
therapy by reducing sensations of fear, threat and negative emotional-
ity'®"”. The low dropout rate for MDMA-AT has been replicated across
seven studies, suggesting that MDMA induces a true shift in participant
engagement'>”, In contrast, arecent study comparing psychotherapies
in veterans with PTSD reported dropout rates of 55.8% and 46.6% for
prolonged exposure and cognitive processing therapy, respectively’'.
The MAPP2 dropout rate was 1.9% (1/53) in the MDMA-AT group and
15.7% (8/51) in the placebo with therapy group. The higher proportion
of dropouts in the placebo with therapy group relative to MDMA-AT
could be attributed to participants receiving less effective treatment
andtodisappointment fromineffective therapeuticblinding, although

blinding survey datashowed that not all participants correctly identi-
fied the treatment that they received.

Consistent with MAPP1, no new major safety issues were reported.
Common TEAEs were similar to previous studies and consistent with
expected effects of MDMA'>*?, Rates of cardiac TEAEs were low, and
increases in BP and pulse were mild, transient and consistent with
MDMA’s sympathomimetic effects’®****. Consistent with PTSD, suicidal
ideationwas observedinboth groups. MDMA did not appear toincrease
this risk, and nosuicidal behavior was observed. C-SSRS scores varied
throughout the study but never exceeded baseline values for either
group. Notably, there were five total events of treatment-emergent
C-SSRS scores of 4 or 5: three in the MDMA-AT group and two in the
placebo with therapy group. MAPP2 enrolled participants with a his-
tory of suicidality but excluded those witha current, serious imminent
suicide risk; thus, special attention to this vulnerable population is
warranted in future studies. In alignment with MAPP1 (ref. 12), there
were no reports of problematic MDMA abuse or dependence, including
in participants with histories of, or current, alcohol and substance use
disorders. However, it isimportant to note that participants with any
substance use disorder other than cannabis or alcohol in the 12 months
before enrollment were excluded from MAPP2, as were participants
with severe or moderate (in early remission) alcohol or cannabis use
disorder. However, exploratory findings from the MAPP1 phase 3 trial
indicated that MDMA-AT was actually associated with a significantly
greater reduction in mean Alcohol Use Disorder Identification Test
change scores compared to placebo with therapy, suggesting that
the effects of MDMA-AT on hazardous alcohol use secondary to PTSD
should be further studied®. Long-term data are also needed to assess
the risk of MDMA abuse or misuse after study participation.

Althoughthe sample sizes of the MAPP1and MAPP2 phase 3 studies
had 90% statistical power and were developed with guidance from the
FDA to ensure adequate, rigorous testing of outcomes, these evalu-
ations did not extend further than 2 months after therapy and were
intended to support an acute treatment course. To support these
studies, data from the ongoing follow-up of participants from phase
2 and 3 studies (ClinicalTrials.gov Identifier: NCT05066282) will be
important for further assessment of the long-term effectiveness of
MDMA-AT in participants with PTSD. Itis of interest to note that pooled
phase 2 analyses of participants with at least 12 months of follow-up
after their final MDMA-AT session have shown that LS mean CAPS-IV
scores continue toimprove between the final session and follow-up®.

Several limitations may impact the integration of MDMA-AT into
clinical care, including the exclusion of participants with high suicide
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Table 2 | Adverse events occurring during treatment

MDMA-AT Placebo with

(n=53) therapy (n=51)
Summary of TEAEs and TEAESIs, n (%)
Participants with >1 TEAE 53 (100) 49 (96.1)
Participants with >1severe TEAE 5(9.4) 2(3.9)
Participants with >1serious TEAE 0 0
Participants with >1 TEAE leading to 0 2(3.9)
study discontinuation
Participants with >1 TEAESI 6 (11.3) 3(5.9)
Most common?® TEAES, n (%)
Muscle tightness 31(58.5) 13(25.5)
Nausea 24 (45.3) 11(21.6)
Decreased appetite 19 (35.8) 5(9.8)
Hyperhidrosis 18 (34.0) 3(5.9)
Feeling hot 14 (26.4) 6 (11.8)
Feeling cold 11(20.8) 3(5.9)
Paresthesia 10 (18.9) 1(2.0)
Chest discomfort 9(17.0) 2(3.9)
Dry mouth 9 (17.0) 4(7.8)
Chills 8(15.1) 1(2.0)
Feeling jittery 8(15.1) 0
Restlessness 8(15.1) 2(3.9)
Vision blurred 8(15.1) 0
Bruxism 7(13.2) 1(2.0)
Nystagmus 7(13.2) 1(2.0)
Mydriasis 6(11.3) 0
Tremor 6 (11.3) 0

“The most common TEAEs occurring with incidence >10% and at least twice the prevalence in
the MDMA-AT group versus the placebo with therapy group.

risk, comorbid personality disorders and underlying cardiovascular
disease. Observed effect sizes for MDMA-AT (between-group, d=0.7;
within-subject, d =1.95) were similar to MAPP1 (ref. 12) (between-group,
d=0.91; within-subject, d = 2.1), and, although higher than those
observed in SSRI studies (ranging from 0.09 to 0.56 versus placebo
for sertraline and paroxetine®), the superiority of MDMA-AT over SSRIs
cannot be assumed withoutadirect comparison. The complex relation-
ship between SSRI use/history and MDMA-AT treatment efficacy was
beyond the scope of the current statistical analysis plan and sample
size but will be important to consider in future studies. In addition,
further study of MDMA with other forms of psychotherapy for PTSD
should be explored.

Thenotableeffect seeninthe placebo with therapy arm could sug-
gest the standalone value of the manualized inner-directed therapy that
was developed for use with MDMA. Additional head-to-head studies
willneed to be conducted to evaluate whether this form of manualized
therapy provides greater value in the treatment of PTSD than the cur-
rent first-line cognitive behavioral therapy and prolonged exposure
therapy treatments?”.

Although treatment expectancy, per se, was not measured in
this study, prospective treatment expectancy would likely have been
high in both study arms, with random assignment expected to dis-
tribute this equally between groups. Although expectancy effects
areawell-knownissuein psychiatric clinical trialsand are intertwined
with the observation of treatment benefit during a trial*®, several
observations support expectancy mitigation in the current study:

(1) the groups did not separate after the first experimental session;
(2) placebowiththerapy dropouts did not uniformly occur after the first
experimental session; and (3) blinding survey data (Supplementary
Table 6) showed that not all participants correctly identified the
treatment that they received.

The therapists who participated in this study were required to
complete the sponsor’s training program (see Supplementary Methods
for further details). To ensure consistent clinical practice and to miti-
gate harm, it may be of benefit for prescribers to complete additional
training and continuing education if MDMA-AT is approved for use by
aregulatory agency.

This confirmatory phase 3 trial showed consistent benefits of
MDMA-AT in an ethnoracially diverse group of individuals with long-
standing moderate to severe PTSD and numerous comorbidities. The
dropoutrate was low, and treatment was generally well tolerated. These
findings represent the culmination of over two decades of research®,
and, together with MAPP1, indicate that further consideration of this
treatmentin individuals with moderate to severe PTSD is warranted.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author contri-
butions and competinginterests; and statements of dataand code avail-
ability are available at https://doi.org/10.1038/s41591-023-02565-4.
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Methods

Study design and oversight

This multi-site, randomized, double-blind, placebo-controlled study
assessed the efficacy and safety of MDMA-AT versus placebo with
therapy in participants diagnosed with moderate or severe PTSD
(NCT04077437). Thirteen study sites (11 in the United States and two
inlsrael, bothinstitutional and private) participated. The trial was con-
ductedinaccordance withthe Good Clinical Practice guidelines of the
International Council for Harmonization and with the ethical principles
of the Declaration of Helsinki. Anindependent data monitoring com-
mittee ensured that the study was conducted safely and had sufficient
samplesize. Thereview boards and institutions that approved the study
protocol are listed in the Supplementary Methods.

Participants

After writteninformed consent, participants were screened for eligibil-
ity. Adults (=18 years of age) meeting the full DSM-5 criteria for current
PTSD per CAPS-5assessment***' and a CAPS-5 total severity score >28
(moderate or higher severity) with symptom duration of =6 months
were eligible for enrollment confirmation. During the Preparation
Period that preceded the Treatment Period, participants were tapered
off all psychiatric medications before baseline to avoid potential drug
interactions and confounding efficacy (Supplementary Fig. 1). Full
inclusion and exclusion criteria are outlined in the Supplementary
Methods.

Randomization and masking

Participants wererandomizedinal:1allocationandinablinded fashion
tothe MDMA-AT and placebo with therapy groups, stratified by clinical
site. Randomization was managed via an interactive web randomiza-
tion system (IWRS) (IT Clinical version 11.0.1) based on a centralized
randomization schedule developed by an independent third-party
vendor to maintain blinding.

A central pool of blinded independent assessors was used to
mitigate the risk of functional unblinding*. Assessors were trained
and supervised by independent consultants with expertise in PTSD
diagnosticsand the CAPS-5to ensureinter-rater reliability and validity
of assessments. Supervision involved reviewing each assessor’s first
two assessments as well as 20% of all assessments (chosen at random)
throughout the study, with each review resulting in detailed feedback
forthe assessor. Theindependent assessors were blinded to the general
study design, study visit, treatment assignment, number of treatments
received and any safety data for the participant. Participants were
instructed to withhold their opinion on treatment group assignment
and the number of completed visits from the independent assessors.
Each assessor conducted no more than one CAPS-5 assessment with
each participant to reduce potential bias and expectancy effect from
having conducted repeat CAPS-5s with a participant. Assessors were
also vetted before their onboarding to ensure that there were no con-
flicts of interest (such as other involvement within the Multidiscipli-
nary Association for Psychedelic Studies (MAPS) organization or a
bias toward MDMA-AT), and assessors were instructed to not expose
themselvestoscholarly presentations and papers related to MDMA-AT
for PTSD to maintain their blinding to study design.

Toensure that all site and sponsor staff were shielded from study
outcomes, the blinded independent assessor pool collected and stored
outcome measures in a dedicated database that was separate from
the blinded clinical database. A blinding survey was conducted at
study termination (visit 20) to assess if participants thought that they
received MDMA or placebo.

Procedures

Trial procedures were consistent with MAPP1 (ref.12). Enrolled partici-
pants underwent three 90-min preparation sessions with atwo-person
therapy team, including at least one licensed therapist, and were then

randomized 1:1 to receive MDMA-AT or placebo with therapy for
approximately 3 months. The treatment period consisted of three
8-hdosingsessions, in conjunction with therapy, spaced approximately
1monthapart. Therapy was conducted by trained personnelinaccord-
ance with the MAPS MDMA-AT treatment manual (https://maps.org/
treatment-manual) and trial protocol. During experimental sessions,
and in keeping with the dosing in MAPP], participants received a split
dose of 120-180 mg of MDMA or placebo. For the first experimen-
tal session, the initial dose of 80 mg was followed by a supplemental
half-dose of 40 mg. In the second and third experimental sessions,
theinitial dose 0f 120 mg was followed by a supplemental half-dose of
60 mg. The supplemental half dose was administered 1.5-2 h after the
initial dose. Participants in both treatment groups received identical
therapy. The 120-mg (80 mg + 40 mg) split dose was selected for the
firstexperimental sessionin phase 3 trials to allow patients to acclimate
to the treatment regimen using a clinical titration approach based on
clinician recommendations from a phase 2 trial in veterans and first
responders”. During the second and third experimental sessions, doses
were escalated to 180 mg (120 mg + 60 mg), as this was the most fre-
quently studied efficacious dose in phase 2 trials. This dosing regimen
also provides clinicians with the option of dose adjustmentsif needed.

Within the MDMA-AT group, three participants did not undergo
dose escalationin experimental sessions 2and 3, and two participants
experienced doseadministrationtimingerrors (Supplementary Table2).
Each experimental session was followed by three 90-min integration
sessions to support participants in processing and understanding their
experience (Supplementary Fig. 1). Full procedures, including details
on therapy teams and training, are outlined in the Supplementary
Methods.

Outcomes

Independent assessors conducted CAPS-5 and SDS outcome assess-
ments at baseline, after experimental sessions1and 2 and 6-8 weeks
after experimental session 3 (18 weeks after baseline) via video inter-
views. Primary and secondary objectives were mean change in CAPS-5
total severity and SDS scores, respectively, for MDMA-AT versus
placebo with therapy from baseline to 18 weeks after baseline.

Exploratory outcome measurements included characterization
of the treatment response and differences between the treatment
groups by demographics and characteristics. Responder analyses
were based on categorical diagnostic assessment data and the CAPS-5
total severity score assessment. PTSD severity was defined using the
CAPS-5 total severity score as follows: asymptomatic (0-10), mild
(11-22), moderate (23-34), severe (35-46) and extreme (47+) (ref. 41).
A >10-point reduction in CAPS-5 total severity score was considered
to be clinically meaningful as agreed upon with the FDA through a
Special Protocol Assessment. Four responder categories were derived
and compared at each post-experimental session visit using CAPS-5
scores. These categories were: non-responder (<10-point reduction
frombaseline), responder (=10-point reduction from baseline), loss of
diagnosis (>10-point reduction from baseline and no longer meeting
PTSD diagnostic criteria) and remission (CAPS-5 total severity score of
11orlessand no longer meeting PTSD diagnostic criteria).

Safety objectives included assessment of differences between
groups in severity, incidence and frequency of TEAEs, serious TEAEs,
TEAESIs, suicidal ideation and behavior and vital signs. TEAEs were
defined asany adverse event that occurred during the treatment period
fromthe first experimental session to the lastintegration session. The
severity of TEAEs was determined by the site physician as mild (no limi-
tation in normal daily activity), moderate (some limitation in normal
daily activity) or severe (unable to perform normal daily activity). A seri-
ous TEAE was defined as any unforeseen medical event at any dose of
thedrugthatresulted in death; waslife-threatening; required inpatient
hospitalization; caused significant disability or incapacity; resulted ina
congenitalanomaly or birth defect; or required intervention to prevent
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permanent impairment or damage. Serious TEAEs also included any
event, based on medical judgement, that jeopardized the participant
or may have required intervention to prevent one of the events listed
previously. With the exception of serious adverse event reporting,
relatedness to study drug was not assessed by investigators, to pre-
serve blinding. In an effort to identify common adverse events that
may be most related to MDMA, TEAEs occurring with incidence >10%
and at least twice the prevalence in the MDMA-AT group versus the
placebo with therapy group are reported. Suicidality was tracked at
each study visit using the C-SSRS (see the Supplementary Methods
for more information).

Statistical analysis
SAS version 9.4 (SAS Institute) was used for analyses. Sample size was
calculated to achieve a power of 90% at an alpha of 0.0499.

Efficacy was tested usingan MMRM analysis comparing the change
from baseline to 18 weeks after baseline in CAPS-5 and SDS scores
between treatment groups in two-sided tests with alpha set at 0.0499.
Thealphawasadjusted toaccount for anadministrative interim analy-
sis for sample size re-estimation conducted after all participants were
enrolled and 60% of primary endpoint data had been collected. Fixed
effects were treatment, visit, treatment group by visit interaction and
dissociative subtype; baseline CAPS-5 score was a covariate. Primary
and secondary efficacy analyses used a de jure (related to initially ran-
domized treatment) estimand and a supportive de facto (treatment
policy) estimand of the modified intention-to-treat population, which
required exposure to MDMA or placebo and at least one follow-up
CAPS-5assessment, asin MAPP1(ref.12). The dejure datasetincludedall
available data, except for 12 (one MDMA-AT and 11 placebo with therapy)
outcome measurements taken after treatment discontinuation in analy-
sisof treatment efficacy (Supplementary Table 3). Missed observations
were considered missing at random (MAR), and choice of thisassump-
tion was tested with a tipping point analysis (Supplementary Methods).

In additional exploratory analyses, 13 covariates were assessed
in the model, with alpha set at 0.0499: age, sex (self-reported), prior
use of selective SSRIs, work disability, disease severity, PTSD duration,
dissociative subtype, overnight site stay, site ID, moderate depression
(asmeasured by the BDI-II), severe adverse childhood experiences and
moderate alcohol and substance use disorder risk (as measured by the
Drug Use Disorders Identification Test and the Alcohol Use Disorders
Identification Test). Analyses of primary or secondary outcomes by
gender were not planned a priori; some exploratory analyses included
sex as a covariate (Supplementary Methods).

Safety analysis evaluated TEAEs at the participantlevel, including
all participants who received MDMA or placebo. Causal association
with MDMA was determined based onrelative incidence of TEAEs with
atleast a two-fold difference between groups.

Adverse events of special interest

Inaccordance with FDA guidance, special attention was paid to a subset
ofadverse events, TEAESIs, relating to cardiac function, suicide risk and
MDMA abuse, misuse or diversion. TEAESIs involving cardiac function
that could be indicative of QT prolongation or cardiac arrhythmias
were collected, including torsade de pointes, sudden death, ventricular
extrasystoles, ventricular tachycardia, ventricular fibrillation and flut-
ter, non-postural syncope and seizures. TEAESIs involving suicide risk
included suicide, suicide attempts, self-harm associated with suicidal
ideation, suicide ideation assessed as a score of 4 or 5 on the C-SSRS
and suicidal ideation judged by the investigator to be serious/severe.
TEAESIs involving terms of MDMA abuse, misuse, drug diversion,
dependence or overdose were also collected.

Reporting summary
Furtherinformation onresearch designisavailableinthe Nature Port-
folio Reporting Summary linked to this article.

Data availability

The data that support the findings of this study are available from the
sponsor beginning1year after completion of the trial. However, restric-
tions apply to the availability of these data, which were used under
license for the current study and so are not publicly available. Data
are, however, available from the authors upon reasonable request and
with the permission of the sponsor. All requests for raw and analyzed
data are promptly reviewed to verify if the request is subject to any
confidentiality obligations. Participant-related data not included in
the paper were generated as part of clinical trials and may be subject to
participant confidentiality. Any datathat canbe shared will be released
viaadatause agreement. Proposals should be directed to https:/maps.
org/datause. Source data are provided with this paper.

Code availability
Commercially available software (SAS version 9.4 or higher, SAS Insti-
tute) was used for analyses, in keeping with the statistical analysis plan.
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