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Methodological Question: Do meta-analytic approaches and 
pooled analyses have utility in the prediction of effect size to 
navigate well-known challenges in reproducibility when advancing a 
Clinical Development Program from Phase 2 to Phase 3? Repeated 
demonstration of effect size from multiple independent pilot studies 
may provide a reasonable basis for statistical power calculations, 
despite small sample size. 

Introduction: Posttraumatic stress disorder (PTSD) substantially 
impacts daily functioning and lacks sufficient treatment options. 
Populations with significant exposure to developmental trauma and 
adverse childhood experiences (ACEs) are at a significantly higher 
risk of developing PTSD. As an adjunct to therapy, 3,4-
methylenedioxymethamphetamine (MDMA) has received 
Breakthrough Therapy Designation from FDA for treatment of 
PTSD, irrespective of cause and chronicity. Here we report the 
findings of the first randomized, double-blind, Phase 3 trial (MAPP1) 
assessing the PTSD treatment efficacy and safety of 3 sessions 
with a flexible dose of MDMA or placebo administered under direct 
observation to participants with severe PTSD (N=100) as an adjunct 
to therapy, as an example of a trial design informed by predictions 
from a Bayesian pooled effect size estimate. 

Methods: Bayesian methods of simply pooled effect size estimates are prone to 
Simpson’s paradox due to the underlying assumption of homogeneity across 
studies. Early pilot Phase 2 trials supported repeated observations of a large effect 
size (1 or greater, corrected for control). The MAPP1 trial was conservatively 
powered using a 30% reduction from the effect size estimated with Bayesian 
methods. To ensure homogeneity across groups, strict bias minimization 
procedures were implemented and followed throughout the study and in analysis. 

Results: Groups were not significantly different in terms of race, ethnicity, 
sex, age, dissociative subtype, disability, and CAPS-5 score at Baseline. 
Mean duration PTSD was 14.8 (SD:11.6) years. Change in PTSD symptoms 
were statistically very persuasive on both the de jure (p<0.0001) and de facto 
(p<0.0001) estimands, with large effect size (placebo-corrected Cohen’s d= 
0.91). Change in functional impairment associated with PTSD was also 
significant (p=0.0116, data not shown). No impact of the COVID pandemic 
was found based on a covariate analysis. Investigative site and baseline 
disease severity did not impact results. Dissociative subtype of PTSD (6 
MDMA, 13 placebo) was a significant covariate (p=0.0044). ACE score did 
not impact treatment efficacy (n.s.). 

Treatment-Emergent Related Adverse Events (MDMA/Placebo): Muscle 
tightness (63%/11%), Decreased Appetite (52%/11%), Nausea (30%/11%), 
Hyperhidrosis (20%/2%), Feeling Cold (20%/7%), Restlessness (15%/0%), 
Mydriasis (15%/0%), Dizziness [postural] (13%/4%), Bruxism (13%/2%), 
Nystagmus (13%/0%), BP Increase (11%/0%), Feeling jittery (11%/0%), Non-
cardiac Chest Pain (11%/2%), Dry Mouth (11%/4%), Vision Blurred (9%/2%), 
Pollakiuria (9%/2%), Intrusive Thoughts (9%/0%), Vomiting (9%/0%), Stress 
(9%/0%), Musculoskeletal Pain (9%/0%), Pyrexia (6%/2%), Chills (6%/0%), 
Cannabis use (6%/0%), Micturition urgency (6%/0%), Muscle twitching 
(6%/0%), Somnolence (6%/0%), Nervousness (6%/0%). 
AEs of Special Interest: No increase in Suicidality (6%/11%), Cardiac 
events (0%/2%), Abuse Potential of MDMA (0%/0%) over placebo .
3 SAEs in 2 participants (both placebo): Suicide attempt, Suicidal Ideation 
resulting in self-hospitalization 

Conclusion: Findings from the Phase 3 trial outperformed Bayesian effect 
size estimates by 14%, indicating the true effect was somewhere between the 
effect sizes observed in individual pilot studies and the Bayesian effect size. 
Although a 30% reduction is recommended from a Bayesian effect size to 
account for Simpson’s paradox, when sufficient attention is given to bias 
minimization and controlling as many possible sources of heterogeneity as 
possible, it appears that small pilot studies have predictive utility in estimating 
effect size of adequate and well-controlled Phase 3 trials.
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AUDIT and DUDIT measures and resting BP, BMI, results collected at Screening will be used as 
the Baseline value. 
 
8.5 Participant Disposition and Dosing Summary 

The All Enrolled Set will be included in the summary of participant disposition and 
accountability. The tabulation of number of participants in each treatment group and overall will 
be displayed for the Safety Set and in the mITT Set. The number and percent of participants who 
completed or discontinued the study will be displayed for each treatment group and overall 
together with reasons for early termination, where the percent is with respect to the total number 
of randomized participants in that treatment group. The timepoint of doses and total MDMA (mg) 
administered will be summarized by treatment group for the Safety and mITT Sets.  
 
8.6 Demographics and Baseline Characteristics 

Participant demographic data and Baseline characteristics will be summarized descriptively by 
treatment group and overall. The demographic data and baseline characteristics will be 
summarized for the mITT and Safety Sets.  
 
8.7 Efficacy Analyses 

For all primary, secondary, and exploratory endpoints descriptive statistics (n, mean, standard 
deviation, median, range, or counts and percentages where appropriate) will be provided by 
treatment group. Longitudinal CAPS-5 Total Severity Score and mean SDS item scores will be 
plotted across visits to characterize the onset of treatment effect. 
 
8.7.1 Primary Efficacy Analyses 

The de jure estimand of treatment efficacy will be used to estimate the causal effect of MDMA-
assisted psychotherapy on PTSD symptom severity in the intended population of patients with 
PTSD from any cause (Estimand 1 in Table 4). All efficacy analyses will be based on the mITT 
analysis set. The primary treatment comparison will be made at a 2-sided, 0.0499 level of alpha. 
The primary estimator of effects of initially randomized treatments will be the difference between 
groups in mean change in CAPS-5 Total Severity Scores from Baseline to 18 weeks after 
randomization (Visit 19). Least squares means from a restricted maximum likelihood (REML)-
based mixed model for repeated measures (MMRM) will be used to compare treatment groups at 
Visit 19. CAPS-5 data collected after treatment discontinuation will not be included in the de jure 
estimand. Missing data will not be imputed. The model is specified as follows: Let Yij be the 
change in the CAPS-5 score from the ith participant at the jth visit, i = 1, …, n and j = 1, 2, 3, 
corresponding to post-baseline visits 8, 13, and 19, respectively. The treatment variable Χi is the 
randomized treatment of the ith participant. The variables T1 and T2, are variables indicating if the 
data from that record are from visit 13, or 19, respectively. Covariates included in the MMRM 
model are the continuous baseline CAPS-5 Total Severity Score and the binary variable 
indicating dissociative subtype at baseline. Investigative site is included as a fixed effect.  The 
regression model is specified as follows: 
 

Yij = α + β1Xi + β21T1I(j=2) + β22T2I(j=3) + β31T1ΧiI(j=2) + β32T2Χi I(j=3) 

+ β4Baseline_CAPSi + β5DSi + φSitei + εij, 

 

Analyses: The primary and key secondary analyses followed a de jure 
estimand (Fig. 4) and controlled for baseline disease severity and 
dissociative subtype of PTSD (Fig. 5). Investigative site was included as a 
fixed effect. Sensitivity analyses included a de facto estimand and a 
covariate for COVID-19 impact. 

Figure 5. Least squares means change from Baseline was from a 
restricted maximum likelihood (REML-) Based mixed model for repeated 
measures (MMRM) at ⍺ < 0.0499 (2% ⍺ spent on blinded interim analysis)

Trial
Phase (Country) Population

Study Design
Primary Endpoint (Blinded)

Secondary Endpoints (Open Label)

Blinded Randomized 
Control vs. MDMA

Initial Doses
(+supplemental

half dose not shown)

Control-
corrected 
Effect Size

MP1 Phase 2 (US) Chronic PTSD (average 18.7 years); CAPS-IV >50
Blinded Placebo controlled with Open Label Crossover, 12-month FU

Primary: CAPS 2 months post 2 blinded experimental sessions
Secondary: CAPS 2 months post 2 and 3 sessions;

CAPS 12 months post 3rd session

0 mg (N=8) vs.
125 mg (N=15)

p=0.002

1.9

MP2 Phase 2 (Swiss) Chronic PTSD (average 17.8 years); CAPS-IV >50 (moderate)
Blinded Comparator controlled with Open Label Crossover, 12-month FU 

Primary: CAPS 3 weeks post 3 blinded experimental sessions
Secondary: CAPS 2 months post 3 sessions;

CAPS 12 months post 3rd session

25 mg  (N=5) vs.
125 mg  (N=8) 

n.s.
p=0.057

1.6

MP4 Phase 2 (CAN) Chronic PTSD (average 8.8 years); CAPS-IV >60 (severe)
Blinded Placebo controlled with Open Label Crossover, 12-month FU

Primary: CAPS 1 month post 2 blinded experimental sessions
Secondary: CAPS 1 month post 2 and 2-months post 3 sessions;

CAPS 12 months post 3rd session

0 mg (N=2) vs.
125 mg (N=4)

Early Terminated
N/A

-1.3
(placebo 

beat 
MDMA)

MP8 Phase 2 (US) Chronic PTSD in Vets (average 7.1 years); CAPS-IV >50 
(moderate)

Blinded Dose Finding with Open Label Crossover, 12-month FU
Primary: CAPS 1 month post 2 blinded experimental sessions

Secondary: CAPS 1 month post 2 and 2 months post 3 sessions;
CAPS 12 months post 3rd session

30 mg (N=7) vs.
75 mg (N=7) vs.
125 mg (N=12)

p=0.001

2.8
1.1
1.7

MP9 Phase 2 (US) Chronic PTSD (average 16.8 years); CAPS-IV >50 (moderate)
Blinded Comparator controlled with Open Label Crossover, 12-month FU 

Primary: CAPS 2 months post 2 blinded experimental sessions
Secondary: CAPS 1 month post 2 sessions;

CAPS 12 months post 2nd session

25 mg (N=3) vs.
125 mg (N=5)

Too small for formal 
analysis

N/A

1.3

MP12 Phase 2 (US) Chronic PTSD (average 28.9 years); CAPS-IV >50 (moderate)
Blinded Placebo controlled with Open Label Crossover, 12-month FU

Primary: CAPS 1 month post 2 blinded experimental sessions
Secondary: CAPS 1 month post 2 and 2 months post 3 sessions;

CAPS 12 months post 3rd session

40 mg (N=6) vs.
100 mg (N=9) vs.
125 mg (N=12)

n.s

0.4
0.4
0.1

All Studies: Bayesian Simple Pooling
Placebo/Comparator (0-40mg) vs. Therapeutically Active Dose (75-125mg)

Subset of active dose group had 3rd session (75-125mg)

Control (N=31)
vs. Active(N=72)

2 sessions: p<0.0001
Active (N=51)

3 sessions: p<0.0001

2 
sessions: 

0.8

Adjusted Effect Size for Phase 3 power: (– 30%) from 2 sessions
Assume 3 sessions is better than 2 based on continued within-subject 

improvement in Active MDMA group (1.4 vs. 1.9)

80mg Session 1
120mg Session 2&3

0.56

Figure 2. Phase 2 study designs and effect size informing Phase 3 design

Figure 6. CAPS-5 Mean (SEM) Baseline to Primary Endpoint (post 18 weeks)Cl
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p < 0.0001, d= 0.91
N=89, 46 MDMA

Figure 7. Treatment response (≧ 10 point reduction in CAPS-5 Severity)
Loss of Diagnosis (dichotomous CAPS-5 output), Remission (Loss of 
Diagnosis & CAPS-5 severity ≧ 11) as Percent total of participants treated.
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