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1 EXECUTIVE SUMMARY 

1.1 Introduction 

Lykos Therapeutics, Inc. (“Lykos”), formerly MAPS Public Benefit Corporation (MAPS 

PBC), is seeking approval for the use of midomafetamine (i.e., MDMA) capsules in 

combination with psychological intervention (i.e., MDMA-assisted therapy [MDMA-AT]), 

for the treatment of post-traumatic stress disorder (PTSD).  

MDMA is not currently approved for use in any market and is considered a new 

chemical entity. 

1.2 Background and Unmet Need 

PTSD can occur after a person is exposed to death, serious injury or sexual violence 

and is associated with morbidity that has substantial impact on day-to-day functioning. 

Symptoms create long-lasting distress or functional impairment. PTSD is associated 

with an all-cause mortality hazard ratio of 2.41 (95% CI [2.11-2.73]) (Ahmadi et al, 

2011). Family members also feel the effects of insufficiently treated PTSD. PTSD can 

cause fractured relationships, depression, inability to maintain employment, diminished 

cognitive and psychosocial functioning, and substance use disorders (Galovski & Lyons, 

2004).  

Lifetime prevalence rates of PTSD in the general adult population in the U.S. and 

Canada have been reported to range from 6.1% to 9.2% (Kessler et al, 2005; Van 

Ameringen et al, 2008; Koenen et al 2017; Goldstein et al, 2016). PTSD is estimated to 

affect approximately 13 million Americans each year, with women and disadvantaged or 

marginalized groups more likely to be affected (US Dept of Veteran Affairs, 2023; 

Goldstein et al, 2016). On average, patients experience PTSD symptoms for more than 

6 years (Kessler et al, 2017) and approximately 48% of patients remain untreated 

(Rodriguez et al, 2003).  

Evidence-based, individual trauma-focused psychotherapy is the recommended first line 

treatment over available pharmacologic interventions (VA/DOD, 2023; APA, 2019). 

However, even these effective therapies are associated with high dropout rates, poor 

access, and a highly variable benefit to patients (Hoge et al, 2014; Haagen et al, 2015; 

Najavits, 2015; Kantor et al, 2017; Lewis et al, 2020). 

Clinical guidelines provide a conditional recommendation for pharmacologic treatments 

due to “insufficient evidence of efficacy and safety in adequately designed placebo-

controlled trials”. These pharmacotherapies include two FDA-approved SSRIs for 

treatment of PTSD, sertraline (Zoloft®; first approved for PTSD in 1999) and paroxetine 

(Paxil®; first approved for PTSD in 2001), as well as another SSRI, fluoxetine, and a 

SNRI, venlafaxine, used off-label to treat PTSD (Apotex, 2021; Pfizer, 2021; 

APA, 2019). Approved PTSD medications require daily dosing for at least 12 weeks for 

efficacy (Apotex, 2021; Pfizer, 2021), and long-term, consistent use is generally 

necessary to maintain effectiveness (VA/DOD, 2023). In addition, the response rates of 
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1.5 Clinical Pharmacology 

The assessment of clinical pharmacology is based on data from the published literature, 

including one study where right of reference was obtained by the Sponsor, and a 

sponsored pharmacokinetic (PK) study on the effect of food on the relative 

bioavailability of MDMA in healthy volunteers. Key findings include: 

• Metabolites of MDMA include the minor but active metabolite MDA and the major 

inactive metabolite HHMA. 

• MDMA is not a substrate for intestinal or hepatic transporters and is not actively 

transported into tissues. 

• MDMA is primarily eliminated by hepatic metabolism with minimal renal 

contribution. 

• MDMA is a strong CYP2D6 inhibitor and has been shown to perpetrate PK drug 

interactions due to inhibition of CYP2D6. 

• MDMA is also metabolized by CYP2D6, but no meaningful interactions have 

been described with MDMA as a victim of drug-drug interactions.  

• Population PK analyses did not identify any clinically significant covariates by 

age, sex, race, or food consumption. 

• A food effect study demonstrated that the pharmacokinetics of MDMA are 

bioequivalent when MDMA is administered with or without food. Absorption was 

delayed when administered with food.  

• Onset of MDMA effects occurs 30 to 60 minutes after oral administration, peak 

effects occur 75 to 120 minutes post-drug, and the duration of effects lasts from 3 

to 6 hours.   

1.6 Pivotal Phase 3 Studies: MAPP1 and MAPP2 

1.6.1 Study Design 

The two Phase 3 pivotal trials, MAPP1 and MAPP2, were confirmatory, randomized, 

double-blind, placebo-controlled, multi-site studies conducted sequentially to evaluate 

safety and efficacy in participants with severe PTSD (MAPP1) and at least moderate 

PTSD (MAPP2) which utilized the same design (Figure 3). Placebo with identical 

psychotherapy (as was provided to the MDMA group) was chosen as the comparator for 

Phase 3 with Agency consultation after consideration of other potential controls. The 

underlying therapeutic program was administered to both treatment arms. 

Phase 3 studies began with a screening and preparation phase including 2 preparatory 

sessions and a washout period for participants taking any prohibited psychiatric 

medication. Prohibited medications included any used for the treatment of PTSD (e.g., 

selective serotonin reuptake inhibitors [SSRIs], serotonin and norepinephrine reuptake 

inhibitors [SNRIs], cannabis) and any medication with significant serotonergic effect 
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Key Secondary Endpoint:  Mean change in clinician-rated functional impairment, as 

measured by the Sheehan Disability Scale (SDS) from 

Baseline to Week 18 

The primary (Section 6.3.1) and key secondary (Section 6.3.2) efficacy measures 

utilized in the pivotal Phase 3 studies are standard measurements, widely used in 

clinical trials and generally recognized as reliable, accurate, and relevant for the 

assessment of participants with PTSD.  

1.7 Efficacy Findings 

1.7.1 Primary Endpoint Results 

In MAPP1, both treatment groups demonstrated clinically meaningful improvements in 

PTSD symptoms, as assessed by the least squares (LS) mean change from baseline in 

the CAPS-5 TSS. The changes from baseline were 24.5 points and 12.6 points in the 

MDMA-AT and placebo with therapy groups, respectively. The difference between 

groups (11.86) was statistically significant (p < 0.0001) and favored the MDMA-AT 

group (Figure 4).  

Figure 4: MAPP1 Primary Endpoint: Clinically Meaningful Improvement with 

Statistically Significant Difference between Groups in CAPS-5 TSS 

(mITT) 

CAPS-5: Clinician-Administered PTSD Scale for DSM-5; LS: least squares; MDMA-AT: 3,4-

methylenedioxymethamphetamine-assisted therapy; mITT: modified intent-to-treat; SE: standard error 

Note: Bars indicated ±1 SE 

MMRM analysis uses all mITT participants. 

Source: MAPP1 CSR Amendment, Table 14.2.1.1.1 

In MAPP2, both treatment groups demonstrated clinically meaningful improvements in 

PTSD symptoms, with LS mean reductions in CAPS-5 TSS of 23.7 points and 14.8 

points in the MDMA-AT and placebo with therapy groups, respectively. The difference 
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between groups (8.91) was statistically significant (p = 0.0004) and favored the 

MDMA-AT group (Figure 5).  

Figure 5: MAPP2 Primary Endpoint: Clinically Meaningful Improvement with 

Statistically Significant Difference between Groups in CAPS-5 TSS 

(mITT) 

 

CAPS-5: Clinician-Administered PTSD Scale for DSM-5; LS: least squares; MDMA-AT: 3,4-

methylenedioxymethamphetamine-assisted therapy; mITT: modified intent-to-treat; SE: standard error 

Note: Bars indicated ±1 SE 

MMRM analysis uses all mITT participants. 

Source: MAPP2 CSR, Table 14.2.1.1.1 

1.7.2 Responder Analyses of Primary Endpoint 

In MAPP1, a higher proportion of participants in the MDMA-AT group compared to the 

placebo group were classified via their CAPS-5 TSS at Week 18 as Responders (88.1% 

vs. 62.2%). Treatment differences were also observed for the more conservative 

CAPS-5 categories of Loss of Diagnosis (66.7% vs. 32.4%), and In Remission (33.3% 

vs. 5.4%) (Figure 14). 

In MAPP2, a higher proportion of participants in the MDMA-AT group compared to the 

placebo group were classified via their CAPS-5 TSS at Week 18 as Responders (86.5% 

vs. 69.0%). Treatment differences were also observed for the more conservative 

CAPS-5 defined categories of Loss of Diagnosis definition (71.2% vs. 47.6%), and In 

Remission (46.2% vs. 21.4%) (Figure 19). 

1.7.3 Long-Term Follow-Up Study Results 

Eligible participants were strongly encouraged to participate in a separate LTFU study, 

MPLONG, in which the follow-up assessments were to occur at least 6 months after the 

last treatment in the parent study (Section 6.8). This study collected follow-up data, 

including one additional CAPS-5 assessment, at least 6 months after the last 
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affect approximately 13 million Americans each year, with women and disadvantaged or 

marginalized groups more likely to be affected (US Dept of Veteran Affairs, 2023; 

Goldstein et al, 2016). On average, patients experience PTSD symptoms for more than 

6 years (Kessler et al, 2017) and approximately 48% of patients remain untreated 

(Rodriguez et al, 2003).  

Common comorbidities of PTSD include anxiety and depression, as well as increased 

risk of suicide (Barbano et al, 2019; Nichter et al, 2019). PTSD is also associated with 

increased risk of Type 2 diabetes and cardiovascular disease (Seligowski et al, 2022; 

Lukaschek et al, 2013). Diagnosis with PTSD is associated with a 53% increase in 

incident cardiac events or cardiac specific mortality, with the risk remaining at 27% after 

adjusting for depression (Edmondson and von Kanel, 2017).  

2.2 Current Treatment Options 

There have been numerous clinical guidelines published for the treatment of PTSD 

(APA, 2019). Most recommend evidence-based, individual trauma-focused 

psychotherapy (e.g., prolonged exposure, cognitive behavioral therapy [CBT], cognitive 

processing therapy [CPT], and eye movement desensitization therapy [EMDR]) as first 

line treatment over available pharmacologic interventions (VA/DOD, 2023; APA, 2019). 

However, even these effective therapies are associated with high dropout rates 

(> 46.6%), poor access, and a highly variable benefit to patients (Hoge et al, 2014; 

Haagen et al, 2015; Najavits, 2015; Kantor et al, 2017; Lewis et al, 2020). 

Clinical guidelines also provide a conditional recommendation for pharmacologic 

treatments due to “insufficient evidence of efficacy and safety in adequately designed 

placebo-controlled trials”. These pharmacotherapies include two FDA-approved SSRIs 

for treatment of PTSD, sertraline (Zoloft®; first approved for PTSD in 1999) and 

paroxetine (Paxil®; first approved for PTSD in 2001), as well as another SSRI, 

fluoxetine, and a SNRI, venlafaxine, used off-label to treat PTSD (Apotex, 2021; Pfizer, 

2021; APA, 2019).  

Approved PTSD medications require daily dosing for at least 12 weeks for efficacy 

(Apotex, 2021; Pfizer, 2021), and long-term, consistent use is generally necessary to 

maintain effectiveness (VA/DOD, 2023). In addition, the response rates of SSRIs rarely 

exceed 60%, and less than 20% to 30% of the patients achieve remission (Berger et al, 

2009).  

SSRI/SNRI tolerability is also major concern as adverse drug reactions associated with 

chronic daily treatment include sexual dysfunction/loss of libido, headaches, insomnia, 

decreased appetite, anxiety/feeling jittery, dizziness, nausea, diarrhea, and constipation 

(Edinoff et al, 2021). Withdrawal effects of these medications are also common and can 

be serious, leading to the recommendation to taper at discontinuation and to monitor 

patients for antidepressant discontinuation syndrome (ADS) symptoms: flu-like 

symptoms (lethargy, fatigue, headache, achiness, sweating), insomnia (with vivid 

dreams or nightmares), nausea (sometimes vomiting), imbalance (dizziness, vertigo, 
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facilitate states of introspection and personal reflection (Hysek et al, 2014; Kirkpatrick et 

al, 2014b). These effects are thought to be primarily mediated by release of serotonin 

(5-HT) (Hysek et al, 2012; Liechti et al, 2000a) and norepinephrine (Hysek et al, 2011), 

and the activation of 5-HT2 receptors (Liechti et al, 2000b). Additionally, MDMA 

releases oxytocin (Hysek et al, 2014; Dumont et al, 2009; Francis et al, 2016), which 

may contribute to the mediation of its prosocial effects (Ramos et al, 2013; Thompson et 

al, 2007). It is also known to produce mild perceptual alterations, attenuated compared 

with classic hallucinogens, such as lysergic acid diethylamide (LSD) and psilocybin 

(Holze et al, 2020). 

The molecular basis for the mechanism of action of MDMA is still under study. MDMA 

concomitantly promotes release, inhibits reuptake, and extends duration of serotonin, 

and to a lesser extent, norepinephrine and dopamine in the synaptic cleft to increase 

monoaminergic neurotransmission (Rudnick and Wall, 1992; Verrico et al, 2007). In 

addition, disruption of VMAT2 function by MDMA leads to increased neurotransmitters 

efflux into the synapse (Lizarraga et al, 2015). Importantly, it is well established that 

MDMA preferentially stimulates serotonin release and results in relatively little increase 

in synaptic dopamine (Schenk and Highgate, 2021). For an overview of the 

pharmacological effects of MDMA at the serotonin terminal and synapse, see Figure 8. 

Figure 8: Pharmacological Effects of MDMA at Serotonin Terminal and Synapse 

 

5-HT: 5-hydroxytryptamine (serotonin) receptor subtype; MDMA: 3,4-methylenedioxymethamphetamine; SERT: 
serotonin transporter; VMAT2: vesicular monoamine transporter 2 
Source: Pharmacology Written Summary, Figure 1 
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3.4.2 Proposed Mechanism of Action Related to Therapeutic Benefit 

Evidence from both clinical and nonclinical research indicate that MDMA provides the 

opportunity for a corrective emotional experience and cognitive processing of the 

trauma in the context of therapy, which may facilitate a long-term therapeutic effect. The 

prosocial effects of MDMA include enhanced sociability, empathy, and trust, while 

reducing defenses and fear of emotional injury, and making unpleasant memories less 

disturbing while enhancing communication and capacity for introspection (Bedi et al, 

2014; Wardle and de Wit, 2014; Wardle et al, 2014; Carhart-Harris et al, 2015). 

The initial therapeutic effects of MDMA-AT may be evident within a short period of 

treatment and may include increased feelings of interpersonal closeness, changes in 

social perception, and reduced anxiety. Longer term effects may be related to changes 

in the way a brain with PTSD processes fear memories and/or social reward learning 

and may lead to the long-term behavioral alterations associated with treatment effect 

(Nardou et al, 2019). 

3.4.3 Mechanism of Action Related to Abuse Potential 

Effects of MDMA are distinct from psychostimulants such as d-amphetamine and 

methamphetamine, which primarily activate dopamine and norepinephrine systems, 

with only minimal effects on serotonin (Simmler et al, 2013; Verrico et al, 2007). 

Typically, the higher the ratio of dopamine to serotonin released by a drug, the more 

likely that drug is to be abused (Schenk and Highgate, 2021). For example, SSRIs are 

not typically considered to be drugs of high abuse liability or likely to lead to 

dependence or substance use disorders (Lichtigfeld and Gillman, 1998). Thus, as 

MDMA is a drug that preferentially stimulates release of serotonin, it is predicted to have 

low abuse potential with episodic use.  

However, repeated (frequent and/or extensive) MDMA use may result in compromised 

serotonin signaling, decreasing the inhibitory effects of serotonin, and leading to 

enhanced dopamine neurotransmission in response to MDMA (Schenk et al, 2011). It is 

this response that is thought to be responsible for the transition to disordered use and 

dependence. These data are further supported by nonclinical studies reporting that 

repeated MDMA exposure may produce a neuroadaptive response that is more aligned 

with other drugs of abuse (Lanteri et al, 2014). 

3.5 History of MDMA 

Human use of MDMA was reported as early as the late 1960s (Pentney, 2001; Shulgin 

and Nichols, 1978). MDMA was reported to be administered in a psychotherapeutic 

context in 1977 and onward, prior to MDMA being listed as a Schedule I substance in 

1985 (Passie, 2018). It is estimated that MDMA was administered to thousands of 

people in therapeutic settings prior to scheduling and use continued around the world in 

various non-medical contexts after scheduling (Sumnall et al, 2006; Carlson et al, 2005; 

Cole and Sumnall, 2003; UNODC, 2023). 
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066384 regarding the PTSD development program. In addition to these meetings, there 

were numerous written correspondences with the Agency.  

In December 2023, the Sponsor submitted the final sequence in a series of rolling 

submissions and the FDA initiated filing review of the NDA for MDMA used in 

combination with psychological intervention for the treatment of PTSD. In February 

2024, FDA filed the application and granted Priority Review. 

Of note, the Sponsor has also undergone changes throughout this development 

program. Initially, IND 066384 was opened by MAPS in 2001. Beginning in 2015, MAPS 

sponsored studies were implemented through its subsidiary, MAPS Public Benefit 

Corporation (MAPS PBC). In 2023, MAPS transferred ownership of the IND and NDA to 

MAPS PBC. In 2024, MAPS PBC changed its name to Lykos Therapeutics, Inc. 

(“Lykos”). 

4.2 Development Program 

4.2.1 Clinical Development 

MDMA-AT has been studied in Phase 1, 2, and 3 trials. The efficacy of MDMA-AT in the 

treatment of PTSD has been demonstrated by the results of 2 adequate and well-

controlled Phase 3 studies, supported by the results of Phase 2 studies. The safety 

profile is based on the results of the Sponsor’s clinical development program in 

17 clinical studies, with 427 participants exposed to MDMA (287 participants with PTSD 

and 140 healthy volunteers) and informed by the published literature. These studies are 

summarized below, and additional detail is provided in Table 29 (Appendix 11.1).  

The primary sources of data presented in this briefing document are as follows: 

• Efficacy data: 2 adequate and well-controlled Phase 3 clinical studies, MAPP1 

and MAPP2. These pivotal, randomized, double-blind, placebo-controlled, 

multi-site trials were conducted in participants with PTSD.  

• Durability of the treatment response (i.e., persistence of effectiveness 

following acute treatment): an observational LTFU study (MPLONG) enrolling 

participants from the Phase 3 studies (MAPP1 and MAPP2). All participants from 

parent studies MAPP1, MAPP2, MP16, MP17, and MAPPUSX were informed 

about the MPLONG LTFU study and given the opportunity to participate at least 

6 months after their final medication session in the parent study. The durability 

results from participants who were enrolled in the Phase 3 studies MAPP1 and 

MAPP2 and subsequently enrolled in MPLONG are summarized in this briefing 

document. 

• Pooled safety data: Six studies (MAPP1, MAPP2, MAPPUSX, MP-8, MP-12, 

MP16) were pooled for the safety analyses. Pooling rationale is provided in 

Appendix 11.1. The focus of the discussion of safety in this briefing document is 

the pooled data from the Phase 3 studies (MAPP1 and MAPP2). 







Lykos Therapeutics  
 Midomafetamine with Psychological Intervention (MDMA-AT) 

Psychopharmacologic Drugs Advisory Committee 

 

  Page 36 of 145 

 

(Figure 9). MDA is formed primarily by CYP2B6, and to a lesser extent by CYP2D6, with 

minor contributions from additional cytochrome P450 (CYP) isozymes (CYPs 2C19, 

1A2, 3A4, and 2C8). HHMA is formed primarily by CYP2D6, with minor contribution 

from additional CYP450 isozymes (CYPs 1A2, 2B6, 2C19, 2C8, 2C9, and 3A4). The 

fraction metabolized via CYP2D6 is estimated to be 0.85 per the Sponsor’s PBPK 

model. Metabolites are primarily excreted as glucuronide and sulfate conjugates 

(Steuer et al, 2015a; Steuer et al, 2015b; Schwaninger et al, 2011; Abraham et al, 2009; 

Helmlin et al, 1996).  

Figure 9: Metabolism of MDMA in Humans 

 

COMT: catecholamine-O-methyltransferase; CYP: cytochrome P450; HHA: 3,4-dihydroxyamphetamine; 

HHMA: 3,4-dihydroxymethamphetamine; HMA: 4-hydroxy-3-methoxyamphetamine; HMMA: 4-hydroxy-3-

methoxymethamphetamine; MDA: 3,4-methylenedioxyamphetamine; MDMA: 3,4-methylenedioxymethamphetamine 

Source: Summary of Clinical Pharmacology Studies, Figure 5 

5.3 Pharmacokinetics 

Highlights of MDMA PK include: 

• MDMA is readily absorbed following oral administration, with time of observed 

maximum concentration (Tmax) of 2 hours under fasting conditions and 4 hours 

when MDMA is administered with a high-fat/high-calorie meal (MPKF study). 
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• MDMA has been shown to be partially bound to plasma proteins in humans. The 

mean unbound fraction of MDMA in human plasma was 83.5%.  

• MDMA’s large volume of distribution is consistent with the relatively low plasma 

protein binding. 

• The oral clearance (CL/F) of MDMA was 29.5 L/hr (MPKF study). 

• Half-life (t1/2) was 8.7 hours following a single dose of 120 mg MDMA (MPKF 

Study). 

• MDMA is not a substrate for intestinal transporters (MDR1, BSEP, and BCRP) or 

hepatic transporters (OATP1B1 and OATP1B3) and is not actively transported 

into tissues.  

• Renal excretion of MDMA and metabolites is low (<20%) (Abraham et al, 2009; 

Schwaninger et al, 2011). MDMA is not likely to exhibit altered PK in patients with 

renal impairment. A renal impairment study was therefore not required by the 

FDA. 

MDMA has a large degree of interindividual variability in PK, likely due to MDMA 

inhibition of CYP2D6 and thus its own metabolism. CYP2D6 genotype has a small 

impact on MDMA PK that is not clinically meaningful (MPKF study; Schmid et al, 2016). 

PopPK analyses did not identify any clinically significant covariates by age, sex, race, or 

food consumption.  

Study MPKF demonstrated no effect of food on the Cmax and AUC of MDMA or MDA. 

There was a delay in the Tmax when MDMA was administered in the fed state with a 

high-fat/high-calorie meal, which did not generally affect the time course of subjective 

effects. Thus, MDMA can be administered with or without food. 

In the proposed treatment of PTSD, MDMA is to be administered as a split dose to 

extend peak effects. In the PBPK model, the overall Cmax and AUC did not differ 

meaningfully between simulated single doses and split doses for the same total dose. 

However, split dose administration of MDMA reduced AUC within the first 4 hours and 

Tmax was delayed by approximately 1 hour, relative to single dose administration, 

consistent with the intent to facilitate a more gradual onset and extend peak effects.   

The PK of MDMA has not been studied in patients with hepatic impairment. Hepatic 

metabolism of MDMA is a major route of its elimination (de la Torre et al, 2000; 

de la Torre et al, 2004). A post-marketing PK study is planned in participants with 

moderate hepatic impairment. 

5.4 Drug-Drug Interactions (DDIs) 

5.4.1 Effect of MDMA on Other Drugs 

MDMA has been shown to be a rapid, potent, reversible, and time-dependent CYP2D6 

inhibitor (Kolbrich et al, 2008a; de la Torre et al, 2004; Sponsor’s in vitro data). No 
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clinical studies have been conducted by the Sponsor evaluating clinical PD- or PK-

related DDIs of MDMA. The Sponsor’s in vitro data, PBPK modeling, and a review of 

literature describing clinical DDIs with MDMA indicates that the primary liability of 

MDMA is as a perpetrator of DDI when administered in combination with sensitive 

CYP2D6 substrates. These changes may be clinically meaningful. The PBPK model 

substantiated these effects. 

• Effect of MDMA on CYP2D6 substrates: Published and clinical DDI studies have 

demonstrated ~10-fold higher plasma levels of dextromethorphan when 

administered with MDMA (O’Mathúna et al, 2008; Yubero-Lahoz et al, 2011). 

Paroxetine is a serotonin reuptake inhibitor that is sometimes prescribed for 

individuals with PTSD and is metabolized in part via CYP2D6. MDMA was 

demonstrated to increase the Cmax and AUC0-8 of paroxetine by 2.5- and 3-fold, 

respectively (Segura et al, 2005). 

• MDMA was identified to be an in vitro weak inhibitor of renal transporters at high 

concentrations in sponsored in vitro studies. However, PBPK modeling of the 

effects of MDMA on metformin, a drug sensitive to renal transport, identified no 

clinically meaningful DDI.  

MDMA and paroxetine are both strong CYP2D6 inhibitors. Paroxetine is inherently 

~100-fold more potent as a CYP2D6 inhibitor than MDMA (Ki 0.15 uM and 26.2 uM, 

respectively) (Crewe et al, 1992). However, they differ in the clinical plasma 

concentrations and dosing regimens required for efficacy. MDMA is designed for 

single-dose use repeated three times at least 21 days apart, whereas paroxetine is a 

daily chronic medication. The effect of MDMA on the sensitive CYP2D6 substrate, 

dextromethorphan (~10-fold increase in dextromethorphan plasma concentrations) is 

similar to the effect of paroxetine on the CYP2D6 substrate desipramine (~6-fold 

increase in desipramine plasma concentrations) (Alderman et al, 1997).  

DDIs in the Proposed Labeling: 

• Prescribers should consider dose adjustment for drugs metabolized by CYP2D6, 

particularly for those with a narrow therapeutic index, or use an alternative 

medication.  

• Clinical DDI data (in vitro, simulated, and published) indicate that MDMA is a 

strong CYP2D6 inhibitor and should be administered with caution with CYP2D6 

substrates, particularly those with a narrow therapeutic index.  

• Concomitant use of MDMA and monoamine oxidase inhibitor (MAOIs) within 

14 days is contraindicated because of an increased theoretical risk of causing 

hypertensive reactions and serotonin syndrome. At least 14 days should elapse 

between discontinuation of an MAOI and treatment with MDMA. As with other 

drugs with this mechanism of action (MOA), there is a theoretical risk of 

developing serotonin syndrome when MDMA and SSRIs are concomitantly 

administered. 
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5.4.2 Effect of Other Drugs on MDMA 

The effect of the CYP2D6 inhibitors paroxetine and bupropion on the PK of MDMA has 

been evaluated in clinical studies (Segura et al, 2005; Schmid et al, 2015). These 

studies demonstrated no clinically meaningful effect of CYP2D6 inhibitors on the PK of 

MDMA. This is likely because MDMA inhibits its own CYP2D6-mediated metabolism 

and thus additional CYP2D6 inhibition is not impactful. These data were substantiated 

by the PBPK model. 

5.5 Pharmacodynamics 

In humans, the onset of MDMA effects occurs 30 to 60 minutes after oral administration 

(Cami et al, 2000; Mas et al, 1999), peak effects appear 75 to 120 minutes post-drug 

(Kolbrich et al, 2008a; Tancer and Johanson 2003; Harris et al, 2002; 

Liechti et al, 2001; Vollenweider et al, 1998), and the duration of effects lasts from 3 to 6 

hours (Harris et al, 2002; Liechti et al, 2001; Vollenweider et al, 1998). In the Phase 3 

studies MDMA was administered as a split dose (80 mg followed by 40 mg and 120 mg 

followed by 60 mg).  

Most effects of MDMA likely arise directly from monoamine reuptake inhibition and 

release at the monoamine transporters, and indirectly from activation of downstream 

monoamine receptors and subsequent secretion of neuromodulators oxytocin and 

arginine vasopressin (AVP). MDMA binds primarily to membrane-bound monoamine 

transporters, which remove monoaminergic neurotransmitters from the synaptic cleft 

(Figure 8). 

MDMA has a diverse array of secondary pharmacodynamics. MDMA has effects 

outside the CNS; namely on the cardiovascular, osmoregulatory, thermoregulatory, and 

immune systems. MDMA causes increases in blood pressure (BP) and heart rate (HR) 

in small mammals, primates, and humans. These effects are possibly controlled through 

increased sympathomimetic activity via beta adrenergic receptors (Schindler et al, 2014; 

Tiangco et al, 2005; Cole and Sumnall, 2003).  

The neuropharmacological effects of MDMA persist well beyond the clearance of 

MDMA from the body (Greer and Tolbert, 1986), presumably due to effects of MDMA on 

brain plasticity and openness to experience (Sottile and Vida, 2022). This contrasts with 

the physiological effects of MDMA, which occur more temporally associated with plasma 

levels of MDMA (Farré et al, 2015; Peiro et al, 2013). 
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6.2.2 Psychological Intervention 

The underlying therapeutic program was administered to both treatment arms. This 

therapy was conducted utilizing a specific training manual and sessions were rated for 

adherence and were required to last 8 hours to establish a standardized approach to 

treatment.  

The MDMA-Assisted Psychotherapy Treatment Manual was informed by previous 

therapeutic use of MDMA and developed for use in the MDMA development program 

(Mithoefer et al, 2017; Greer and Tolbert, 1998; Metzner and Adamson, 2001). The 

therapeutic approach: 

• Was largely non-directive; inviting inquiry and providing suggestion rather than 

directing the patient. 

• Relied on active or engaged listening and responding and support for 

approaching difficult material. 

• Included periods of introspection alternating with periods of communication 

between therapists and the patient.  

• Required cultural sensitivity in support of effective, sensitive communication with 

patients from different cultures. 

The Sponsor plans to provide the training used in the clinical trials to therapists in the 

post-marketing setting (Section 8). 

6.2.3 Study Blinding and Bias Minimization 

CNS-active drugs with rapid onset of psychoactive effects are often functionally 

unblinding and thus, present a challenge in the design of double-blind studies 

(FDA, 2023). The following methods were implemented in agreement with FDA to 

minimize the impact of functional unblinding on the efficacy results. 

Blinded, Centralized Independent Raters: Efficacy assessments were conducted by a 

pool of mental health professionals with graduate-level training in psychology, social 

work, or counseling and at least 1 year of experience working with a trauma-exposed 

population. These assessors also received expert training in the administration of the 

primary and key secondary outcome measures. Efficacy assessments were conducted 

in accordance with the administration guidelines in a neutral and non-leading manner. 

Continuous training and inter-rater reliability review were implemented to ensure quality 

of the endpoint data. 

IRs were blinded to study design, assessment timepoint (except baseline), and safety 

data collected by sites, and no IR was to assess the same patient more than once. IRs 

were not onsite and conducted assessments over live video conference. Study 

participant interviews were structured to avoid discussion of participants’ experience 

during the treatment period and were reviewed for fidelity and central reliability. 
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IR Database: A separate electronic data capture (EDC) database was implemented for 

data collected by the blinded IR Pool. This EDC had limited/controlled access and was 

only accessible by the IR Coordinators, the IR Monitor, and the Lead Senior IR who was 

responsible for the quality of the endpoint data. No other Sponsor or site staff engaged 

in study conduct had any access to this data. 

Therapist-Investigators and Consistent Therapeutic Methodology: Therapist-

investigators were required to complete extensive, multi-week training on the treatment 

manual. Therapist-investigators were not involved in any efficacy assessments. During 

the trials, ongoing training and assessment was conducted by adherence raters and 

clinical supervisors to ensure consistent therapeutic methodology was applied for 

preparatory psychotherapy, medication sessions, and integration visits. In Phase 3, 

adherence reviews were conducted using a 20-item checklist (e.g., “If the patient 

repeatedly avoided trauma-related material, the therapists gently encouraged 

collaborative exploration”). 

Unblinded Independent Data Monitoring Committee (iDMC): Acted in an advisory 

capacity to oversee patient safety and with the responsibility of conducting an 

administrative interim analysis for sample size re-estimation when enrollment was 

complete and 60% of primary endpoint data had been obtained in the pivotal trials. No 

changes to the sample sizes in either study were made as a result of these interim 

analyses. 

6.2.4 Enrollment Criteria 

The inclusion and exclusion criteria were generally similar between the 2 Phase 3 

studies and included the following: 

• General inclusion/exclusion criteria: implemented to ensure participants were 

adults weighing more than 48 kg, who were willing and able to participate in the 

study including agreeing to specific lifestyle modifications. Participants were 

excluded if they were likely to be re-exposed to their index trauma or other 

significant trauma, they lacked social support, or lacked a stable living situation. 

• Underlying disease status (inclusion criteria): At Screening, participants in 

both studies were required to meet DSM-5 criteria for current PTSD with a 

symptom duration of 6 months or longer. Symptom severity on the PTSD 

checklist for DSM-5 (PCL-5) and CAPS-5 was used to determine the severity of 

PTSD at screening (PCL-5) and baseline (CAPS-5) and participants were 

required to have at least severe (MAPP1) or moderate (MAPP2) PTSD. 

o At screening, PCL-5 total score of ≥46 (MAPP1) or ≥40 (MAPP2) 

o At baseline, CAPS-5 total severity score of ≥35 (MAPP1) or ≥28 (MAPP2) 

• Current suicide risk: History of suicide attempts and non-suicidal self-injurious 

behavior were not exclusionary. However, at baseline any serious suicide risk, 

likelihood to require hospitalization related to suicidal ideation and behavior, any 
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suicidal behavior including suicide attempts or preparatory acts (within the last 

6 months of the assessment) or Suicidal ideation scores of ≥4 (within the last 

month of the assessment at a frequency of once a week or more) or 5 (within the 

last 6 months of the assessment) on the Baseline C-SSRS was exclusionary.  

• Prior drug use: Limited prior use of illicit MDMA was allowed. However, use >10 

times within the 10 years prior to enrollment or at least once within 6 months of 

the first Medication Session was exclusionary. Ketamine-assisted therapy or 

ketamine use within 12 weeks of enrollment was also exclusionary. 

• Allowable comorbidities: 

o Well-controlled hypertension successfully treated with antihypertensive 

medicines (required to conduct additional screening to rule out underlying 

cardiovascular disease). Uncontrolled essential hypertension was 

exclusionary. 

o Asymptomatic Hepatitis C (HCV) (previously undergone evaluation and 

treatment as needed) 

o Alcohol or cannabis use disorder (mild or moderate in early remission 

for 3 months prior to enrollment). Severe or moderate not in early 

remission alcohol or cannabis use disorder were exclusionary. 

o Type 2 diabetes mellitus (history of, or current; required to conduct 

additional screening to rule out underlying cardiovascular disease and to 

assess whether the condition was stable and effectively managed) 

o Hypothyroidism (if taking adequate and stable thyroid replacement 

medication) 

o Glaucoma (history of, or current; required approval from an 

ophthalmologist) 

• Other excluded psychiatric conditions 

o Electroconvulsive therapy (within 12 weeks of enrollment) 

o Primary psychotic disorder, Bipolar disorder 1, or Dissociative 

identity disorder (history of, or current) 

o Eating disorder with active purging (current)  

o Major depressive disorder with psychotic features  

o Active illicit (other than cannabis) or prescription drug substance 

use disorder (any severity within 12 months prior to enrollment) 

o Personality Disorders Cluster A (paranoid, schizoid, schizotypal), B 

(antisocial, borderline, histrionic, narcissistic), or C (avoidant, dependent, 

obsessive-compulsive)  



Lykos Therapeutics  
 Midomafetamine with Psychological Intervention (MDMA-AT) 

Psychopharmacologic Drugs Advisory Committee 

 

  Page 46 of 145 

 

o Required ongoing concomitant therapy with a psychiatric medication 

(with exceptions). 

• Other excluded cardiovascular (CV)-related history 

o Significant cardiovascular or cerebrovascular disease evaluated by 

cardiac stress test and carotid artery ultrasound, if moderate 

cardiovascular risk assessed at screening (e.g. well controlled 

hypertension, type 2 diabetes, etc.) 

o History of myocardial infarction, cerebrovascular accident, or 

aneurysm (or other medical conditions that could make receiving a 

sympathomimetic drug harmful because of increases in BP and heart 

rate). 

o History of arrhythmia within 12 months of screening, other than 

occasional premature ventricular contraction (PVCs) in the absence of 

ischemic heart disease; Wolff-Parkinson-White syndrome (or any other 

accessory pathway not successfully eliminated by ablation); marked 

prolongation of QT/QTc interval, history of additional risk factors for 

Torsade de pointes, require use of QT/QTc interval prolonging 

medications  

• Other excluded medical history 

o Symptomatic liver disease or have significant liver enzyme elevations 

o History of hyponatremia or hyperthermia 

6.3 Pivotal Phase 3 Study Endpoints 

The following efficacy endpoints were included in both pivotal Phase 3 studies (MAPP1 

and MAPP2): 

• Primary: LS mean change in CAPS-5 TSS from Baseline to Week 18. 

• Key secondary: LS mean change in clinician-rated functional impairment, as 

measured by the SDS from Baseline to Week 18. 

• Exploratory: LS mean change in exploratory measures from Baseline to Week 

18. 

The primary (Section 6.3.1) and key secondary (Section 6.3.2) efficacy measures 

utilized in the pivotal Phase 3 studies are standard measurements, widely used in 

clinical trials and generally recognized as reliable, accurate, and relevant for the 

assessment of participants with PTSD, as described below.  

6.3.1 Primary Efficacy Measure: CAPS-5 

The CAPS-5 is a clinician-administered structured diagnostic interview used to assess 

DSM-5 PTSD diagnostic status and symptom severity developed by the National Center 



















Lykos Therapeutics  
 Midomafetamine with Psychological Intervention (MDMA-AT) 

Psychopharmacologic Drugs Advisory Committee 

 

  Page 55 of 145 

 

6.5.4 MAPP1 Primary Efficacy Endpoint Results: CAPS-5 

In MAPP1, at Week 18, both treatment groups demonstrated clinically meaningful 

improvements in PTSD symptoms, as assessed by the LS mean change from baseline 

in the CAPS-5 TSS. The changes from baseline were 24.5 points and 12.6 points in the 

MDMA-AT and placebo with therapy groups, respectively. The difference between 

groups (11.86) was statistically significant (p < 0.0001) and favored the MDMA-AT 

group (Figure 12). 

Figure 12: MAPP1 Primary Endpoint: Clinically Meaningful Improvement with 

Statistically Significant Difference between Groups in CAPS-5 TSS 

(mITT) 

 

CAPS-5: Clinician-Administered PTSD Scale for DSM-5; LS: least squares; MDMA-AT: 3,4-

methylenedioxymethamphetamine-assisted therapy; mITT: modified intent-to-treat; SE: standard error 

Note: Bars indicated ±1 SE 

MMRM analysis uses all mITT participants. 

Source: MAPP1 CSR Amendment, Table 14.2.1.1.1 

A numerical difference between the treatment groups was apparent by the first 

timepoint, at Week 7 (following the first medication session) and increased at the 

subsequent timepoints (Figure 13). 
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Figure 15: MAPP1 Statistically Significant Improvement in SDS Total Score with 

MDMA-AT (mITT) 

 

LS: least squares; MDMA-AT: 3,4-methylenedioxymethamphetamine-assisted therapy; mITT: modified intent-to-treat; 

SDS: Sheehan Disability Scale 

Note: Bars indicated ±1 SE 

MMRM analysis uses all mITT participants. 

Source: MAPP1 CSR Amendment Table 14.2.2.1 

6.5.8 MAPP1 Responder Analysis of Secondary Endpoint 

A higher proportion of participants in the MDMA-AT group compared to the placebo 

group met the SDS definition of responder (i.e., ≥ 4-point increase, 38.1% vs. 18.9%) 

and met the definition of In Remission (i.e., a score of ≤ 3 at endpoint, 42.9% vs. 

13.5%). 

6.5.9 MAPP1 Secondary Efficacy Endpoint Cumulative Responder Plot 

Figure 36 shows the cumulative responder percentages in the change from baseline to 

Week 18 of SDS scores by treatment group. This figure demonstrates the differences in 

responder rates between the two groups for various levels of change from baseline. 

This display supplements the responder analysis (i.e., proportions of participants with a 

reduction of 4-points) to address the challenges of interpreting the results of the 

responder rates due to the FDA-requested modifications in SDS scoring (Section 6.3.2).  

6.5.10 MAPP1 Exploratory Efficacy Analyses 

An overall summary of the results of exploratory analyses in MAPP1 and MAPP2 is 

provided in Appendix 11.3.7. In general, the results were consistent with the primary 

and secondary efficacy results, including the subscales of the CAPS-5. 
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6.6.4 MAPP2 Primary Efficacy Endpoint Results: CAPS-5 

At primary endpoint, both treatment groups demonstrated clinically meaningful 

improvements in PTSD symptoms, with LS mean reductions in CAPS-5 TSS of 

23.7 points and 14.8 points in the MDMA-AT and placebo with therapy groups, 

respectively. The difference between groups (8.91) was statistically significant (p = 

0.0004) and favored the MDMA-AT group (Figure 17). 

Figure 17: MAPP2 Primary Endpoint: Clinically Meaningful Improvement with 

Statistically Significant Difference between Groups in CAPS-5 TSS 

(mITT) 

 

CAPS-5: Clinician-Administered PTSD Scale for DSM-5; LS: least squares; MDMA-AT: 3,4-

methylenedioxymethamphetamine-assisted therapy; mITT: modified intent-to-treat; SE: standard error 

Note: Bars indicated ±1 SE 

MMRM analysis uses all mITT participants. 

Source: MAPP2 CSR, Table 14.2.1.1.1 

A numerical difference between the treatment groups was apparent by the first 

timepoint, at Week 7 (following the first medication session), and the numerical 

treatment difference increased at the subsequent timepoints (Figure 18). 
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Figure 20: MAPP2 Key Secondary Endpoint Demonstrated Functional 

Improvements (mITT) 

 
LS: least squares; MDMA-AT: 3,4-methylenedioxymethamphetamine-assisted therapy; mITT: modified intent-to-treat; 

SDS: Sheehan Disability Scale 

Note: Bars indicated ±1 SE 

MMRM analysis uses all mITT participants. 

Source: MAPP2 CSR, Table 14.2.2.1 

6.6.8 MAPP2 Responder Analysis of Secondary Endpoint 

A higher proportion of participants in the MDMA-AT group compared to the placebo 

group met the SDS definition of responder (i.e., ≥ 4-point decrease, 53.8% vs. 19.0%) 

and met the definition of In Remission (i.e., a score of ≤ 3 at endpoint, 55.8% vs. 

40.5%). 

6.6.9 MAPP2 Secondary Efficacy Endpoint Cumulative Responder Plot 

Figure 38 shows the cumulative responder percentages in the change from baseline to 

Week 18 of SDS scores by treatment group. This figure demonstrates the differences in 

responder rates between the two groups for various levels of change from baseline. 

This display supplements the responder analysis (i.e., proportions of participants with a 

reduction of 4-points) to address the challenges of interpreting the results of the 

responder rates due to the FDA-requested modifications in SDS scoring (Section 6.3.2).  

6.6.10 MAPP2 Exploratory Efficacy Analyses 

An overall summary of the results of exploratory analyses in MAPP1 and MAPP2 is 

provided in Appendix 11.3.7. In general, the results were consistent with the primary 

and secondary efficacy results, including the subscales of the CAPS-5. 
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MPLONG after having completed MAPP2 remained blinded to treatment assignment 

until the MAPP2 database was locked and they had completed participation in 

MPLONG.  

Data were collected on effectiveness (CAPS-5) and functional impairment (SDS) by an 

IR, as in the parent studies. Additionally, the study collected health economics and a 

subset of safety data, including interim medical history, interim medications, interim 

psychotherapy, illicit MDMA use, and suicidality since the parent study. The data were 

collected at multiple visits conducted within a single window of time to reduce 

assessment fatigue in participants.  

6.8.1 MPLONG Enrollment Criteria 

Inclusion criteria were as follows: 

1. Enrolled in a sponsored study of MDMA-AT for the treatment of PTSD. 

2. Had received investigation medicinal product (IMP) in at least one medication 

session in the parent study. 

3. Agreed to be contacted by study team approximately 6 months after the last 

medication session in the parent study to schedule and participate in LTFU Visit. 

Exclusion criteria were as follows: 

1. Unable to give adequate informed consent. 

2. Had any current problem which, in the opinion of the investigator or medical 

monitor, might interfere with participation. 

6.9 MPLONG Study Results 

MPLONG results are presented for the MAPP2 study participants who were still blinded 

at the time of MPLONG assessments, followed by pooled results for MAPP1 and 

MAPP2 participants. 

6.9.1 MPLONG Disposition 

The number of participants from the Phase 3 parent studies (MAPP1 and MAPP2) who 

enrolled in MPLONG and were included in the analysis subset is presented in 

Figure 22. 

In total, 60 out of the 90 participants from MAPP1 (67%) enrolled (MDMA-AT: 30; 

placebo: 30) and 82 out of the 104 participants from MAPP2 (79%) enrolled (MDMA-AT: 

45; placebo: 37) in the MPLONG study. Of the 75 participants in the MDMA-AT group, 

69 completed the study and 66 of the 67 participants in the placebo group completed 

the study, i.e., completed all assessments. 
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Figure 22: MPLONG Participant Disposition (MAPP1 and MAPP2) 

 

MDMA-AT: 3,4-methylenedioxymethamphetamine assisted therapy; n = number of participants 
*91 participants in MAPP1 were initially randomized, however, 1 participant who was randomized declined dosing 
on the morning of the medication session. 
Sources: MAPP1 Table 14.1.1, MAPP2 Table 14.1.1, MPLONG Table 14.1-1.2, MPLONG Table 14.1-2.1, and 
MPLONG Table 14.1-2.2 

6.9.2 MPLONG Demographics 

Demographics and Baseline characteristics for the mITT subset are summarized in 

Table 16 for all MAPP1 and MAPP2 participants enrolled in MPLONG. The mITT subset 

includes all MPLONG participants who were initially enrolled in MAPP1 or MAPP2, 

received any study drug in the parent study, and completed a post-treatment outcome 

measure in the parent study. Results are presented by treatment assignment in the 

parent study. Baseline characteristics, unless otherwise indicated, are those collected in 

the parent study.  
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MAPP2 through the LTFU period. The CAPS-5 results were similar regardless of the 

duration of follow-up from the last parent study medication session to the MPLONG 

CAPS-5 assessment, including participants who had LTFU within one year compared to 

LTFU done >12 months after the parent study.  

Additional data supporting the long-term treatment effect of MDMA-AT from the 

Sponsor’s Phase 2 program is provided in Appendix 11.4. 

6.10 Efficacy Conclusions 

The adequate and well-controlled Phase 3 studies demonstrated statistically significant 

and clinically meaningful differences between the MDMA-AT group and the placebo with 

therapy group in the primary and key secondary endpoints, and, therefore, met the 

evidentiary standard for demonstration of efficacy. Treatment benefit was demonstrated 

in overall improvement in PTSD symptom severity, as assessed by an accepted 

endpoint for demonstration of efficacy in this indication, the CAPS-5 TSS. A numerical 

difference in both the CAPS-5 TSS with MDMA-AT compared to placebo was seen by 

Week 7 and increased at subsequent timepoints. There was also a greater proportion of 

participants in the MDMA-AT group than in the placebo group who met the CAPS-5 

definitions of Responder, Loss of PTSD Diagnosis and In Remission, demonstrating the 

clinical relevance of the treatment benefit. 

Improvement in functional impairment was assessed by the key secondary endpoint, 

SDS and also demonstrated a statistically significant difference from placebo, which 

further supports the treatment benefit. 

Supportive evidence of long-term efficacy for MDMA-AT comes from the LTFU 

non-interventional study MPLONG which evaluated evidence of durability of the 

treatment effect after acute treatment with MDMA-AT at ≥ 6 months following the last 

medication session in the parent study. 

Overall, there is substantial evidence of effectiveness for acute treatment with 

MDMA-AT for the treatment indication of PTSD in a representative population of 

patients with moderate to severe PTSD.  























Lykos Therapeutics  
 Midomafetamine with Psychological Intervention (MDMA-AT) 

Psychopharmacologic Drugs Advisory Committee 

 

  Page 86 of 145 

 

Of the 2 MDMA-AT participants with SAEs of suicidal ideation, 1 participant received 

low dose MDMA 30 to 40 mg and the other participant reported this SAE during the long 

term follow-up (onset of 268 days after last dose). The SAE of suicide attempt in the 

MDMA-AT group occurred 28 days after the last medication session. 

7.6 Deaths 

Two participants died in the clinical development program. Both occurred in Phase 2 

studies more than 6 months after the completion of dosing. In a study of participants 

with anxiety related to life-threatening illness (MDA-1), one participant experienced 

SAEs of chordoma, spinal cord paralysis, cerebrovascular accident, and meningitis and 

sepsis, which were assessed as the cause of death. The second participant died 

following completion of study MP-2, a Phase 2 study of patients with treatment-resistant 

PTSD. The cause of death was relapse of breast cancer with brain metastases. Both 

events were assessed as not related to study drug.  

7.7 Special Safety Topics of Interest Related to MDMA or Participant Population 

Special safety topics were identified for detailed evaluation based on the MOA of 

MDMA, characteristics of the PTSD population, safety issues reported in the published 

literature (both in non-sponsored clinical trials and with illicit MDMA use), and Phase 2 

sponsored clinical trials. The protocols contained risk mitigation measures, including 

inclusion and exclusion criteria, instructions to identify these potential risks, and 

measures to mitigate risk and ensure the safety of participants, such as dosage 

adjustment or treatment withdrawal.  

7.7.1 Neuropsychological and Physiological Effects 

7.7.1.1 Summary 

MDMA may result in temporary alterations in perception, mental state, cognition, and 

sensation, such as increases in feelings of empathy, openness and social 

connectedness and decreases in sensitivity to negative emotions such as fear or anger 

(Borissova et al., 2021; Hysek et al., 2014; Bedi et al. 2010). These acute effects are 

thought to be important in long-term treatment benefit. This altered mental state may 

also result in patient impairment, and there is a risk of serious harm resulting from 

patient impairment. In the clinical development program, there was 1 participant who 

sustained serious harm of this nature, resulting from significant boundary violations, 

unethical behavior, and sexual misconduct in the Phase 2 study, MP‑4. The event was 

reported to the Sponsor after the study had concluded and was investigated; there was 

no evidence of misconduct with other participants at this site. 

Of note, subjective experiences in response to MDMA with regard to sensation, 

perception, mood, and cognition were not collected in the Sponsor’s Phase 3 program, 

unless they had been reported as AEs.   

https://onlinelibrary.wiley.com/doi/10.1111/ejn.16346#ejn16346-bib-0020
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Other known effects of MDMA include perceptual changes such as a heightened and/or 

altered awareness of sensory input, physical surroundings, and passage of time 

(Vollenweider et al, 1998; Greer and Tolbert, 1986). These may also include a range of 

alterations in emotions, thoughts, and physical sensations. Physiological effects 

observed in the Phase 3 studies included dizziness (24.2% of the MDMA-AT group), 

gait disturbance (5.1%), blurred vision (12.1%), and nystagmus (13.1%) (Table 21). 

7.7.1.2 Risk Mitigation 

Risk mitigation strategies are included in the proposed REMS for the product, including 

specific requirements for the healthcare setting in which it is taken and patient 

monitoring; the proposed product label which informs the prescriber of this risk and risk 

mitigation measures that should be taken, including driving restrictions after the 

medication sessions. Additionally, these measures will be included in QHP (i.e., 

therapist) education. These measures are described in more detail in Table 28. 

7.7.1 Suicidality 

Suicidal ideation and behavior occur frequently in patients with PTSD, as described 

previously (Section 2.1). 

7.7.1.1 Summary 

In the Phase 3 studies, suicidal ideation and suicidal behavior were assessed by the 

Columbia Suicide Severity Rating Scale (C-SSRS). The C-SSRS is a 

clinician-administered measure of suicide risk which assesses the presence of suicidal 

ideation, ideation intensity, and suicidal behavior. The C-SSRS was administered at 

screening (lifetime history of suicidal ideation and behavior), at baseline (prior to the first 

medication session, since last visit time period), and frequently during the study after 

dosing, including during both during in-person visits and telephone contacts (since last 

visit time period). 

At screening, in the MDMA-AT and placebo groups, 86.9% and 88.4% of participants 

had any lifetime history of suicidal ideation (defined as a C-SSRS suicidal ideation score 

of > 0), and 35.4% and 36.8% participants had lifetime suicidal ideation scores of 4 or 5 

(considered serious ideation), respectively. In the MDMA-AT and placebo groups, 

27.3% and 30.5% had prior history of suicidal behavior, respectively. 

Increases in C-SSRS score after the first dose, compared to the baseline score, were 

reported as AEs, as were any events of suicidal behavior. The percentages of 

participants who reported treatment-emergent suicidal ideation were similar in the 

2 treatment groups (MDMA-AT: 39.4%; placebo: 44.2%), as were the frequencies of 

intentional self-injury (MDMA-AT: 3.0%; placebo: 5.3%) (Table 26). 
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7.7.2 Blood Pressure and Heart Rate 

MDMA is known to increase heart rate and blood pressure in a dose-dependent 

manner, based on its sympathomimetic effects (Mas et al, 1999; Harris et al, 2002; 

Kolbrich et al, 2008b; Kirkpatrick et al, 2014a). In this section, the acute effects of 

MDMA on BP and HR during the Phase 3 medication sessions are presented. In 

addition, results from Study MPKF are summarized, in which frequent BP and HR 

measurements were done up to 72 hours following administration of single doses of 

MDMA 120 mg to healthy volunteers in the fed or fasted state (Appendix 11.5.1). 

7.7.2.1 Phase 3 Studies 

In the Phase 3 studies, in order to mitigate the risk of harm from acute increases in BP 

and HR, entry criteria, which included CV history, and, in certain participants, the results 

of additional screening tests, ensured that participants who may be at significant risk 

(e.g., history of myocardial infarction or cerebrovascular accident) were excluded from 

the trials. Participants with controlled hypertension were included (Section 6.2.4).  

During medication sessions, BP and HR measurements were taken prior to dosing, 

1.5-2 hours after the first part of the split dose (prior to administration of the second part 

of the split dose), and at the end of the medication session. BP was also assessed at 

the Termination Visit.  

7.7.2.1.1 Blood Pressure 

Figure 27, Figure 28, and Figure 29 present the changes in systolic blood pressure 

(SBP) and diastolic blood pressure (DBP) at the predose, interim, and end-of-session 

timepoints during each of the 3 medication sessions. Table 33 (Appendix 11.3.8) 

summarizes the mean observed values and changes from predose measurements at 

each medication session. As described previously (Table 19), nearly all participants 

received the intended dosing at each session (80 mg followed by 40 mg at medication 

session 1 and 120 mg followed by 60 mg at medication sessions 2 and 3). In the 

MDMA-AT group, increases in mean SBP were greater at medication sessions 2 and 3 

(18.2 mmHg and 17.1 mmHg, respectively) than at medication session 1 (12.8 mmHg). 

Mean increases in DBP were similar across the 3 medication sessions (6.0, 7.0, and 

6.0 mmHg, respectively). SBP and DBP generally returned to predose levels by the 

end-of-session, approximately 5 hours after the second part of the split dose was 

administered. 
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7.7.2.1.2 Heart Rate 

Figure 30 presents the changes in HR at the predose, interim, and end-of-session 

timepoints during each of the 3 medication sessions. Table 35 (Appendix 11.5.1) 

summarizes the mean observed values and changes from predose measurements at 

each medication session. As for SBP, changes in HR at the interim timepoint were 

greater at medication sessions 2 and 3, at which most participants received the 

intended first part of the split dose, 120 mg (17.0 bpm and 20.4 bpm, respectively), 

compared to medication session 1, at which 80 mg was administered (11.8 bpm). 

At the end of each session, mean HR remained slightly elevated above predose levels. 

Mean changes in HR at the end of medication sessions 1, 2, and 3 were 9.2, 11.9, and 

11.1 bpm, respectively. However, HR did not remain persistently elevated after the 

medication sessions, as they returned to the predose levels by the next medication 

session, 3 to 5 weeks later (Figure 30).  
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7.7.3.1 Summary 

The results of in vitro (hERG) and in vivo (dog cardiovascular) studies did not 

demonstrate the potential for QTc prolongation. The clinical data supporting this 

conclusion include ECGs collected in the food effect study in healthy volunteers 

(MPKF), the AEs reported in the Phase 2 and Phase 3 clinical studies, and a review of 

the published literature. A Thorough QT study was not done as the potential effects of 

MDMA on QT prolongation would likely be uninterpretable, given the large increases in 

HR observed following administration.  

Electrocardiograms were collected in Study MPKF, the Phase 1 cross-over study in 

which healthy volunteers were administered single doses of MDMA 120 mg in fed and 

fasted conditions. No participants developed QT prolongation or experienced TEAEs 

suggestive of ventricular arrhythmias.  

In this study, the concentration/effect relationship of MDMA concentrations on Fridericia 

QT correction formula (QTcF) was evaluated. A linear mixed-effect model of changes in 

QTcF interval describes the relationship with a slope of 0.0136 msec and an intercept of 

-12.5833 msec. The 90% CI for the slope is -0.0119, 0.0390 msec and crosses 0. At the 

upper bound of the 95% CI for Cmax the model-predicted CFB in QTcF was -2.6898 

msec and -0.4276 msec, respectively. The observation that the 90% CI for the slope of 

the linear regression line includes 0 and the small negative change in Baseline for QTcF 

at the upper bound of Cmax suggest that MDMA did not affect QTcF in this study.  

Across all Sponsor studies, only 1 participant experienced a ventricular arrhythmic 

TEAE, in a Phase 2 study, following a dose of MDMA 125 mg. A rhythm strip showed 

normal sinus rhythm with unifocal PVCs and runs of trigeminy and quadrigeminy. The 

screening ECG had showed a single PVC and the event was assessed as exacerbation 

of pre-existing ectopy, and probably related to MDMA. Subsequently symptoms of chest 

discomfort and mild shortness of breath were reported. The second part of the split 

dose was not administered, and the participant was hospitalized for observation and 

treatment. PVCs decreased in frequency after treatment with metoprolol. There was no 

evidence of QT prolongation or cardiac ischemia.  

With the exception of this participant, no AEs indicative of a proarrhythmic potential of 

MDMA were reported in the Phase 2 and Phase 3 studies. It should be noted that ECGs 

were not collected post-dosing in the Phase 2 or Phase 3 studies. 

7.7.3.2 Risk Mitigation 

Overall, MPKF electrophysiological and clinical data suggest low to no potential impact 

of MDMA on QT/QTc and low to no proarrhythmic potential. Proarrhythmia represents a 

potential risk and the proposed product label recommends a cardiovascular evaluation 

prior to initiation of treatment, similar to recommendations for the assessment of risk of 

blood pressure and heart rate increases. 
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7.7.4 Nonmedical Use 

7.7.4.1 Summary 

The Sponsor conducted an assessment of nonmedical use potential (i.e., an “Abuse 

Potential Assessment”) evaluating numerous sources of data, including a bibliography 

and analysis of published nonclinical and clinical data, data from the Sponsor’s clinical 

trials, and epidemiological data on illicit MDMA from numerous sources. Illicit MDMA is 

a known drug of nonmedical use, and data from non-sponsored studies, as well as the 

published literature, further characterize the potential for nonmedical use of MDMA.  

Human studies evaluating the potential for nonmedical use (i.e., “Human Abuse 

Potential Studies”) consistently demonstrate that MDMA produces significant subjective 

effects in comparison to placebo, with users reporting increased desired effects such as 

increased positive mood, empathy, and altered perception. There was no direct 

assessment of the prosocial or other subjective effects related to potential for 

nonmedical use of MDMA in the Phase 3 program. 

Data drawn from sponsor-supported studies suggests that MDMA as a pharmaceutical 

product has a low potential for nonmedical use when given in the context of a 

psychological intervention, and when access to the drug is limited to a single session at 

a time. During the clinical development program, the Sponsor did not collect desired, 

i.e., positive effects as “abuse”-related AEs.  

AEs indicative of “abuse” of MDMA were pre-agreed with the FDA as AEs of special 

interest (AESI) subject to expedited reporting (Medical Dictionary for Regulatory Affairs 

(MedDRA) PT: behavioral addiction, drug abuser, substance abuser, dependence, 

intentional product misuse, overdose, accidental overdose, intentional overdose, 

prescribed overdose, drug diversion). None of these AEs were reported in the 

Sponsor’s development program.  

Furthermore, when used in accordance with the proposed labeling, MDMA is unlikely to 

create severe psychological and/or physical dependence (as the proposed dose 

regimen is for acute treatment, development of MDMA dependence is not expected 

when used as intended).  

7.7.4.2 Risk Mitigation 

As illicit use of material represented as MDMA is common, the Sponsor has proposed 

several measures to limit the potential for nonmedical use of MDMA (Section 8.1). The 

primary measure to limit the nonmedical use potential of the Sponsor’s pharmaceutical 

product is the use of single dose packaging.  

Additional controls include a warning and precaution (Section 8) with text indicating that 

prescribers should assess risk for nonmedical use prior to prescribing and monitor the 

development of related behaviors or conditions, as well as planned prescriber/QHP (i.e., 

therapist) and patient education. 
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7.7.5 Osmoregulatory Effects 

MDMA has been reported to be associated with hyponatremia due to inappropriate 

secretion of antidiuretic hormone arginine (Fallon et al, 2002). MDMA administered as a 

single dose in a healthcare setting is not expected to have any risks of osmoregulatory 

changes. 

In the Phase 3 pool, in general more participants who received MDMA-AT than placebo 

reported AEs which may be associated with osmoregulatory effects (hyperhidrosis 

[MDMA-AT: 28.3%; placebo: 4.2%], thirst [MDMA-AT: 6.1%; placebo: 3.2%], and cold 

sweat [MDMA-AT: 3.0%; placebo 2.1%]). All events were self-limiting and resolved 

without medical intervention. It should be noted that no post-dose laboratory testing was 

done in the Phase 3 studies. 

7.7.6 Thermoregulatory Effects 

Although hyperthermia has been observed with illicit MDMA, when administered in a 
clinical setting MDMA produces only a slight increase in body temperature (Liechti et al, 
2001). Ambient temperature does not enhance or attenuate this slight elevation in 
humans. In the Phase 3 studies, no clinically meaningful changes from predose 
temperature measurements occurred in either the MDMA-AT or placebo groups during 
the medication sessions.  

More participants who received MDMA-AT than placebo reported TEAEs associated 

with thermoregulation (feeling cold [MDMA-AT: 20.2%; placebo: 6.3%], feeling hot 

[MDMA-AT: 18.2%; placebo: 10.5%], chills [MDMA-AT: 11.1%; placebo: 1.1%], feeling 

of body temperature change [MDMA-AT: 7.1%; placebo: 1.1%], temperature intolerance 

[MDMA-AT: 4.0%; placebo: 2.1%], and hyperthermia [MDMA-AT: 1.0%; placebo: 0]). 

7.7.7 Hepatotoxicity 

The majority of the Sponsor’s trials did not capture clinical laboratory data pertinent to 

the evaluation of treatment-emergent liver abnormalities, therefore a cumulative review 

of all available hepatotoxicity data from the published literature was conducted to 

assess if MDMA is associated with drug-induced liver injury (DILI).  

There have been no cases meeting Hy’s law laboratory criteria reported in the 217 

evaluable participants in clinical trials (sponsored [n = 53]; non-sponsored [n = 164; 

Vizeli and Liechti, 2017]). As there was no evidence of DILI, no monitoring (symptom or 

serum testing) or other risk mitigation measures are recommended in the proposed 

labeling. 

7.8 Safety Conclusions 

The safety of MDMA has been characterized by the results of 17 clinical studies in 

which 427 participants were exposed to MDMA, including 287 participants with PTSD 

and 140 healthy volunteers. Pooled analyses were done on 6 Phase 2 and Phase 3 

studies in which 226 participants with at least moderate PTSD were treated with 

MDMA-AT. These 6 studies include 2 adequate and well-controlled, double-blind, 
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placebo-controlled studies in which 99 participants were treated with MDMA-AT and 

95 participants were treated with placebo. Additional support, particularly for the 

assessment of key identified and potential risks is provided by the extensive published 

literature on MDMA administered in non-sponsored clinical trials, as well as relevant 

epidemiologic data. The results of the clinical studies demonstrate that MDMA was well 

tolerated. 

In the Phase 3 placebo-controlled studies, the most frequent TEAEs (i.e., occurring at a 

frequency greater than 2-fold compared to the placebo group) were consistent with 

MDMA’s MOA, including dizziness, muscle tightness, bruxism, feeling jittery, perceptual 

changes in temperature (feeling hot, feeling cold), hyperhidrosis, and visual changes 

(mydriasis, nystagmus, and blurred vision). Other common treatment-related TEAEs 

included decreased appetite and nausea. Most TEAEs were mild to moderate in 

severity and resolved in 2 days of dosing. There were few reported discontinuations due 

to TEAEs and SAEs, including deaths.  

Key risks of MDMA include those that have been identified in the clinical studies and/or 

the published literature and potential risks due to MDMA’s mechanism of action and 

comorbidities associated with PTSD. These include increases in blood pressure and 

heart rate, potential proarrhythmic effects, neuropsychological and physiological effects, 

psychiatric symptoms including suicidal ideation and behavior, and nonmedical use.  

Dose-related increases in blood pressure and heart rate, due to sympathomimetic 

effects of MDMA, occurred in most participants, including potentially clinically significant 

increases. These effects generally resolved by the end of the medication sessions. No 

antihypertensive or other treatments or discontinuations/dose reductions of MDMA, or 

adverse cardiovascular outcomes were reported due to these effects. Although the 

totality of evidence from the clinical and nonclinical program suggests that there is a low 

potential for proarrhythmia, this remains a potential risk due to the mechanism of action. 

Treatment benefit in PTSD is likely due to the subjective and prosocial effects; however, 

temporary alterations in mental state (such as reduction of inhibition and mental 

impairment) may place patients at risk of harm. While evidence of harm was rarely 

observed in the clinical program, this remains a key neuropsychological risk. Suicidal 

ideation and behavior occur frequently in patients with PTSD. Although treatment-

related suicidality was not observed in the clinical program, this is an expected key risk 

in patients treated with MDMA-AT. Additionally, acute neurophysiologic effects which 

were common treatment-related adverse events, described above, may result in patient 

impairment. 

While illicit MDMA is a known drug of nonmedical use, MDMA as a pharmaceutical 

product has low potential for nonmedical use when taken in accordance with the 

proposed product label. 
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The Sponsor has proposed extensive risk mitigation measures to address these key 

risks, detailed in Section 8, which include appropriate language and instructions for use 

in the product label, a REMS, and QHP (i.e., therapist) education. 

In conclusion, the clinical development program, which include the safety results of 2 

double-blind, placebo-controlled Phase 3 studies have adequately characterized the 

safety profile of MDMA-AT in a representative population of patients with moderate to 

severe PTSD. Key identified and potential risks can be appropriately managed and 

mitigated by the proposed risk mitigation measures under discussion with FDA. 

8 POST-MARKETING RISK MANAGEMENT AND PHARMACOVIGILANCE 

MDMA-AT was generally safe and well-tolerated in the Sponsor’s development 

program. The Sponsor has proposed mitigation strategies for the identified risks of 

MDMA-AT, both observed and theoretical (Section 7.7), in Table 28. These planned 

strategies have been integrated into a safe-use framework currently under development 

by the Sponsor in consultation with FDA (Section 8.2). Stakeholders in this paradigm 

include prescribers, QHPs (i.e., therapists), and patients. This framework is intended to 

ensure adequate systems are established to manage identified and emergent risks 

associated with MDMA-AT in the post-marketing setting.  

8.1 Identified Risk Mitigation Strategies 

The risks of MDMA-AT identified during development, along with their proposed 

mitigation strategies are outlined in Table 28. 
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intends to study the safety and efficacy of additional medication sessions in the 

post-marketing setting. 

Figure 34: Safe Use Framework for MDMA-AT 

 

8.2.1 MDMA Risk Evaluation and Mitigation Strategy 

The Sponsor is engaged with the FDA to develop a REMS program to evaluate and 

mitigate the risk of serious harm resulting from patient impairment associated with 

MDMA use. Important requirements of the proposed REMS include the following: 

• MDMA must be: 

o Dispensed or taken only in certain health care settings. 

o Dispensed or taken only once evidence of safe-use conditions has been 
established. 

• Patients must be: 

o Monitored during and after treatment (intra and post-session monitoring). 

o Assessed to be stable for discharge. 

o Enrolled in a patient registry. 

The details of the REMS program are still under development and the Sponsor will 

ensure alignment with the FDA on this and any other key areas of concern. 

8.2.2 Post-marketing Safety Surveillance 

The Sponsor will establish a post-marketing surveillance and risk assessment program 

to reduce patient risk by monitoring safe product use and identifying safety concerns in 

adherence to all applicable legislation and guidelines. Under the current proposed 

REMS, patients will be enrolled in a registry and monitored during and after treatment 

for specific risks. The Sponsor will engage with the FDA to determine whether any 

enhanced surveillance or reporting is required to ensure adequate risk management in 

the post-marketing environment. 
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8.2.3 QHP Education 

The Sponsor plans to offer a MDMA-AT Training Program (Therapy Training Program) 

to teach QHPs (i.e., therapists) how the treatment was studied in the clinical trials, 

including the specific psychological intervention that was employed. The program will 

cover the fundamentals of the MDMA-AT treatment paradigm and convey core 

educational messages for the appropriate prescribing of MDMA and the administration 

of psychological intervention. The design and content of the program are informed by 

the approach used to train QHPs who worked on the pivotal clinical studies, as well as 

general best practices in training in psychotherapy.   

Initially, the Sponsor plans to work with a limited number of sites of care that take 

specific steps to put the infrastructure, staff, and processes in place that are needed for 

high-quality delivery of MDMA-AT based on the core educational messages developed 

from the experience gained from the clinical trial program. In order to support fidelity to 

the therapeutic approach used in clinical trials, QHPs from these sites of care will be 

required to enroll in the Sponsor’s Therapy Training Program before being permitted to 

deliver MDMA-AT. 

Over time, the Sponsor plans to engage with professional societies or other qualified 

bodies with the expertise and mandate to develop standards for training in MDMA-AT. 

Core educational content will cover: 

• Anticipate and support patients experiencing physiological effects that include 

perceptual changes and temporary alterations in mental states, facilitating 

intense emotions or increasing vulnerability. 

• Establishing and maintaining safe use conditions during the medication sessions. 

• Ensuring that patients do not leave the medication session while still 

experiencing the effects of MDMA.  

• Assessing patients for residual emotional distress and exercising clinical 

judgement to determine whether participants need additional support before 

ending the session.  

8.2.4 Packaging and Compliant Distribution 

In order to limit nonmedical use, the product will be provided in single dose packaging. 

In addition, the product is intended to be taken only in certain healthcare settings as part 

of a specific therapeutic program. 

Additional controls pertaining to distribution and labeling will be required dependent on 

the DEA rescheduling decision.  
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9 BENEFIT-RISK CONCLUSIONS 

PTSD is an undertreated, serious condition that may be life-threatening. There is a 

substantial unmet medical need for an additional effective treatment with a positive 

benefit-risk profile for PTSD. The Sponsor’s development program was informed by an 

extensive body of literature and evaluated the safety and efficacy of an acute regimen of 

MDMA-AT for the treatment for PTSD. 

Evidence of efficacy for MDMA-AT includes 2 positive adequate and well-controlled 

Phase 3 studies. Treatment with MDMA-AT resulted in statistically significant and 

clinically meaningful improvements in PTSD symptom severity with additional 

statistically significant, supportive evidence of clinically meaningful improvement in 

functional impairment due to PTSD. 

MDMA-AT was generally safe and well-tolerated in the Sponsor’s development 

program. The Sponsor is working with the FDA to establish a safe use framework to 

manage the identified risks, both observed and theoretical. Mitigation strategies include 

a REMS program with a patient registry, warnings and precautions and 

recommendations for the prescribing physician in the label, post-marketing surveillance 

and risk assessment, QHP education (MDMA-AT Training Program), single dose 

packaging, and DEA-compliant distribution. 

MDMA-AT has the potential to provide a substantial treatment benefit to patients who 

suffer from PTSD. The identified and potential risks can be mitigated by the measures 

described above. Overall, these data demonstrate that the benefits exceed the risks of 

MDMA-AT for patients with PTSD. If approved, MDMA-AT will provide patients suffering 

from PTSD a novel treatment paradigm that engages them in a psychological 

intervention while offering the benefits of an acute pharmacological intervention. There 

remains an unmet medical need for effective and well-tolerated treatments for PTSD, a 

condition representing a wide-spread and serious risk to public health. 
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11 APPENDICES 

11.1 Clinical Studies Supporting the Safety of MDMA 

Clinical studies supporting the safety of MDMA are summarized in Table 29. 

Six studies in which MDMA was administered to participants with PTSD were pooled for 

the safety analyses. The decision to include studies in the pooled analysis groups was 

based on a number of factors, including the patient populations and clinical relevance to 

the target PTSD populations, similarity of study designs, MDMA treatment regimens and 

dosing strategies, control groups, the number of MDMA-treated participants, and the 

safety parameters assessed in the studies (specifically, the collection of AEs). 

• The All Pooled Group: Included participants from 6 Phase 2 or 3 studies. 

o 2 pivotal placebo-controlled Phase 3 PTSD studies (MAPP1 and MAPP2) 

o 2 double-blind (DB), active-controlled Phase 2 studies evaluating multiple 

MDMA dose regimens, with Open Label (OL) dosing periods (MP-8 and 

MP-12) 

o 2 OL studies: Phase 2 OL study MP16, and the ongoing extension study 

to MAPP1 and MAPP2, MAPPUSX 

• Three additional Pooling Groups, each included 2 or more of the studies included in 

the All Pooled group. 

o Pooled Phase 3: Includes participants in the pivotal trials MAPP1 and 

MAPP2. 

o Second pooling group: Includes participants in the 2 pivotal trials, the 

extension study MAPPUSX, and the Phase 2 study MP16. 

o Third pooling group: Includes the 2 Phase 2 studies MP-8 and MP-12. 
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11.2 Additional Description of Preparatory and Integration Treatment 

11.2.1 Preparatory Period Before Treatment 

During the Preparatory Period, participants underwent 3 Preparatory Sessions 

(~90 minutes each and ≥ 48 hours apart) of psychotherapy (Visit 1, Visit 2, and Visit 4) 

with the therapy team to prepare for MDMA-AT, allow for medication tapering, and 

further assess eligibility. This period was initiated within 12 days of enrollment (V0) and 

lasted 1 to 11 weeks, depending on medication tapering. Excluded medications were to 

be tapered in an appropriate fashion to avoid withdrawal effects and were to be 

discontinued long enough before the first medication session to avoid the possibility of 

drug interactions and allow for stabilization of any psychiatric perturbations due to 

pre-study medication washout prior to Baseline (e.g., at least 5 times the half-life of the 

particular drug or its active metabolites, plus 1 week for stabilization). If necessary, the 

investigators planned for tapering off and discontinuing any psychiatric medication upon 

enrollment, in consultation with the prescribing physician.  

Excluded psychiatric medications were prohibited until after study termination, except 

for gabapentin or certain opiates (hydrocodone, morphine, and codeine) if they were 

taken for pain management and stimulants for Attention Deficit/Hyperactivity Disorder 

(ADHD) taken at Baseline. If the participant was on stimulants for ADHD at Baseline, 

they could continue to use them at the same dose and frequency through much of the 

trial. However, they were required to discontinue use 5 half-lives before each 

medication session and to not restart for 10 days following each medication session. 

If any SSRI, SNRI, MAOI, or other antidepressant was used between medication 

session 1 and medication session 3, the participant discontinued treatment and 

continued into follow-up. 

To be enrolled in the study, participants had to: 

1. Refrain from the use of any psychoactive medication not approved by the research 

team from Baseline through Study Termination (except for gabapentin or certain 

opioids for pain control and stimulants for ADHD, as described above). 

2. Be willing to comply with all medication requirements per protocol. Medications were 

only discontinued after enrollment per clinical judgment of the site medical provider 

in consultation with the prescribing physician. 

3. Agree that, for 1 week preceding each medication session, they would refrain from 

taking any specified herbal supplement (except with prior approval from the research 

team). 

4. Agree that, for 5 half-lives of the medication preceding each medication session, 

they would refrain from: 
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a. Taking any nonprescription medications (except for nonsteroidal 

anti-inflammatory medications or acetaminophen) unless with prior approval of 

the research team. 

b. Taking any prescription medications (except for birth control pills, thyroid 

hormones, or other medications approved by the research team). 

The Baseline CAPS-5 assessment was scheduled to occur after complete washout. The 

Baseline CAPS-5 assessment (T1) was conducted at Visit 3 via a blinded IR. At Visit 4, 

final eligibility was determined following review of the Baseline CAPS-5 assessment, 

and participants were randomized to receive either MDMA or inactive placebo. 

Following medication washout and preparatory psychotherapy, Baseline CAPS-5 TSS 

were required to be ≥ 28 (MAPP2; at least moderate) or ≥ 35 (MAPP1; at least severe). 

11.2.2 Integration Sessions Following Treatment 

After each medication session, three integration sessions took place. Each session 

consisted of 90 minutes of therapy. Integration sessions could not be less than 48 hours 

apart. 

Treatment 1 

• Integration Visit 1.1 (Visit 6): morning after medication session 1 (Visit 5) 

• Integration Visit 1.2 (Visit 7): 3 to 14 days after medication session 1 (Visit 5) 

• Integration Visit 1.3 (Visit 9): 20 to 34 days after medication session 1 (Visit 5) 

and 1 to 7 days in advance of medication session 2 (Visit 10). This visit served 

two purposes: to continue integration and to prepare for the next medication 

session. The participant also completed the LEC-5 self-report measure. 

Treatment 2 

• Integration Visit 2.1 (Visit 11): morning after medication session 2 (Visit 10) 

• Integration Visit 2.2 (Visit 12): 3 to 14 days after medication session 2 (Visit 10) 

• Integration Visit 2.3 (Visit 14): 20 to 34 days after medication session 2 (Visit 10) 

and 1 to 7 days in advance of medication session 3 (Visit 15). This visit served 

two purposes: to continue integration and to prepare for the next medication 

session. The participant also completed the LEC-5 self-report measure. 

Treatment 3 

• Integration Visit 3.1 (Visit 16): morning after medication session 3 (Visit 15) 

• Integration Visit 3.2 (Visit 17): 3 to 14 days after medication session 3 (Visit 15) 

• Integration Visit 3.3 (Visit 18): 21 to 35 days after medication session 3 (Visit 15) 

This visit was the final integration visit prior to entering the follow-up period. The 

participant also completed the LEC-5 self-report measure. 



Lykos 
Therapeutics  

 Midomafetamine with Psychological Intervention (MDMA-AT) 
Psychopharmacologic Drugs Advisory Committee 

 

  Page 130 of 145 

 

During Integration Sessions, the therapists: 

• Recorded the session. 

• Inquired about any possible changes in health, assessed the participant’s mental 

health and status of any previously recorded AEs, and recorded any new AEs. 

• Inquired about concomitant medication use and adherence. 

• Administered “Since Last Visit C-SSRS” to determine suicidal risk. 

• Discussed and reviewed events that occurred with the participant during the 

medication session, including thoughts, feelings, and memories. If necessary, the 

therapists helped the participant reduce any residual psychological distress they 

were experiencing. The therapists also encouraged the transfer of states of 

acceptance, feelings of intimacy, closeness, and reduced fear experienced in 

medication sessions to emotionally threatening everyday situations. The 

therapists were supportive, validated the experience, and facilitated 

understanding and emotional clearing. 

• Were accessible for additional support via phone or telemedicine if needed. 

• At each third integration session, directed the participants to complete the LEC-5. 

11.3 Additional Phase 3 Results 

De Facto Sensitivity Analysis  

A supportive (de facto estimand) analysis and sensitivity analyses of the effects of 

departures from choices and assumptions made for the primary analysis were tested for 

the primary efficacy endpoint analysis (de jure estimand). 

Worst-Case Sensitivity Analysis  

The second sensitivity analysis involved replacing all missing MDMA CAPS-5 measures 

with the worst value in the MDMA-AT group for the respective visit, and all missing 

measures in the placebo group were replaced by the best value in the placebo group for 

the respective visit. 

Base-Case Sensitivity Analysis 

In the third missing at random (MAR) sensitivity analysis, missing CAPS-5 measures 

from both treatment groups were replaced with the mean placebo result within each 

visit. 

11.3.1 MAPP1 Primary Endpoint Sensitivity Analysis Results 

De Facto Sensitivity Analysis 

Similar to the results of the primary analysis, the analysis of the de facto estimand 

showed a statistically significant difference (p < 0.0001) between treatment arms, with a 
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11.3.4 MAPP2 Primary Efficacy Endpoint Cumulative Responder Plot 

Figure 36: MAPP2 Cumulative Responder Plot of Change from Baseline in 

CAPS-5 Total Severity Scores at Primary Endpoint 

 

Source: Figure 1a, ADCOM_CAPS_SDS_CDF_HIST_PLOTS_26APR2024 

11.3.5 MAPP1 Secondary Efficacy Endpoint Cumulative Responder Plot 

Figure 37: MAPP1 Cumulative Responder Plot of Change from Baseline in SDS 

Total Scores at Primary Endpoint 

 

Source: Figure 3a, ADCOM_CAPS_SDS_CDF_HIST_PLOTS_26APR2024 
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11.3.6 MAPP2 Secondary Efficacy Endpoint Cumulative Responder Plot 

Figure 38: MAPP2 Cumulative Responder Plot of Change from Baseline in SDS 

Total Scores at Primary Endpoint 

 

Source: Figure 3b ADCOM_CAPS_SDS_CDF_HIST_PLOTS_26APR2024 

 

11.3.7 Exploratory Endpoint Results Summary 

Although p-values were considered descriptive and not confirmatory, they were used to 

categorize the results from exploratory measures to facilitate conclusions (Table 32). If 

the p-value was ≤ 0.05 in at least 1 of the 2 studies, MDMA-AT is considered to be 

suggestive of a treatment effect on that exploratory measure. If the p-value was > 0.05 

for both studies, it was stated that the effect of MDMA-AT on that measure was 

inconclusive.   

Of note: the participants in MAPP2 who had at least moderate PTSD would have less 

opportunity to show improvement because their Baseline scores would be lower than 

the Baseline scores for those participants who had severe PTSD. In addition, there was 

a low percentage of study participants that had certain symptoms or comorbidities that 

were being assessed, despite meeting the inclusion/exclusion criteria (e.g., dissociative 

subtype), resulting in a potentially underpowered analysis.  
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provided as individual study results below. These include MP-8 (N = 26), MP-12 

(N = 28), and MP-16 (N = 33). 

Overall, MDMA was well tolerated. Available efficacy data from these Phase 2 studies 

suggest significant durable improvement in PTSD symptoms for at least 12 months for 

many participants following a complete treatment regimen of MDMA-AT.  

11.4.1 MP-8 

MP-8 was a randomized, triple-blinded, dose-response, Phase 2 study to assess the 

safety and efficacy of MDMA in veterans, firefighters, and police officers diagnosed with 

chronic, treatment-resistant PTSD. Participants were randomized 1:1:2 to receive a total 

split dose of 45 mg (30 + 15 mg; low dose), 112.5 mg (75 + 37.5 mg; medium dose), 

or 187.5 mg (125 + 62.5 mg; high dose) MDMA. The study consisted of a Stage 1 with 2 

blinded MSs for all doses and a single open-label (OL) dose for the high dose group. 

Participants were unblinded individually to determine eligibility for additional OL MSs. 

Stage 2 consisted of crossover OL participants diagnosed with chronic, treatment-

resistant PTSD of at least 6 months duration. The study consisted of an OL high dose 

lead-in, Stage 1, and Stage 2. Each stage consisted of 2 MSs separated by 3 to 5 

weeks would receive 3 OL MSs (MS4: 150 mg [100 + 50 mg] and MS5 and MS6: 187.5 

[125 mg + 62.5 mg]). All participants were to complete a LTFU visit at least 12 months 

after their last MS. In the original protocol, primary endpoint and unblinding occurred 1 

month after MS3. The protocol was amended for the unblinding and primary endpoint to 

occur 1 month after MS2. 

The primary efficacy endpoint was change in PTSD symptoms by Clinician-

Administered PTSD Scale for DSM-IV (CAPS-IV) global scores from baseline to 1 

month after MS2. Safety was assessed by AEs, SRRs, C-SSRS, vital signs, subjective 

units of distress (SUD), and visual analog scale (VAS) (pre-existing tinnitus, chronic 

pain). 

A total of 26 participants were enrolled and randomized to receive either 45 mg (low 

dose; n = 7), 112.5 mg (medium dose; n = 7), or 187.5 mg (high dose; n = 12) MDMA 

during each MS.  

Reductions in CAPS-IV score at the Stage 1 Primary Endpoint compared to baseline 

were observed overall and in each dose group, and the CAPS-IV difference score from 

baseline in the low dose group was significantly different from the difference score in the 

medium (p = 0.002) and high (p = 0.022) dose groups.  At LTFU, mean CAPS-IV scores 

of all treated participants were significantly reduced from baseline.  

MDMA was generally well tolerated. There were no deaths reported during this study. 

There were no TEAEs that led to premature study withdrawal. Three participants in the 

low dose group, 1 participant in the medium dose group, and 0 participants in the high 

dose group had at least 1 TEAE that led to dose reduction, interruption, or study delay. 

There were 2 participants in the low dose group and 1 participant in the medium dose 

group who reported at least 1 SAE. Of these, 1 SAE of ventricular extrasystoles was 
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reported during ES5 in a participant in the low dose group who crossed over to receive 

OL MDMA, which was evaluated by the investigator to be probably related to the IMP. 

This participant did not receive the second part of the split dose at this MS.  

11.4.2 MP-12 

MP-12 was a Phase 2 randomized, double-blinded dose ranging study examining the 

safety and efficacy of MDMA in participants with chronic, treatment-resistant PTSD of at 

least 6 months duration. Participants were randomized 9:9:5 to receive a total split dose 

of MDMA dose 1 of 187.5 mg (125 + 62.5 mg), dose 2 of 150 mg (100 + 50 mg), or low 

dose of 60 mg (40 + 20 mg). A split dose format was used, with the second part of the 

dose administered 1.5 to 2.5 hours after the first part. The second part of the split dose 

could be declined by the participant or withheld at the discretion of the clinical 

investigators.  

The study consisted of a Stage 1 with 2 blinded (MS1, MS2) and 1 OL (MS3) MDMA 

MSs, and an End-of-Stage 1 follow-up; and a Stage 2 with 3 OL MSs (MS4, MS5, and 

MS6) and a 12-month LTFU after the last MS. In Stage 1, participants received either 

MDMA dose 1 of 187.5 mg (125 + 62.5 mg MDMA), MDMA dose 2 of 150 mg 

(100 + 50 mg MDMA), or low dose of 60 mg (40 + 20 mg MDMA). Participants who 

received the low dose MDMA [40 mg]) in Stage 1 had the opportunity to crossover into 

Stage 2 where they received 3 OL MSs 150 mg (100 + 50 mg MDMA) during the first 

session and 150 mg (100 + 50 mg MDMA) or 187.5 mg (125 + 62.5 mg MDMA) in the 

second or third sessions. 

The primary efficacy endpoint was change in PTSD symptoms by CAPS-IV global 

scores from baseline to 1 month after MS2 (Primary Endpoint). Safety was assessed by 

AEs, SRRs, C-SSRS, vital signs, SUD, general wellbeing (GWB), Repeatable Battery 

for the Assessment of Neuropsychological Status (RBANS), Paced Auditory Serial 

Addition Test (PASAT), and VAS (pre-existing tinnitus and chronic pain). 

A total of 28 participants were enrolled and randomized to either the dose 1 group 

(N = 13), dose 2 group (N = 9), or low dose group (N = 6). All participants completed 

study termination visits.  

A reduction in global CAPS-IV total severity score at the Stage 1 primary endpoint was 

observed in participants treated with MDMA in the study. At the Stage 1 primary 

endpoint, 19 (70.4%) participants had a clinically meaningful 15-point reduction in global 

CAPS-IV total severity score, and 11 (40.7%) participants no longer met the PTSD 

Diagnostic Criteria. There was a greater reduction in global CAPS-IV score from the 

MDMA 187.5 mg and MDMA 150 mg dose treatment groups compared to the low dose 

treatment groups after 2 ESs. At LTFU, mean CAPS-IV scores of all treated participants 

were significantly reduced from baseline. Mean CAPS-IV total scores of all treated 

participants declined from treatment exit to the LTFU 12-month assessment indicating 

the persistence of treatment effect. MDMA was generally well tolerated. There were no 

deaths reported during the study. There were no TEAEs that led to premature study 



Lykos 
Therapeutics  

 Midomafetamine with Psychological Intervention (MDMA-AT) 
Psychopharmacologic Drugs Advisory Committee 

 

  Page 141 of 145 

 

withdrawal. One participant in the MDMA dose 1 group and 2 participants in the MDMA 

dose 2 group had at least 1 TEAE that led to dose reduction, interruption, or study 

delay. There were 3 participants that reported an SAE (1 participant in the MDMA dose 

1 group [SAE of breast cancer] and 2 participants in the MDMA dose 2 group [SAEs of 

tibia fracture and ovarian cyst rupture]). All SAEs resolved and were evaluated to not be 

related to the IMP. 

11.4.3 MP-16 

MP16 was an OL lead-in study, multi-site, Phase 2 study that assessed the efficacy and 

safety of MDMA in participants diagnosed with at least severe PTSD. Doses were 

120 mg (80 + 40 mg) at MS1 and escalated to 180 mg (120 + 60 mg) at the MS2 and 

MS3 during the Treatment Period unless tolerability issues emerged, or it was declined 

by the participant. This study consisted of the following periods: 

• Screening Period: Prospective participants were pre-screened by phone according 
to an IRB-approved script to ascertain if they met eligibility criteria. If deemed 
potentially eligible, participants received a copy of the ICF for review and were 
invited to the site for in-person screening which included medical assessments and a 
review of their medical records after consent was obtained using the IRB-approved 
ICF. 

• Preparatory Period (Visits 1, 2, and 4) With Enrollment Confirmation: 
Participants were informed of enrollment at Visit 0. A medication tapering plan was 
discussed with the participant, as applicable. Within 12 days of Visit 0, the 
Preparatory Period began. Participants underwent 3 Preparatory Sessions 
(~90 minutes) with the therapy team prior to MS1. The Preparatory Period included a 
Baseline CAPS-5 assessment (Visit 3) assessed by an IR. These sessions helped 
the participant prepare for MDMA by establishing rapport with the therapist and 
promoting a safe set and setting for confronting trauma-related memories, emotions, 
and thoughts. 

• Treatment Period: The Treatment Period occurred over a duration of 9 to 15 weeks 
(Visits 5 to 18) where participants completed 3 treatments consisting of an MS, 
followed the morning after by an Integrative Session, phone follow-ups over the next 
week, a second Integrative Session within 2 weeks, and a third Integrative Session 
within 3 to 5 weeks. The MSs were scheduled 3 to 5 weeks apart. The CAPS-5 was 
assessed at 2 time points during the Treatment Period (Visit 7 and Visit 12). MSs 
were followed by an overnight stay and a sub-study assessed feasibility of MSs 
without an overnight stay at select study sites. 

• Follow-up Period and Study Termination: After the last Integrative Session 
(Visit 18), participants entered follow-up for approximately 4 weeks with no study 
visits until the final CAPS-5 assessment was given at Visit 19 (the primary outcome 
measure), followed by Study Termination at Visit 20. At the end of the study, the 
study team provided participants with an Exit Plan, which may have included referral 
for additional medical or therapeutic care. 












