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MDMA RESPONSE PREDICTION

BACKGROUND OF THE INVENTION

1. TECHNICAL FIELD
[0001] The present invention relates to methods for predicting the response to ()3,4-
methylenedioxymethamphetamine (MDMA) to optimize the induction of specific acute effects
in treating medical conditions.

2. BACKGROUND ART
[0002] MDMA is a psychoactive drug that alters mood and perception and is investigated
as an adjunct in psychotherapy for posttraumatic stress disorder and may later also be studied
for a range of other medical conditions (Mithoefer et al., 2019; Mithoefer et al., 2010; Oehen et
al., 2013).
[0003] It is unclear what the ideal dose of MDMA is in this therapeutic modality.
Specifically, the dose may vary depending on many factors including but not limited to sex,
weight, age, metabolic differences, state of mood and mind before MDMA administration, and
personality trait factors. Therefore, finding the correct dose of MDMA in an individual is a
problem.
[0004] While MDMA acutely induces mostly positive subjective effects including
heightened mood, openness, trust, and enhanced empathy, there can also be negative drug
effects (Hysek et al., 2014a; Schmid et al., 2014).
[0005] Some previous studies have defined single variables that influence the response to
MDMA. The variables influencing a drug experience are classically grouped into set and
setting (Leary et al.,, 1963). The set consists of factors related to the person such as
personality, age, and previous drug experiences as well as the person’s expectations and
intentions regarding the drug effect. The setting relates to environmental factors such as the
place of substance intake, the persons present at time of intake, and cultural surroundings
(Hartogsohn, 2016).
[0006] The drug effects of MDMA have been shown to be dose dependent (Bedi & de Wit,
2011; Vizeli & Liechti, 2017). However, it is unclear how additional factors such as set and

setting can be used in addition to dose to help predict the individual response to MDMA.
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[0007] For other substances such as psilocybin, acute effects were found to be mostly
dose dependent (Haijen et al., 2018; Studerus et al., 2012). Additional variables such as
personality traits and mood before drug intake were also found to influence the acute effects of
psilocybin (Haijen et al., 2018; Studerus et al., 2012).
[0008] “Bad trips” (also referred to as “challenging experiences” when moderate) are of
special interest when using psychoactive substances including MDMA. Personality traits may
predict such bad trips. For example, “neuroticism” which reflects a person’s emotional
instability and poor coping with stressful events (Ormel et al., 2012) was shown to be
associated with a "challenging experience" after taking psilocybin (Barrett et al., 2017).
[0009] A number of previous studies investigated potential pharmacological and non-
pharmacological factors contributing to the response to MDMA, including sex (Bedi & de Wit,
2011; Liechti et al., 2001; Pardo-Lozano et al., 2012; Simmler et al., 2011), pharmacokinetics
(Pardo-Lozano et al., 2012; Vizeli et al., 2017), personality traits (White, 2017), and genetics
(Bershad et al., 2016; Schmid et al., 2016; Vizeli & Liechti, 2018; Vizeli et al., 2018; Vizeli et
al., 2019; Vizeli et al., 2017).
[00010] However, all of these studies each assessed only a small number of potential
predictors, did not adjust for potentially confounding variables, and did not assess the
importance of the different variables. Additionally, the study sample sizes of the previous
studies were rather small and could not enable such analyses. Therefore, there remains a
need for methods of predicting responses to MDMA that take multiple variables into account.
SUMMARY OF THE INVENTION
[00011] The present invention provides for a method of dosing an empathogen/entactogen
(such as MDMA) in treating patients, by assessing patient characteristics before
empathogen/entactogen use, administering the empathogen/entactogen to the patient based
on the patient characteristics, and producing maximum positive subjective acute effects in the
patient.
[00012] The present invention provides for a method of determining a dose of an
empathogen/entactogen based on body weight, sex, and CYP2D6 activity, by assessing
patient characteristics of body weight, sex, and CYP2D6 activity before
empathogen/entactogen use, administering the empathogen/entactogen to the patient based

on the patient characteristics, and producing maximum beneficial subjective acute effects in
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the patient.
[00013] The present invention also provides for a method of refining dosing of an
empathogen/entactogen by using questionnaires including NEO-FFI, STAI-T, and AMRS
scales with a patient, evaluating questionnaire responses, and refining dosing of the
empathogen/entactogen in the patient based on the questionnaires.
[00014] The present invention provides for a method of predicting future dosing with an
empathogen/entactogen, by measuring plasma concentrations of an empathogen/entactogen
in a patient after administration of a dose of the empathogen/entactogen, adjusting the dose of
the empathogen/entactogen in the patient, thereby optimizing the positive response to the
empathogen/entactogen, and optimizing efficacy and safety of the empathogen/entactogen
treatment.
[00015] The present invention provides for a method of evaluating feasibility of patients to
receive an empathogen/entactogen as treatment, by assessing patient characteristics, and
evaluating feasibility of the patient to receive the empathogen/entactogen as a treatment.
[00016] The present invention further provides for a method of optimizing
empathogen/entactogen treatment in a patient, by assessing openness in the patient prior to
empathogen/entactogen use, predicting a positive response leading to more openness, and
optimizing empathogen/entactogen treatment including repeated administration to lead to
greater openness and a greater therapeutic response over time.

DESCRIPTION OF THE DRAWINGS
[00017] Other advantages of the present invention are readily appreciated as the same
becomes better understood by reference to the following detailed description when considered
in connection with the accompanying drawings wherein:
[00018] FIGURE 1 is a graph showing unadjusted linear mixed effects models with MDMA
plasma concentration as predictor and response variable, smaller asterisks show non-
corrected p-values, bigger asterisks are p-values corrected for multiple testing across all 20 *
25 = 500 significance tests using the Benjamini-Hochberg procedure (Benjamini & Hochberg,
1995). *p<0.05, **p<0.01, ***p<0.001;
[00019] FIGURE 2 is a graph showing a mixed effects model with variables corrected for
dose/bodyweight, smaller asterisks show non-corrected p-values, bigger asterisks are p-values

corrected for multiple testing across all 17 * 25 = 425 significance tests using the Benjamini-
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Hochberg procedure (Benjamini & Hochberg, 1995). *p<0.05, **p<0.01, ***p<0.001; and
[00020] FIGURE 3 is a graph of predictor values and effects of MDMA.

DETAILED DESCRIPTION OF THE INVENTION
[00021] The present invention generally provides for methods of predicting response to
empathogen/entactogen (such as MDMA) treatment by analyzing various predictor variables in
patients. More specifically, a method is provided of dosing an empathogen/entactogen in
treating patients by assessing patient characteristics before empathogen/entactogen use,
administering the empathogen/entactogen to the patient in a therapeutic situation or in a legal
controlled situation in healthy subjects including but not limited to a clinical study, a use to train
therapists, or any other legal controlled setting in healthy subjects, and producing maximum
positive subjective acute effects in the patient. This method can be used to better target the
dose range in an individual to more likely produce a positive acute response to
empathogens/entactogens.
[00022] “Positive subjective acute effects” as used herein refers to any desired effects of
the MDMA, such as, but not limited to, self-ratings on a visual analog scale including “good
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drug effects”, “drug liking”, “trust”,

»

feelings of closeness”, “feeling open”, 5D-ASC scale or
Mystical Effects scale ratings or similar of oceanic boundlessness, experience of unity, spiritual
experience, blissful state, insightfulness, connectedness, mystical experiences, mystical-type
effects, positive mood, transcendence of time/space, ineffability, well-being, and peak
experience.

[00023] The present invention provides for a solution of the dosing problem experienced in
the prior art by the characterization of predictor variables that can be used for correct dosing
and optimizing dosing and allows for better and safer selection of patients and dosing in
patients to be treated with MDMA. The present invention uses a large data set (as opposed to
the prior art which used only single variables and a small data set) to define the influence of
multiple variables and their interdependence to derive dosing recommendations and predictors
for the physiological and psychological response to MDMA. The present invention is based on
data of ten controlled experimental studies with a total sample size of 194 healthy subjects
tested in the same laboratory over a 10-year period.

[00024] The predictor variables/patient characteristics can include, but are not limited to,

age, sex, drug dose, body weight, previous drug experience, genetics, personality, and mood
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before intake. From the studies, several predictor variables were found to be the most
important in predicting effects.

[00025] While MDMA is referred to herein, it should be understood that any
empathogen/entactogen or MDMA-like compound such as but not limited to 3,4-
methylendioxyamphetamine (MDA), 3,4,-methylenedioxyethylamphetamine (MDEA), 5,6-
methylenedioxy-2-aminoindane (MDAI), mephedrone, methylone, 3-MMC, homologues
thereof, analogues thereof, or novel compounds or prodrugs resulting in a similar MDMA-type
acute subjective effect profile can be used in the methods herein. Any other compound that
provides a similar MDMA-type acute subjective effect profile can also be used. In the methods
herein, MDMA is preferably administered in a dose of 20-200 mg.

[00026] MDMA plasma concentration after its administration to the individual and its proxy
variable dose per kg body weight are the most important predictors of the acute response to
MDMA and the intensity of the response to MDMA. The dose of MDMA per body weight is a
surrogate measure for the plasma concentration of MDMA. This surrogate measure is known
before MDMA administration and can be used for correct dosing. A high dose of MDMA per
body weight (within the 75-125 mg absolute dose range) leads to a more intense response to
MDMA with more positive and more cardiostimulant effects (as shown in FIGURE 1).

[00027] Dosing does not have to account for sex of the individual if body weight is
accounted for (FIGURE 2). However, some sex differences in the MDMA experience were
previously reported in controlled studies even after adjusting for differences in dosing (Liechti
et al., 2001; Simmler et al., 2011; Vizeli & Liechti, 2017). If dosing is performed independent of
body weight, women need to be dosed approximately 20-30% lower than men (125 mg in men,
100 mg in women) to account for body weight differences between sexes.

[00028] Cytochrome P450 (CYP) 2D6 activity (genetically or phenotypically determined;
Schmid et al., 2016). influences plasma concentration of MDMA (FIGURES 1 and 2). Subjects
with poor CYP2D6 activity exhibit higher MDMA concentrations and a stronger MDMA
response compared with CYP2D6 extensive metabolizers. In line with this finding, CYP2D6
poor metabolizers have previously been shown to have higher MDMA blood plasma
concentrations than extensive/normal metabolizers (de la Torre et al., 2005; Schmid et al.,
2016). The present invention in addition allows defining doses in patients with different

CYP2D6 functions and suggesting dose reductions of MDMA for subject with CYP2D6 poor
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metabolizer status. For example, a dose of 100 mg instead of 125 mg would be used in a male
poor metabolizer and a dose of 80 mg instead of 100 mg would be used in a female patient
when MDMA is first used in such a patient with known 2D6 activity and based on the present
invention and without taking into account additional dosing parameters.

[00029] Therefore, the present invention provides for a method of determining a dose of
MDMA based on body weight, sex, and CYP2D6 activity, by assessing patient characteristics
of body weight, sex, and CYP2D6 activity before MDMA use, administering MDMA to the
patient, and producing maximum positive subjective acute effects in the patient.

[00030] Psychological factors such as “openness to new experiences”, “neuroticism”, or
“trait anxiety” are significant predictors for the acute subjective drug effects of MDMA after
adjusting for dose/kg.

[00031] The personality trait “openness” enables increased “feelings of closeness” in
response to MDMA strengthening the therapeutic alliance. “Openness to experience” (NEO-
FFl) predicts higher “closeness” (VAS) after MDMA (FIGURE 2). This prediction is in line with
greater good drug effects in persons with greater sensation seeking (Harvanko et al., 2016)
which is linked to “openness to experience” (Roberti, 2004). Closeness and openness after
MDMA was found to be linked to reductions in PTSD symptoms (Wagner et al., 2017).

[00032] “Openness to experience” (NEO-FFI) predicts higher 5D-ASC ratings of “visionary
restructuralization” after MDMA (FIGURE 2). Consistently, “absorption”/openness predicted
visual effects of psychedelics (Haijen et al., 2018). Also, consistently, “openness to
experience” was the strongest predictor of feeling “closeness” (VAS) and having high 5D-ASC
ratings of “visionary restructuralization” after MDMA (FIGURE 3).

[00033] Subjects scoring high on “trait anxiety” and “neuroticism” experience more negative
MDMA effects. These personality traits likely lead to more fear of loss of control.

[00034] Higher “neuroticism” (NEO-FFI) predicts greater anxiety (“dread of ego dissolution”
in the 5D-ASC) (FIGURE 2). Consistently, neuroticism (NEO-FFI) was the best predictor of
elevated dread of ego dissolution ratings in the 5D-ASC after MDMA (FIGURE 3).

[00035] Consistently, more pronounced “neuroticism” was linked to more “challenging
experiences” after taking psychedelic substances (Barrett et al., 2017; Haijen et al., 2018;
Studerus et al., 2012).

[00036] Higher “trait anxiety” (STAI-T) predicts greater anxiety (“dread of ego dissolution” in
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the 5D-ASC) (FIGURE 2).

[00037] Previous MDMA experience showed no effect on the response to MDMA,
consistent with another study (Bedi & de Wit, 2011). However, it is important to note that the
present data set includes mostly subjects who were MDMA naive or had a maximum of only
five previous MDMA experiences. Therefore, the influence of heavier past MDMA use could
not be assessed. Notably, patients in clinical trials using MDMA will, similar to the present
study population, likely have no to little experience in using MDMA.

[00038] The method can be used to design a score to predict the response to MDMA.
[00039] The method can be used to predict positive responses to MDMA in future sessions
or to adjust dosing based on measuring concentrations of MDMA in one session.

[00040] The method can be used to further optimize or predict the response to MDMA once
the perfect dose of MDMA has been determined based on body weight and CYP2D6 status
(and sex). The method can also be used to find the optimal dose once a patient is selected to
be suitable for a treatment with MDMA.

[00041] Important predictors for the response, once the MDMA dose has been determined
or to determine the feasibility of a potential patient to receive MDMA, are:

[00042] Openness to experience (NEO-FFI) which predicts a more positive acute response
including greater closeness, Oceanic Boundlessness (5D-ASC), and Visionary
Restructuralization (5D-ASC) (FIGURE 2);

[00043] Neuroticism (NEO-FFI) which predicts negative experiences including Dread of
Ego-Dissolution (5D-ASC) and Impaired Control and Cognition (5D-ASC) (FIGURE 2);

[00044] Trait anxiety (STAI) which predicts negative experiences including Dread of Ego-
Dissolution (5D-ASC) and Impaired Control and Cognition (5D-ASC) (FIGURE 2).

[00045] Thus, the NEO-FFI and STAI can be used prior to a session to form a score to
predict the likelihood of a positive and/or negative acute effect of MDMA during the session.
[00046] Further, mood before intake including the following can be used as a predictor:
[00047] anxiety/depressiveness (AMRS) predict anxiety (5D-ASC) (FIGURE 2);

[00048] introversion (AMRS) predict anxiety (5D-ASC) (FIGURE 2).

[00049] Thus, the AMRS can be used before MDMA administration to predict the likelihood
of a negative acute effect of MDMA including anxiety during the session.

[00050] Therefore, the present invention provides for a method of refining dosing of MDMA,
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by using questionnaires including NEO-FFI, STAI-T, and AMRS scales with a patient,
evaluating the questionnaire responses, and refining dosing of MDMA for the patient based on
the questionnaires. For example, reduced doses of MDMA are recommended in patients with
low NEO-FFI openness ratings, high neuroticism NEO-FFI ratings, high STAl-trait anxiety
ratings. High anxiety-depressiveness (AMRS) and introversion (AMRS) ratings before drug
intake predict higher anxiety after MDMA and a dose reduction would also be advised based
on the present invention and subject to further refinement and implementation of the present
application.

[00051] Taken together, the present invention makes use of dosing parameters such as
dose of MDMA per body weight, CYP2D6 genotype, data derived from the NEO-FFI and STAI
as well as AMRS to optimize the dosing and predict more positive over negative experiences
with MDMA to thereby increase the safety and effectiveness of its administration in patients.
[00052] A study in PTSD patients found a relationship between reduction of PTSD
symptoms and increased “openness” after MDMA treatment (Wagner et al., 2017). The traits
“‘openness” and “neuroticism” were increased and reduced after MDMA treatment,
respectively. A similar persisting effect on personality traits was also observed after use of
psilocybin or LSD (MacLean et al., 2011; Schmid & Liechti, 2018).

[00053] Further, because MDMA increases openness and because openness predicts a
more positive response to MDMA including greater therapeutic effects, this indicates that
patients might progressively benefit from multiple MDMA-assisted psychotherapy sessions, as
they likely become more open to the experience over time.

[00054] Therefore, the present invention provides for a method of optimizing MDMA
treatment in a patient, by assessing openness in the patient prior to MDMA use, predicting a
positive response leading to more openness, and optimizing MDMA treatment including
repeated administration to lead to greater openness and a greater therapeutic response over
time.

[00055] The present invention also provides for a method of predicting future dosing with
MDMA, by measuring plasma concentrations of MDMA in a patient after administration of a
dose of MDMA, adjusting the dose of MDMA in the patient, thereby optimizing the positive
response to MDMA, and optimizing efficacy and safety of MDMA treatment.

[00056] The present invention provides for a method of evaluating feasibility of patients to
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receive MDMA as treatment by assessing patient characteristics and evaluating feasibility of
the patient to receive MDMA as a treatment.

[00057] The invention is further described in detail by reference to the following
experimental examples. These examples are provided for the purpose of illustration only and
are not intended to be limiting unless otherwise specified. Thus, the invention should in no
way be construed as being limited to the following examples, but rather, should be construed
to encompass any and all variations which become evident as a result of the teaching provided
herein.

[00058] EXAMPLE 1

[00059] Materials and Methods

[00060]  Study Design

[00061] A pooled analysis was performed of the raw data from ten double-blind, placebo-
controlled, crossover studies in healthy human subjects, of all of which have previously been
described (Dolder et al., 2018; Holze et al., 2020; Hysek et al., 2012a; Hysek & Liechti, 2012;
Hysek et al., 2012b; Hysek et al., 2011; Hysek et al., 2012c; Hysek et al., 2014b; Schmid et al.,
2015a; Schmid et al., 2015b).

[00062] The studies were conducted at the University Hospital Basel from 2009 to 2018
and include a total of 194 healthy subjects. Seven studies each included 16 subjects (total of
112 subjects) who received 125 mg MDMA twice, once alone and once after pretreatment with
a medication (Hysek et al., 2012a; Hysek & Liechti, 2012; Hysek et al., 2012b; Hysek et al.,
2011; Hysek et al., 2012c; Hysek et al., 2014b; Schmid et al., 2015b). In three additional
studies, subjects received MDMA alone, placebo, and one or two other substances (Dolder et
al., 2018; Holze et al., 2020; Schmid et al., 2015a). Of these, one used an MDMA dose of 75
mg (n = 30) (Schmid et al., 2015a) and the others used 125 mg (n = 24 and n = 28) (Dolder et
al., 2018; Holze et al., 2020).

[00063] In the present analysis, only data from the MDMA-alone and placebo sessions
were used. In all of the pooled studies, the washout periods between the single-dose
administrations of MDMA were at least 7 days to exclude carry-over effects. The studies were
all registered at ClinicalTrials.gov (NCT00886886, NCT00990067, NCT01136278,
NCT01270672, NCT01386177, NCT01465685, NCT01771874, NCT01951508,
NCT01616407, NCT03019822).
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[00064] Detailed pharmacokinetic and safety data from these studies have been published
elsewhere (Schmid et al., 2016; Vizeli & Liechti, 2017; Vizeli et al., 2017).

[00065] Test sessions were conducted in a quiet hospital research ward with no more than
two research subjects present per session. The participants were comfortably lying in hospital
beds and were mostly listening to music and not engaging in physical activities. MDMA was
administered without food in the fasting state in the morning at 8:00-9:00 AM. A small,
standardized lunch was served at 12:00-1:00 PM.

[00066] Participants

[00067] A total of 194 (97 female) healthy subjects, aged 18-45 years (mean + SD =25.1 +
4 years) participated in the study. One genotyping sample was missing, and three participants
did not give consent for genotyping. The mean + SD body weight was 69 + 10 kg (range: 46-97
kg). Exclusion criteria included a history of psychiatric disorders, physical iliness, a lifetime
history of illicit drug use more than ten times (with the exception of past cannabis use), illicit
drug use within the past 2 months, and illicit drug use during the study. Drug screens were
conducted before the test sessions as reported in detail elsewhere (Hysek et al., 2012a; Hysek
& Liechti, 2012; Hysek et al., 2012b; Hysek et al., 2012¢). Seventy-five subjects had prior illicit
substance experiences (1-8 times), of which 41 subjects had previously used MDMA (1-5
times), 18 subjects had previously used amphetamine or methamphetamine (1-2 times), 15
subjects had previously used cocaine (1-4 times), 10 subjects had previously used lysergic
acid diethylamide (1-2 times), and 15 subjects had previously used psilocybin (1-4 times).
[00068]  Study drug

[00069] (x)MDMA hydrochloride (Lipomed AG, Arlesheim, Switzerland) was administered
orally at a single dose of 75 or 125 mg prepared as gelatin capsules. Male and female subjects
received the same doses of MDMA irrespective of their body weight as it is done in therapeutic
studies (Mithoefer et al., 2010; Oehen et al., 2013). The dose per body weight (mean + SD)
was 1.7 + 0.4 mg/kg (range: 0.8-2.7 mg/kg).

[00070] Predictor variables

[00071] Effects of MDMA were expected to be dose- and body weight-dependent (Schmid
et al., 2014; Vizeli & Liechti, 2017). Therefore, dose divided by body weight was included as

covariate in the analysis. This also accounted for the higher mg/kg dose of MDMA in females

compared with males due to the lower body weight in women compared with men.
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[00072] From the socio-demographic predictor variable domain, sex and age as predictors
were included. Sex was included because sex differences in the MDMA experience were
reported in several controlled studies even after adjusting for differences in dosing (Liechti et
al., 2001; Simmler et al., 2011; Vizeli & Liechti, 2017).

[00073] Age was included since younger age was associated with more unpleasant acute
effects of psilocybin (Studerus et al., 2012}, while no data is available on MDMA.

[00074] Individual metabolic differences in the enzymes metabolizing MDMA influence the
exposure to MDMA and thereby its acute effects. Specifically, the activity of cytochrome P450
enzymes has been shown to alter MDMA concentrations and concomitant subjective and
cardiovascular responses (de la Torre et al., 2012; Schmid et al., 2018; Vizeli et al., 2017).
Thus, the CYP2D6 genetic activity score (Hicks et al., 2013; Schmid et al., 2016) was included
as an additional predictor variable.

[00075] Measures of other CYP enzyme activity were not included as these have been
shown to have no or only very small effects on the response to MDMA (Vizeli et al., 2017).
Likewise, other potential pharmacogenetic predictors were not included, because they also
showed no or only minimal effects on the acute response to MDMA (Bershad et al., 2016;
Vizeli & Liechti, 2018; Vizeli et al., 2018; Vizeli et al., 2019).

[00076]  Although all subjects had no or only very limited previous experiences with
psychoactive substances (0-5 times), the number of MDMA consumptions prior to participation
was included in the analysis, since MDMA effects have been reported to change with long-
term use and more experienced users experienced smaller drug effects than inexperienced
persons (Kirkpatrick et al., 2014). The present study could not address potential effects of high
previous substance use (>5 times) or the moderating effects of physical activity on the
cardiovascular and thermogenic response to MDMA because persons with extensive previous
drug experiences were not included and all subjects were physically inactive during the drug
response (Liechti, 2014).

[00077] Mood states prior to the administration of a psychoactive substance may influence
its response as previously shown for psilocybin in a similar study (Studerus et al., 2012).
Therefore, ratings on the Adjective Mood Rating Scale (AMRS) (Janke & Debus, 1978) were
included to assess mood states prior to the MDMA administration. Sixty adjectives were rated

on 4-point Likert scales and items were grouped into six main scales: ‘Performance-Related
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Activity’, ‘General Inactivation’, ‘Extroversion-Introversion’, ‘General Well-Being’, ‘Emotional
Excitability’, and ‘Anxiety-Depressiveness’. ‘Extraversion’ and ‘Introversion’ were analyzed
separately.

[00078] Personality traits were assessed using the NEO-FFI| (Borkenau & Ostendorf, 2008)
which contains 60 self-referent statements rated on a 4-point Likert scale. The NEO-FFI covers
the personality traits ‘Neuroticism’, ‘Extraversion’, ‘Openness to experience’, 'Agreeableness’
and ‘Conscientiousness’. Subjects completed the questionnaire as part of the screening
procedure at the start of the study. Finally, the trait scale of the State-Trait Anxiety Inventory
(STAI-T) was included (Spielberger et al., 1970). This self-assessment questionnaire contains
20 statements describing anxiety as a stable personality trait.

[00079] Response variables

[00080] Blood samples for the pharmacokinetic response were collected in lithium heparin
tubes 0, 0.33, 0.67, 1, 1.5, 2, 3, 4, and 6 hours after administration of MDMA or placebo and
immediately centrifuged.

[00081] Plasma was stored at -20°C until analysis. Plasma concentrations of MDMA were
determined as previously described (Hysek et al., 2012¢). The area under the concentration-
time curve (AUC) from 0 to 6 hours after dosing was calculated following the trapezoidal rule
as a measure of total exposure to MDMA.

[00082] The subjective response to MDMA was assessed using psychometric scales.
Visual Analog Scales (VASs) (Hysek et al., 2011; Hysek et al., 2012c) were used before and
0.33, 0.67, 1, 1.5, 2, 2.5, 3, 4, 5 and 6 hours after MDMA or placebo administration. VASs for
“any drug effect”, “good drug effect”, “bad drug effect”, “high mood”, “drug liking”, and
“stimulated” were presented as 100-mm horizontal lines (0—100%), marked from “not at all” on
the left to “extremely” on the right. The VASs “closeness”, “concentration”, “openness”, and
“talkative” were bidirectional (£50%). Additionally, the AMRS was administered 1.25, 2, and 5
hours after administration of MDMA or placebo. The response on each VAS and AMRS
subscale was included into the analysis as area under the effect-time-curve (AUEC) value,
reflecting the overall response throughout the study day.

[00083] Blood pressure, heart rate, and body temperature were assessed repeatedly
before and 0, 0.33, 0.67, 1, 1.5, 2, 2.5, 3, 4, 5, and 6 hours after MDMA or placebo
administration. Systolic and diastolic blood pressure and heart rate were measured using an

12
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automatic oscillometric device (OMRON Healthcare Europe NA, Hoofddorp, Netherlands). The
measurements were performed in duplicate and after a resting time of at least 5 minutes. The
averages were calculated for analysis. Core (tympanic) temperature was measured using a
Genius™ 2 ear thermometer (Tyco Healthcare Group LP, Watertown, NY, USA). The mean
arterial pressure (MAP) was calculated as diastolic blood pressure + (systolic blood pressure —
diastolic blood pressure)/3. For the different autonomic response measure, the highest values
(Emax) were used as outcome variable for the analysis because high cardiovascular stimulation
or body temperature are the clinically relevant potentially adverse outcomes associated with
MDMA use (Liechti, 2014; Liechti et al., 2005; Vizeli & Liechti, 2017).

[00084] The 5D-ASC scale (Dittrich, 1998; Studerus et al., 2010) was administered 6 hours
after drug administration to retrospectively rate alterations in waking consciousness induced by
MDMA.

[00085] Statistical analyses

[00086] All data were analyzed using the R language and environment for statistical
computing (R Core Team, 2019). Since some of the predictor and response variables
contained missing data (TABLE 1), first multiple imputation (MI) was performed using the
Multivariate Imputation via Chained Equations (MICE) package in R (Buuren & Groothuis-
Oudshoorn, 2010). This method was chosen because it yields unbiased parameter estimates
and standard errors under a “missing at random” (MAR) or “missing completely at random”
(MCAR) missing data mechanism and maximizes statistical power by using all available
information (Enders, 2010). The assumption of MAR was plausible in this study because the
missing data mostly resulted from different study designs among the pooled studies. 20
imputations were generated of the missing values such that 20 completed datasets were
obtained to protect against a potential power falloff from a too small number of imputations
(Graham et al., 2007). The analyses of interest were then conducted in each completed data
set and parameter estimates were pooled according to Rubin’s rules (Little & Rubin, 2019),
except for the LASSO models (see below).

TABLE 1
Variable Percent missing values
Independent variables
Female 0.0
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Age 0.0
Bodyweight 0.0
Drug dose 0.0
Number of times taken MDMA 1.0
Cytochrome (CYP) 2D6 activity score 3 2.6
Trait Anxiety (STAI) 14.9
Activity (AMRS) 0.0
General Inactivation (AMRS) 0.0
Extroversion (AMRS) 0.0
Introversion (AMRS) 0.0
General Well-Being (AMRS) 0.0
Emotional Excitability (AMRS) 0.0
Anxiety-Depressiveness (AMRS) 0.0
Neuroticism (NEO-FFI) 8.8
Extroversion (NEO-FFI) 8.8
Openness to experience (NEO-FFI) 8.8
Agreeableness (NEO-FFI) 8.8
Conscientiousness (NEO-FFI) 8.8
Dependent variables
MDMA plasma AUC 0.5
Heart rate 0.0
Mean arterial blood pressure 0.0
Body temperature 0.0
Activity (AMRS) 0.0
General inactivation (AMRS) 0.0
Extroversion (AMRS) 0.0
Extroversion (AMRS) 0.0
General Well-Being (AMRS) 0.0
Emotional Excitability (AMRS) 0.0
Anxiety-Depressiveness (AMRS) 0.0
Any drug effects (VAS) 0.0
Bad drug effects (VAS) 0.0
Good drug effects (VAS) 0.0
Closeness (VAS) 0.0
High mood (VAS) 0.0
Liking (VAS) 0.0
Openness (VAS) 0.0
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Stimulated (VAS) 0.0
Talkative (VAS) 0.0
Oceanic Boundlessness (5D-ASC) 2.1
Dread of Ego Dissolution (5D-ASC) 1.5

Visionary Restructuralization (5D-ASC) 1.5
Impaired Control and Cognition (5D-ASC) 1.5
Anxiety (5D-ASC) 1.5

[00087] To account for the clustering in the data arising from pooling across studies, linear
mixed effects models were used in which the intercepts were allowed to vary randomly across
studies. For each combination of predictor and response variable, an adjusted and unadjusted
model was fitted using the R package nime (Pinheiro et al., 2019). In the unadjusted model,
only the predictor of interest was included in the fixed effects part of the model, whereas in the
adjusted model “dose per body weight” was additionally included. Predictor and response
variables were z-transformed before inclusion in the models, such that the estimated
regression coefficients were standardized and comparable across predictors and responses.
To account for multiple testing, p-values were corrected across all significance tests using the
Benjamini-Hochberg procedure (Benjamini & Hochberg, 1995).

[00088] To identify the best subset of predictors for each response variables, the least
absolute shrinkage and selection operator (LASSO) was applied using the R package
penalized (Goeman, 2018). LASSO conducts both variable selection and regularization (i.e.,
shrinkage of regression coefficients) in order to optimize the predictive accuracy and
interpretability of the model. It has been shown that variable selection with the LASSO is often
more accurate than with traditional methods, such as stepwise methods (Tibshirani, 1997). For
each response variable, a LASSO model was developed according to the following procedure.
First, the optimal shrinkage parameter of each model was determined by performing grid
search. For each lambda in the grid, bootstrapping with 50 iterations was performed and the
average predictive performance (i.e. mean squared error) across all out-of-bag samples was
calculated using the machine leaming in R (mir) package (Bischl et al., 2016). Second, the
lambda value producing the highest out-of-bag predictive performance was chosen as the
optimal lambda value and used for the final LASSO model fitted on the whole sample. Since it

is currently unclear how to combine LASSO models across multiply imputed datasets and
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since the amount of missing data in our data set was relatively small, only single imputation
was used for the LASSO models. Furthermore, for simplicity, a potential clustering was not
accounted for in the data in these analyses.

[00089] Results

[00090] The most significant predictor variables for most of the MDMA response variables
was the MDMA plasma concentration as shown in the unadjusted linear mixed effects models
in FIGURE 1. Smaller asterisks show non-corrected p-values. Bigger asterisks are p-values
corrected for multiple testing across all 20 * 25 = 500 significance tests using the Benjamini-
Hochberg procedure (Benjamini & Hochberg, 1995). *p<0.05, **p<0.01, ***p<0.001.

[00091] The most significant predictor variables for the blood plasma concentration of
MDMA were the drug dose, body weight, sex, and genetically determined CYP2D6 activity
(FIGURE 1).

[00092]  Specifically, MDMA plasma AUC over 6 hours is a measure of the overall exposure
to the drug. MDMA plasma AUC is strongly and highly significantly correlated with the dose of
MDMA (FIGURE 1). MDMA plasma AUC is also strongly and highly significantly inversely
correlated with the body weight of the subject ingesting the MDMA (FIGURE 1). Furthermore,
MDMA plasma AUC is also inversely correlated with the CYP2D6 activity (FIGURE 1). Thus,
persons with low CYP2D6 activity (defined genetically) have higher MDMA plasma levels.
Finally, women exhibit significantly higher MDMA plasma AUC than men if MDMA is dosed
with similar total doses of MDMA and not accounting for body weight.

[00093] Taken together, the data (FIGURE 1) shows that the parameters linked to the
MDMA exposure (MDMA plasma AUC, drug dose per body weight, and secondarily CYP2D6
activity) are the predictors most strongly and most significantly influencing the response to
MDMA including subjective feelings (VASs) of any drug effects, good drug effects, high mood,
liking, stimulated, Introversion (AMRS) and Oceanic Boundlessness (5D-ASC) as well as
elevation of the mean arterial blood pressure.

[00094] Consistent with the above, FIGURE 3 shows that the dose per body weight is the
strongest predictor for the following outcome effects after MDMA administration: MDMA
plasma AUC, mean arterial blood pressure (MAP) increase, introversion (AMRS), emotional
excitability (AMRS), anxiety (AMRS), any drug effect (VAS), good drug effect (VAS), high
mood (VAS), liking (VAS), stimulated (VAS), Oceanic Boundlessness (5D-ASC), and Impaired

16



WO 2021/257169 PCT/US2021/027282

Control and Cognition (5D-ASC). The LASSO model was applied to identify the best subset of
predictors for each response variables (Goeman, 2018).

[00095] The analysis showed that older age was the best predictor of a lower heart rate
increase and lower temperature increase following MDMA and a higher bad drug effect
(FIGURE 3). This means that increases in blood pressure are more likely in elderly compared
to increases in heart rate.

[00096] The finding that MDMA exposure in the body or measures linked to this (MDMA
dose and body weight and CYP2D6 activity) mostly predict the acute response to MDMA is
clinically important and shows that factors of set and setting are less relevant in predicting the
response than the dose of MDMA. Thus, it is postulated that correct dosing per body weight
within a controlled setting is critical to produce positive acute effects and also more critical than
factors relating to set and setting. As a consequence, it is postulated that the present invention
allows to maximize the positive effects of MDMA primarily by determining the correct dose to
be used based on body weight and sex and CYP2D6 activity of the patient.

[00097] The finding of a relation between dose and good drug effect (within the range of
doses tested here) shows that a high dose of MDMA (>75 mg) is needed to produce greater
positive effects.

[00098] Because the MDMA plasma concentration is a variable that becomes known only
after drug administration, it was classified as a response variable rather than a predictor
variable for the further mixed effects model analysis.

[00099] Since the MDMA dose per body weight has an influence on the response variables
via the MDMA plasma level, we adjusted the results with MDMA dose per body weight to see
MDMA dose-independent predictors.

[000100] The dose-adjusted results are displayed in FIGURE 2. Smaller asterisks show
non-corrected p-values. Bigger asterisks are p-values corrected for multiple testing across all
17 * 25 = 425 significance tests using the Benjamini-Hochberg procedure (Benjamini &
Hochberg, 1995). *p<0.05, **p<0.01, ***p<0.001.

[000101] Sex lost its predictor value when adjusting for dose and body weight (FIGURE 2).
[000102] The genetically determined CYP2D6 activity still inversely correlated with the
MDMA plasma concentration (p<0.01) (FIGURE 2). Additionally, the inverse correlation
between heart rate and age remained significant (p<0.05) (FIGURE 2).
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[000103] *“Openness to experience” in the NEO-FFI positively correlated with VAS ratings of
“closeness” and 5D-ASC ratings of “oceanic boundlessness” and “visionary restructuralization”
after MDMA (p<0.05, p<0.05, and p<0.01, respectively) (FIGURE 2).

[000104] Subjects who scored higher in “neuroticism” (NEO-FFI) and “trait anxiety” (STAI-T)
were more likely to experience “dread of ego dissolution” and “impaired control and cognition”
in the 5D-ASC (both p<0.01 and both p<0.05, respectively) (FIGURE 2).

[000105] Further, past use of MDMA within the range of 0-5 had no significant effect on the
response to MDMA (FIGURE 2 and FIGURE 3). This means that there was no marked
difference in persons having no or a few previous experiences (up to 5).

[000106] Further, well-being (AMRS) before MDMA had no significant effect as predictor
variable on the response to MDMA. This means that regardless of current mood, MDMA
produces relatively similar effects and there is no need to be very well to experience more
wellbeing after MDMA (FIGURE 2). This is an important factor to be considered within the
presently described invention of predicting positive responses to MDMA.

[000107] The most important predictors for each response variable of the multivariate
analysis are shown in FIGURE 3 by using the LASSO model.

[000108] Limitations

[000109] Limitations of the present study and invention include, first of all, the young, mostly
MDMA-naive, healthy study population. Thus, the findings only partly translate to psychiatric
patients showing clearly greater psychopathology and presumably a greater likelihood of
adverse psychological responses to MDMA.

[000110] Second, only two doses were examined and most of the subjects received the 125
mg MDMA dose that is also commonly used in clinical trials with MDMA.

[000111] Additionally, adverse events were not studied as they are relatively rare after
MDMA administration in a controlled experimental setting (Hysek et al., 2014b; Kirkpatrick et
al., 2014; Vollenweider et al., 2002), less amenable to an analysis as the present one, and also
uncommonly reported in studies with patients (Mithoefer et al., 2010; Oehen et al., 2013).
[000112] Further, the “physical and social environment® may be important but showed little
variation in the present study (Hartogsohn, 2016; Leary et al., 1963).

[000113] Throughout this application, various publications, including United States patents,
are referenced by author and year and patents by number. Full citations for the publications
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are listed below. The disclosures of these publications and patents in their entireties are
hereby incorporated by reference into this application in order to more fully describe the state
of the art to which this invention pertains.

[000114] The invention has been described in an illustrative manner, and it is to be
understood that the terminology, which has been used is intended to be in the nature of words
of description rather than of limitation.

[000115] Obviously, many modifications and variations of the present invention are possible
in light of the above teachings. It is, therefore, to be understood that within the scope of the
appended claims, the invention can be practiced otherwise than as specifically described.
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