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ABSTRACT: Mounting evidence supports the serotonin 2A receptor
agonist psilocybin as a psychiatric pharmacotherapy. Little research has
experimentally examined how session “set and setting” impacts subjective /, ;
and therapeutic effects. We analyzed the effects of the musical genre played ‘
during sessions of a psilocybin study for tobacco smoking cessation. %\
Participants (N = 10) received psilocybin (20—-30 mg/70 kg) in two L‘“%/ i
sessions, each with a different musical genre (Western classical versus [
overtone-based), with the order counterbalanced. Participants chose one \
genre for a third session (30 mg/70 kg). Mystical experiences scores tended \\
to be higher in overtone-based sessions than in Western classical sessions.

Six of ten participants chose the overtone-based music for a third session. E—

Biologically confirmed smoking abstinence was similar based on musical

choice, with a slight benefit for participants choosing the overtone-based playlist (66.7% versus 50%). These data call into question
whether Western classical music typically used in psychedelic therapy holds a unique benefit. Broadly, we call for experimentally
examining session components toward optimizing psychedelic therapeutic protocols.
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Bl INTRODUCTION “psychedelic therapy” for use with 5-HT,,R agonists, a method
that has remained largely unchanged since its inception in the
1950s and 1960s.” These approaches involve highly specific
recommendations for psychedelic administration and patient
experience, yet very little research has systematically evaluated
how variations in the delivery and deviations within or from
this standardization may impact subjective and therapeutic
effects.

Early observations suggested that environmental and
psychological factors such as the number of people present
during drug administration sessions and whether or not
subjects feel socially supported throughout the drug admin-
istration process could have an important influence on
psilocybin effects.” One experimental study randomized 176
men in inpatient alcoholism treatment to receive either (1) no
drug or therapy, (2) LSD alone with no therapy during
sessions, (3) LSD with active talk psychotherapy during
sessions, or (4) LSD with hypnosis-based therapy during
sessions, finding no substantial between group differences in
long-term outcomes.'® However, this was conceptualized as an

The past decade has witnessed a resurgent interest in the
therapeutic potential of classic psychedelic drugs in both the
scientific and popular press.' > Classic psychedelics (i.e.,
psilocin, lysergic acid diethylamide [LSD], and dimethyltrypt-
amine [DMT]) act as agonists at the serotonin 2A receptor (-
HT,,R), the mechanism by which positive clinical effects are
thought to be mediated.” Contemporary clinical trials with
psilocybin (i.e., the prodrug for psilocin present along with
psilocin in many species of mushrooms), LSD, and ayahuasca
(which contains DMT) have reported efficacy for varied
psychiatric outcomes to include depression and anxiety related
to cancer and other life-threatening illness, treatment-resistant
depression, tobacco use disorder, and alcohol use disorder.'
Notably, these findings correspond with those from studies
conducted some 50 years prior with LSD which also reported
promising findings for affective, anxiety, and substance use
disorder symptoms.'

Psychedelic science has long recognized the centrality of set
(ie., psychological state of a person) and setting (ie, a
person’s environmental context) when determining the

behavioral and clinical effects of S-HT,,R compounds.*® Special Issue: Psychedelics
Traditional laboratory contexts that contain overtly “sterile” Received: November 3, 2020
stimuli (e.g., white walls and medical equipment) have been Published: December 29, 2020

suggested to increase the likelihood of negative reactions to
psychedelic drugs.” This relevance of set and setting
contributed, in part, to the development of a standardized
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experimental manipulation of the presence or type of therapy
rather than of setting.

Another study randomized 75 healthy individuals to receive
either (1) a very low dose of psilocybin with a moderate
duration of preparation and postsession support, (2) a high
dose of psilocybin with a moderate duration of preparation and
postsession support, or (3) a high dose of psilocybin with a
higher duration of preparation and additional postsession
support, finding that both a greater dose and support were
associated with sustained improvements in wellbeing.''
However, while different levels of psilocybin session prepara-
tion may be considered a manipulation of set and setting,” the
sessions themselves were conducted in an identical fashion.
Moreover, the groups differed not only by preparation duration
but also by the extent and type of postsession support,
confounding any effect of preparation on outcomes.

Specifically relevant to the current analysis, one study
evaluated five different musical contexts (e.g, no music,
familiar music, and unfamiliar music) presented during LSD
sessions for alcohol use.'” That study found no significant
differences in participant-reported effects of music or observer-
rated effects of LSD, although the between-subject design,
quasi-randomization (i.e., the first two cohorts of participants
were not randomly assigned), and absence of an objective
clinical outcome limits interpretation of those findings. A goal
of the present analysis was to directly and experimentally
manipulate, by random assignment, the session set and setting
factors in a contemporary clinical context to address these
limitations.

Music is one standard feature in clinical psychedelic therapy
as well as a consistent facet of the broader cultural and research
context surrounding psychedelic drugs."> Music and 5-HT,,R
agonist drugs mechanistically relate in several neurobiological
and neurochemical ways. For example, S-HT,,R signaling
modulates the neural response to music and other auditory
responses across a cochlear-to-auditory cortex pathway.'*"
Psychedelic drugs, specifically, have been shown to alter the
neural response to the acoustic properties of music with a role
for 5-HT,, signaling.'® Clinical guidelines have often
emphasized the use of music during psychedelic therapy with
specific recommendations about how music sequencing should
match the structure of a psychedelic drug’s time course.”>'” In
fact, use of music in psychedelic therapy is not unique to
contemporary settings: Historical records emphasize the
prominence of music in ancient medicinal and ceremonial
contexts involving psychedelics."’

Psychedelic therapy has almost exclusively used classical
music, predominately Western classical pieces, likely due to
recommendations present in early guidelines. For instance, one
of the most commonly cited works on music and music
sequencing in psychedelic therapy noted “Our most effective
music was classical, light classical at the beginning (as well as
Hindu ragas), and especially concertos during the body of the
session”.” Similarly, modern safety guidelines for psychedelic
research describe psychedelic therapy as “supportive inter-
personal conditions, with the patient wearing eyeshades and
listening to classical music through headphones during the
course of pharmacological action” (emphasis added).® None-
theless, variations in musical structures and individual
differences in preferred acoustic properties could impact
therapeutic outcomes. Existing evidence supports this hypoth-
esis with one study finding that greater liking, resonance, and
openness toward standardized music played in psychedelic
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sessions was associated with larger reductions in depressive
symptoms a week later.'®

The purpose of the current analysis was to experimentally
evaluate the effects of musical genre, Western classical (as
typically used in psychedelic studies) versus overtone-heavy
instruments, on session experience and smoking cessation
outcomes among nicotine-dependent smokers participating in
an open-label study.””*' Participants completed therapeutic
psilocybin sessions with the two different musical playlists
accompanying those sessions. One (hereafter referred to as the
“Western classical” playlist) was largely based on Western
classical music and largely resembles playlists used in previous
psilocybin studies by our group and others.”* The other playlist
(hereafter referred to as the “overtone-based playlist”)
emphasized instruments with a particularly strong overtone
signature (e.g, Tibetan singing bowls, gongs, digeridoo,
chimes, bells, sitar, and human voice overtone singing).
Some of the overtone-based playlist tracks lacked traditionally
identifiable melody and/or rhythm. The playlist used was
counterbalanced across two sessions with study outcomes
analyzed by music genre. Although conducted with a small
sample, this analysis utilized a randomized within-subject
design and, as such, constitutes the first study to our
knowledge of an experimental comparison of session set and
setting reported in a half century and the first fully randomized
within-subject study of session set and setting conditions
evaluating psychedelic experiences and objective therapeutic
outcomes. Moreover, the experimental rigor of the study was
enhanced by the inclusion of a choice procedure in which, after
sampling each of two musical playlists across the first two
psilocybin sessions, participants chose their preferred playlist
for a third session. This and future studies will contribute to
the clinical application of 5-HT,,R agonists in psychiatric
health by identifying the core features of psychedelic therapy as
well as those that may be modified, removed, or individualized
to optimize patient-specific therapeutic outcomes.

B RESULTS

Mystical and Challenging Experiences. On session days
after the resolution of drug effects, participants completed
standardized subjective effect measures evaluating mystical
experiences (e.g., feelings of unity and transcendence of space/
time)”* and challenging experiences (e.g,, panic and feelings of
losing sanity)® that occurred during the psilocybin session.
Figure 1 contains Mystical Experience Questionnaire
(MEQ30) scores for individual participant divided by session
and dose received (20 mg/70 kg or 30 mg/70 kg). Visual
inspection of individual and average data indicated higher
overall scores for overtone-based sessions (mean = 0.68; SD =
0.20) compared to Western classical sessions (mean = 0.52;
SD = 0.21). This difference was of a medium effect size
(Cohen’s d, = 0.57) but was not statistically significant (p =
0.107). Controlling for psilocybin dose in a random intercept
mixed effect model did not attenuate the magnitude of the
difference by musical genre. Specifically, although these eftects
did not reach a threshold of statistical significance, higher
MEQ30 scores were observed for overtone-based sessions (b =
0.14, p = 0.108), and higher MEQ30 scores were observed in
the 30 mg/70 kg sessions (b = 0.14, p = 0.102).

Figure 2 contains Challenging Experience Questionnaire
(CEQ) scores for individual participants by session and dose.
Visual inspection of individual and average data indicated no
apparent pattern or differences between overtone-based
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Figure 1. Mystical Experience Questionnaire (MEQ30) scores by
randomized musical genre. Plotted are individual participant data for
MEQ30 total score in sessions 1 and 2. Data points are connected for
individual participants. Open symbols are sessions with 20 mg/70 kg
psilocybin, and filled symbols are sessions with 30 mg/70 kg
psilocybin. Thick horizontal lines are group means.
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Figure 2. Challenging Experience Questionnaire (CEQ) scores by
randomized musical genre. Plotted are individual participant data for
CEQ_total score in sessions 1 and 2. Data points are connected for
individual participants. Open symbols are sessions with 20 mg/70 kg
psilocybin, and filled symbols are sessions with 30 mg/70 kg
psilocybin. Thick horizontal lines are group means.

Musical Genre Selection. Participants were provided the
opportunity to select their preferred musical playlist for the
completion of a third psilocybin session with the high dose (30
mg/70 kg). Selections were roughly equally distributed, with
60% (6/10) of participants selecting the overtone-based
playlist. These selections were not strictly dependent on dose
or order of session, with exactly half of participants in each
group receiving that musical genre in the first, moderate-dose
session and half in the second, high-dose session.

Figure 3 contains MEQ30 and CEQ data for this
participant-selected musical genre session (session 3). Higher
MEQ30 scores were observed in the Western classical (mean =
0.70; SD = 0.26) compared to overtone-based sessions (mean
= 0.58; SD = 0.16) in these sessions, although this between-
subject difference was not significant (p = 0.41). CEQ_data
were again similar between the Western classical (mean = 0.29;
SD = 0.17) and overtone-based (mean = 0.26; SD = 0.15; p =
0.79).

Smoking Abstinence. Figure 4 contains biologically
confirmed smoking abstinence determined by a combination

Music Selection:
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Figure 4. Smoking abstinence by musical genre selection. Plotted are
the percentage of participants with biologically confirmed smoking
abstinence during each study phase. BL = baseline; EoT = end of
treatment. Values are presented separately for participants selecting
overtone-based playlists (squares) and Western classical playlists
(circles) for the third psilocybin session. All participants had sessions
with both genre playlists in their first two sessions.

sessions (mean = 0.33; SD = 0.20) and Western classical
sessions (mean = 0.34; SD = 0.22). Comparisons by musical
genre were not statistically significant (p = 0.74) and of less
than a small effect size (d, = —0.11).

of exhaled carbon dioxide, urinary cotinine, and participant
self-report. These values are separated into groups by the
music selected for the final psilocybin session. Half of
participants (2/4) who selected Western classical music for
their third session were abstinent at the end of treatment (i.e.,
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Figure 3. Mystical and Challenging Experience Questionnaire scores by participant-selected musical genre (session 3). Plotted are individual
participant data (black dots) and mean scores for MEQ30 and CEQ total scores in session 3 (i.e., sessions in which participants could select the
musical playlist; see the “Musical Genre Selection” section). In all cases for session 3, 30 mg/70 kg of psilocybin was administered. Participants
choosing the Western classical playlist are plotted in the open bar, and participants choosing the overtone playlist are plotted in the diagonally

striped bar.
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8 weeks following the first psilocybin session/target quit date).
These participants remained abstinent through the remainder
of assessments (6 and 12 months and long-term follow-up).
Most (5/6 or 83.3%) of the participants who selected
overtone-based music were abstinent at the end of treatment.
The majority of these participants (4/6 or 66.6%) remained
abstinent through long-term follow-up.

Bl DISCUSSION

This analysis used data from an open-label trial evaluating the
effects of psilocybin administration on smoking cessation to
test how different musical genres supporting psychedelic
therapy may impact subjective and therapeutic outcomes.
Subjective effect measures collected during randomized
sessions indicated a trend toward greater mystical experiences
for those sessions involving overtone-based compared to those
with Western classical music, although this difference was not
statistically significant. Challenging experiences did not differ
between these two musical genres, with no evident pattern at a
group or individual level. Assessment of the target clinical
behavior of tobacco cigarette use suggested a substantive
clinical benefit as reported in the parent study.”””’
Importantly, a similar clinical benefit was observed based on
the participant-selected musical genre for the final psilocybin
session with a modest increment for overtone-based selections.
Taken together, these findings call into question whether
Western classical music typically played in psychedelic sessions
holds unique benefit.

As noted in the Introduction, Western classical music has
long been assumed to be the standard in psychedelic
therapy.*®'” The present data challenge this notion that
Western classical music, or for that matter any specific genre of
music, is an intrinsically superior form of music to support
psychedelic therapy, at least for all people at all times.
Although we found no significant differences between the two
musical genres studied here, several trends suggested that the
overtone-based playlist resulted in somewhat better outcomes
and was preferred by a larger portion of this small sample of
participants. The lack of superiority of the Western classical
playlist is even more interesting considering that some of the
overtone-based playlist tracks consisted of sounds without
traditionally identifiable melody and/or rhythm and therefore
might not be classified as songs or music by some, although
this is highly dependent on individual definitions. This suggests
that the sounds capable of supporting psychedelic therapy
sessions may go beyond the bounds of traditionally defined
musical genres. Interestingly, when participants were able to
select their preferred musical genre for a final session, mean
mystical experience scores were somewhat higher for sessions
with Western classical music compared to those with overtone-
based music, although this comparison was limited by its
between-subject nature and was not significant or trending
toward significance. This finding implies that individualized
selection of music or musical genres may hold some promise
and is worthy of experimental follow-up.

Limitations should be noted. This analysis relied on a small
sample. However, we utilized individual participant data
analysis throughout to demonstrate the consistency of
described patterns at a person level. We also did not collect
specific information about the subjective musical experience
(e.g, musical liking or acceptance) other than a discrete
preference measure. Future efforts designed to optimize
individualized selection of music for psychedelic therapy
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would benefit from such data to empirically test and replicate
prior work showing a relationship between positive subjective
musical effects and positive therapeutic outcomes.'® There was
some minor overlap in selections (~25% of songs) between
musical playlists, perhaps limiting the ability to fully differ-
entiate between the two genres. However, this is partly
mitigated by the fact that overlap occurred mostly near the
beginning (ie., pre-onset) and end of sessions (i.e., “come
down”) rather than during peak drug action. Finally, this study
was an open-label design, precluding the ability to evaluate
how different musical genres may interact with expectancy or
placebo effects. Nevertheless, this open-label context likely
better models clinical conditions in which future psychedelic
therapy would occur and allowed for specific evaluation of the
randomized musical genre manipulation.

This study provides the first contemporary and within-
subject experimental manipulation of session set and setting
factors in psychedelic research. It is also the first fully
randomized test of different musical genres supporting
psychedelic therapy. Although the study is limited by a small
sample size and no significant differences were identified
between the musical genres, these data nonetheless failed to
identify any clear superiority of Western classical music, which
has long been considered the standard. These findings support
the idea that developing a process for generating patient-
specific musical selections rather than providing standardized
music may improve therapeutic outcomes. For example, future
work could evaluate how patient-selected music impacts
therapeutic effects or identify individual factors predictive of
response to varying musical genres or musical features other
than genre to individualize session selections. More broadly,
these findings emphasize the need for the parametric study of
psychedelic session components to either provide improved
standardized conditions, or to individualize conditions to
improve the therapeutic effects of psychedelic therapy across
diverse and varied populations.

B METHODS

General Overview and Participants. This analysis used
data from an open-label study on psilocybin for smoking
cessation. Additional details about the study design are
available in prior manuscripts reporting primary outcomes
from that study.”””" Briefly, participants completed a 15 week
treatment period. Participants received a manualized cognitive-
behavioral smoking cessation intervention based on cognitive-
behavioral therapy (CBT), elements of mindfulness training,
and guided imagery for smoking cessation that was delivered in
four weekly preparatory meetings prior to the first psilocybin
session. Participants in this analysis completed three psilocybin
sessions occurring in weeks S, 7, and 13. The first psilocybin
session served as the target quit date for cigarette cessation.
Participants returned to the laboratory for 10 weeks following
this first psilocybin session to provide urine and breath samples
for confirming recent smoking status as well as complete other
questionnaire data. Participants completed additional follow-
ups at 6 and 12 months after the target quit date as well as a
long-term follow-up at an average of 30 months post target
quit date.

Participants were required to smoke at least 10 cigarettes per
day, report a current desire to stop smoking cigarettes, be
physically healthy as determined by medical screening, have no
family history of psychotic or bipolar disorders, and have no
history of substance use disorder other than nicotine in the
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past S years. The current analysis focused on a subsample of 10
participants who were randomized to different musical genre
playlists during psilocybin sessions. Participants were an
average of S1 years old (range = 37—65) and predominantly
male (8 men, 2 women) and White (9 White, 1 Asian). All
participants provided informed consent and the study was
approved by the Johns Hopkins University School of Medicine
Institutional Review Board.

Psilocybin Sessions and Musical Genres. Participants
completed psilocybin sessions following standard safety
guidelines.® Psilocybin was administered in an opaque, size 0
gelatin capsules with approximately 180 mL of water. The dose
of psilocybin received was 20 mg/70 kg in the first session and
30 mg/70 kg in subsequent sessions.'” Staff provided
nondirective interpersonal support for managing psilocybin
effects during the sessions but did not deliver smoking
cessation-specific content. Additional details on sessions are
provided in prior manuscripts from the parent study.***'

Participants wore an eye mask and listened to a music
program through headphones throughout the session. Music
was simultaneously played through room speakers, providing a
continual musical experience for the minority of session time
when headphones were removed (e.g, when visiting the
restroom). The music program was either a Western classical
playlist, containing pieces largely based on Western classical
music similar to those typically used in psychedelic therapy, or
an overtone-based playlist, containing pieces that emphasized
instruments with a 2particularly strong overtone signature
(Tables S1 and S$2).” Similar to the previously developed
Western classical playlist, the overtone-based playlist was
developed iteratively by two authors (M.WJ and A.G.-R.)
through repetitive listening and refinement of overtone
selections and track order in line with the expected arc of
drug effects during sessions. Common tracks (25% of tracks in
the Western classical playlist were also used in the overtone-
based playlist) occurred mostly near the beginning and end of
sessions, corresponding to the pre-onset and “come down”
periods, respectively. The order of which playlist was used in
session 1 versus 2 was randomized for each participant and
counterbalanced. Music began at the time of psilocybin
administration. Each participant provided approximately 60
min of personally selected music before the first session, which
was played during all their sessions, approximately 4 h after
psilocybin administration, roughly corresponding to resolution
of peak effects. One participant elected to not include
personally selected music. The investigator playlist played at
all other points during the session. Prior to session 3,
participants were asked to select which playlist they would
like to accompany their third and final psilocybin session.

Outcomes. Subjective Effect Questionnaires. Participants
completed the MEQ30 at the completion of each psilocybin
session. The MEQ30 has previously been shown to be sensitive
to mystical-type subjective effects of psilocybin in survey
studies of psilocybin use and laboratory studies of psilocybin
administration.””~>® Participants also completed the CEQ_at
the completion of each psilocybin session. This 26 item
questionnaire is designed to index challenging experiences
related to psychedelic administration.”

Smoking Abstinence. Three measures of cigarette smoking
were used to determine smoking abstinence (1) timeline
follow-back (TLFB), (2) exhaled carbon monoxide (CO), and
(3) urinary cotinine level. Participants completed a smoking
TLFB assessment at each study meeting to assess self-reported
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cigarette smoking. The TLFB is a self-report calendar
completed retrospectively by particigants indicating the
number of cigarettes smoked each day.”” Breath-exhaled CO
was used as an objective and biological measure of smoking
over approximately the past 24 h.”® Breath CO was measured
using a Bedfont Micro III Smokerlyzer (Haddonfield, NJ).
Urine cotinine samples were used as an additional biological
and objective measure of nicotine exposure and allowed
detection of smoking or other nicotine product use over the
prior 6 days. Seven-day point prevalence abstinence was
verified through smoking TLFB data and objective and
biological verification (urine cotinine levels < 200 ng/mL
and breath CO < 6 ppm).”” ™'

Data Analysis. Descriptive statistics were used to
summarize subjective effect and smoking abstinence data
throughout the study phases. Differences in subjective effect
questionnaires (MEQ30 and CEQ) were compared between
the two randomized musical genre sessions using a paired ¢-test
with effect sizes summarized using Cohen’s d,. An additional
mixed-effect model was used to control for session dose while
accounting for the repeated measurements with a random
participant intercept. A between-subjects ¢-test was also used to
summarize differences in subjective effect questionnaire data
during the session 3 (i.e., participant selected musical genre
session). All analyses were conducted using R Statistical
Analysis with two-tailed tests and @ = 0.05.
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