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Abstract

Background Globally, an estimated 260 million people suffer from depression [1], and there is a clear need

for the development of new, alternative antidepressant therapies. In light of problems with the tolerability and effi-
cacy of available treatments [2], a global trend is emerging for patients to self-treat depression with microdoses

of psychedelic drugs such as lysergic acid diethylamide (LSD) and psilocybin [3]. Beyond anecdotal reports from those
who self-medicate in this way, few clinical trials have evaluated this practice. In our recently published phase 1 study
in healthy volunteers [4], we determined that LSD microdosing was relatively safe and well tolerated in that cohort.
Furthermore, the data demonstrated that conducting such microdosing trials is broadly feasible, with excellent adher-
ence and compliance to the regimen observed. In this open-label pilot trial of patients with major depressive disorder
(LSDDEP1), we will test the tolerability and feasibility of an 8-week regimen of LSD microdosing in this patient group
prior to a larger subsequent randomised controlled trial (LSDDEP2).

Methods Twenty patients meeting the DSM-5 criteria for major depressive disorder will receive an 8-week LSD
microdosing treatment regimen. The treatment protocol will use a sublingual formulation of LSD (MB-22001) deliv-
ered twice per week under a titration schedule using a dose of 5-15 pg. Tolerability will be assessed by quantifying
the percentage of participants who withdraw from the trial due to adverse events attributable to the treatment regi-
men, while feasibility will be assessed by quantifying the percentage of attended clinic visits once enrolled. To deter-
mine whether there is any antidepressant response to the LSD microdosing regimen, MADRS scores will be assessed
at baseline and 2, 4, 6, and 8 weeks after the commencement of the regimen.

Discussion The results of LSDDEP1 will provide valuable information regarding the tolerability and feasibility of a pro-
posed LSD microdosing regimen in patients with MDD. Such information is critically important to optimise trial design
prior to commencing a subsequent and more resource-intensive randomised controlled trial.

Trial registration ANZCTR, ACTRN12623000486628. Registered on 12 May 2023.
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Background and rationale

Major depressive disorder (MDD) is the leading cause of
global disability, with over 260 million people affected [1].
In Aotearoa/New Zealand, the jurisdiction of this study,
approximately 6% of persons experience a depressive epi-
sode each year [2]. Depressive disorders cause significant
detriment for the individual, their family (whanau), and
society as a whole with significant social and economic
impacts [2—4]. Despite this prevalence, current medical
therapies are limited by slow onset and variable tolerabil-
ity, with partial or total lack of efficacy in approximately
one-third of patients [5]. Surveys have shown that while
most New Zealanders who take antidepressants feel
they are helpful for mood, many report problems with
drug withdrawal (74%), sexual dysfunction (72%), weight
gain (65%), and emotional numbing (65%); all of which
negatively impact quality of life [6]. In Aotearoa/New
Zealand, patients with depression form the “missing mid-
dle” identified by He Ara Oranga [7]. These patients are
currently not being served adequately by mental health
services and are, arguably, the population most in need
of new treatment approaches. With the compounding
effects of high depressive disorder prevalence and low
efficacy of antidepressant therapies, there is a clear need
for the development of new, alternative therapies with
better efficacy and tolerability. New effective treatments
would provide great benefit by reducing the health and
economic burden of depression for patients, whanau
(extended family), and the community at large.

Microdosing of LSD

In lieu of more tolerable and efficacious treatments
being available, we are now seeing a concerning trend
worldwide for patients to forego conventional antide-
pressant therapies and instead self-medicate by “micro-
dosing” psychedelic drugs such as LSD and psilocybin
[8, 9]. Microdosing refers to the repeated consumption
of LSD or psilocybin for weeks/months in doses below
the threshold for causing pseudo-hallucinations [10].
In the last decade, the phenomenon of microdosing has
emerged in an underground community of lifestyle drug
users [11] with grey literature suggesting that this prac-
tice can improve mood [8, 10, 12].

Retrospective surveys of people who have microdosed
consistently cite mental health improvements as both a
principal motivation for, and outcome of, microdosing
[9, 11-16]. One survey found that 39% of respondents
were motivated by self-treatment of disorders including
depression, anxiety, attention deficit hyperactivity dis-
order (ADHD), post-traumatic stress disorder (PTSD),
and substance dependence [8]. Among these respond-
ents, nearly 90% rated the practice as helpful and only
1.7% rated it as unhelpful, as opposed to antidepressants,
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which only 35.5% rated as helpful and 53.9% unhelpful.
Studies tracking communities of people microdosing
have shown, using validated subjective measures, sig-
nificant increases in mental well-being and decreases
in depression and anxiety over 4 weeks [13] and signifi-
cant decreases in depression and stress symptoms over 7
weeks [15]. Although microdosers report self-medicating
for various psychological conditions, depression appears
to be the most common [15], and as such, depression is
the most natural indication to test as a clinical applica-
tion of LSD microdosing. While there has been exten-
sive global public interest in microdosing as a potential
therapy, research has not been able to keep pace with
this interest. To our knowledge, the trial to be conducted
here will be the first clinical trial of LSD microdosing in
patients with MDD. The present study will attempt to
determine whether a regimen of LSD microdosing is fea-
sible and tolerable for individuals diagnosed with MDD.

Safety of LSD microdosing

The trend for patients with psychological symptoms to
self-medicate with psychedelic microdoses is both inter-
esting and concerning. Although many studies indicate
that LSD is relatively safe in terms of physical effects
[17-21], the safety of microdosing in specific groups with
mental health conditions is unknown.

Safety data from healthy volunteers is available from
laboratory-based randomised controlled trials. In four
papers with relatively minimal safety reporting, LSD
microdoses were administered to approximately 138 par-
ticipants in total [19-22] with no serious adverse events
reported in these studies. Three of these studies have
shown dose-dependent increases in blood pressure [19,
20, 22]. In a more thorough documentation of adverse
effects, Family et al. [18] reported treatment-emergent
adverse events (TEAEs) in 48 healthy older volunteers
receiving six doses, one every 3 days, of either 0, 5, 10, or
20 ug of LSD. Although between 66.7 and 83.3% of par-
ticipants in each group reported TEAEs, the only statis-
tically significant difference between the groups was the
frequency of headaches. The percentage of volunteers at
LSD doses 5 pg, 10 pg, and 20 pg reporting headaches
were 16.7%, 50.0%, and 25.0%, respectively, compared
to 8.3% in the placebo group. All headaches were either
mild or moderate. No change in vital signs was observed
[18].

The phase 1 healthy volunteer (MDLSD) study we
recently conducted using home administration of LSD
microdoses similarly reported no serious or severe
adverse events [17]. Adverse events included mild nau-
sea, potential increases in jitteriness, stress, vivid dreams,
and anxiety, but the increase in headache frequency
reported by Family et al. [18] was not replicated in the
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MDLSD study—which had a much larger sample size. No
changes in vital signs were detected.

Scientific basis for current study design

The present microdosing study is based on the needs of
the intended population of end-users and considers the
common practices of microdosing in the community and
results from the MDLSD trial [17]. It is an exploratory
open-label phase 2a trial with the possibility for partici-
pants to take part in an extension period.

Dosing protocol

The MDLSD dosing protocol of 10 pg, every third day
was intended to closely mirror community microdos-
ing practices, where doses are commonly self-reported
as being between 10 and 13 pg [~ 10% of a full dose
“trip”; 10, 23] and follow the highly popular Fadiman [10]
schedule of dosing every third day. However, LSDDEP1
will consider some of the shortcomings of this scheduling
and that of others to modify the dosing schedule to better
suit the pragmatic study population’s lifestyle and sched-
uling considerations. Three key modifications have been
made: (1) reduction of the initial dose, (2) dose titration,
and (3) reduction of the number of doses a week.

The reduction in the initial dose to 8 ug along with dose
titration has been informed by the results of the MDLSD
trial [17]. Following the first wave of 19 participants in
the MDLSD study, some participants reported feeling
over-stimulated. A dose titration procedure was added
to the protocol to reduce these unpleasant effects. Over
the rest of the MDLSD study, seven participants entered
the titration procedure (reduction to 5 pg then increase
by 1 ug steps as feasible). Six were in the active inter-
vention group and one in the placebo. Four participants
completed the protocol under the titration protocol and
three were withdrawn due to adverse events [17]. In the
current study, the most appropriate dose for a participant
will be the one in which they may feel subtle effects of
the LSD, but not to the extent that is negative, overstim-
ulating, or consciousness-altering. Thus, in LSDDEPI,
the initial dose has been reduced to 8 pg, increasing at
a rate of 1 ug per dose to a maximum dose of 15 pg. If
participants experience any uncomfortable effects, their
dose will be reduced by 3 pg for their next dose, with this
increasing by 1 pg per dose to a level where they are com-
fortable. The decision to increase/decrease the dose will
be based on the participant’s self-report.

Changes in dosing frequency made, come from a com-
bination of both scheduling awkwardness and a lack of
flexibility for participants. In practice, dose administra-
tion every third day misaligns with the 7-day week and is
inconvenient for both participants and for study sched-
uling [17]. In this protocol, participants will microdose 2
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out of 7 days a week for 8 weeks with the restriction that
microdoses should not take place on consecutive days.
As such, a 16-dose regimen will be used for the 8-week
treatment period. Reduction in dosage frequency allows
for flexibility for the participant and accommodation if
they have a special event or need to undertake activities
(e.g. driving) on certain days where the dosing may not
allow them to.

Participant safety

A number of safety aspects of the current trial have been
carefully considered. A patient history of psychosis will
be considered as contraindicated—although specific
data on this is lacking. Participants with a family his-
tory of psychosis (confirmed first-degree relative) will
be excluded from the trial. LSD, even in microdoses,
has sympathomimetic effects and can cause increases
in heart rate and blood pressure [20]; thus, participants
with a significant history of cardiovascular disorders
will also be excluded from this study. While there are
no modern studies of potential teratogenic effects, LSD
studies from the 1950s/1960s generally failed to find
teratogenic effects of LSD, and no epidemiological stud-
ies have linked LSD to birth defects with the widespread
community use of LSD [23]. Nevertheless, applying the
precautionary principle, persons who are pregnant or
lactating will be excluded from the current trial. Sexually
active persons of child-bearing potential can be enrolled
if they have a negative pregnancy test at screening and
agree to use effective contraception for the duration of
the clinical trial. Male participants must also agree to use
effective contraception for the duration of the clinical
trial. See Supplementary Participant Information Sheets
for definitions of effective contraception. Special consid-
eration is given to the impact of LSD on driving and the
legality of the drug itself. As the effect of LSD microdos-
ing on driving has not been investigated, participants will
be instructed not to drive for the 6 hours following dos-
ing. As LSD is a class A scheduled substance in New Zea-
land (Aotearoa), participants should only use the drug as
instructed and will be made aware that misuse or sup-
ply to others constitutes a criminal offence that may be
prosecutable.

Justification for concurrent antidepressant use

In a perfect world, all potential participants would be
free of antidepressant medications providing a “clean”
sample of participants to enrol study in phase 2 studies.
In reality, this is not the case as many adults in Aotearoa
with MDD have been prescribed an antidepressant of
some kind [24]. Even if we were able to sample currently
unmedicated patients as we did in another study [25],
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this sub-population would probably not be representative
of the wider MDD population.

Commonly, participants entering a clinical trial will
have a medication washout prior to trial enrolment
(often defined as being 2 weeks medication-free). How-
ever, these protocols are likely inadequate with NICE UK
[26] recommending antidepressants are tapered off over
a 4-week period. NICE also note that discontinuation
symptoms can occur up to 9 weeks after cessation, with
the potential for participants to be de-stabilised, with
worsening depression [27], representing a safety issue.
Moreover, patients with less stable depression are more
likely to show regression to the mean effects and overall
higher variance in the main efficacy measures, particu-
larly the MADRS which would be counter-productive to
the purposes of the LSDDEP1 study.

Most antidepressants are unlikely to present a safety
issue to participants when taken alongside LSD micro-
doses; however, antidepressants might dampen the
response to LSD [28]. Given that the current trial will
use dose titration, in theory at least, this might to some
extent ameliorate this dampening issue. As such, this trial
will allow participants to maintain a stable antidepressant
therapy while in the trial (only excluding monoamine oxi-
dase inhibitors).

Cultural considerations

It is essential that any work undertaken in Aotearoa fully
considers the impact on and for the indigenous Maori
population. This is especially the case for mental health
research, as Maori tend to be overrepresented in preva-
lence statistics [17% New Zealand European vs. 21%
of Maori diagnosed with MDD between 2020 and 2021
[29] and experience worse outcomes with the health-
care system [30]. This gives a strong long-term goal of
this research and many others to provide equal access
to healthcare and improved mental health outcomes for
Maori individuals.

The disproportionate number of Maori individuals suf-
fering in the mental health sector fortifies the idea that
Maori should be involved in each step of the research
process to provide the best possible outcome. Maori
consultation has been undertaken with the Aotearoa
Psychedelic Maori Advisory Ropua (group) (AP-MAR)
regarding the implementation of LSDDEP1 and will be
ongoing throughout the research process. The AP-MAR
group includes Maori advisors, researchers and psychol-
ogists who carefully assess proposals to ensure Maori
benefit from the development of interventions and that
they are culturally safe and sensitive. Te Ao Maori (Maori
worldview) aspects have been woven into the design and
assessments including the use of Hua Oranga to assess
the domains of a widely used Maori model of health, Te
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Whare Tapa Wha [31], and various aspects of the proto-
col will be implemented in such a way as to ensure that
Tikanga (customary practices) are observed.

One major shortcoming of the MDLSD trial conducted
was that only 3.75% of the sample identified as Maori,
while they represent 16% of the population of Aotearoa.
To remedy this under-sampling, the current protocol will
ensure that a minimum of 25% of participants identify as
Maori. Another aspect concerning Maori is the impor-
tance of encouraging participants to bring in whanau
(extended family) to support them in assessments and
dosing days. We will also be undertaking whanau inter-
views after the completion of the trial to see what they
thought about the trial and any changes they noticed in
the participant (their whanau).

Patient public involvement panel

The current clinical trial design was produced in con-
sultation with a patient and public involvement panel of
persons with lived experience with depression using the
UK INVOLVE standards [32]. This process began with a
public forum on the LSDDEDP trials attended by approxi-
mately 100 people in person and via video conference
with 12 patients later invited to join the panel. At the date
of submission, three panel forum meetings have been
held. In particular, panellists clearly endorsed/encour-
aged (a) the overall study design, (b) the concurrent use
of antidepressants, and (c) the use of extension periods
for fairness. Panellist involvement is anticipated to con-
tinue throughout the life cycle of LSDDEP1.

Objectives

The primary objectives of LSDDEP1 are to assess the tol-
erability of the designed regimen of LSD microdoses in
patients with MDD and to assess the feasibility of con-
ducting a larger RCT using the described study proce-
dures. Tolerability will be assessed by quantifying the
percentage of participants who withdraw from the trial
due to adverse events attributable to the treatment regi-
men, while feasibility will be measured as the percentage
of attended clinic visits once a patient is enrolled in the
trial.

Secondary objectives will also be examined within
this study to give some clinically relevant informa-
tion. Specifically, this will be to track the time course of
depressive symptomology in patients with MDD receiv-
ing the proposed regimen of LSD microdoses using the
Montgomery-Asberg Depression Rating Scale [MADRS;
34]. LSDDEP1 is being conducted in anticipation of the
conduct of LSDDEP2, a subsequent randomised control
trial with the same or similar dosing regimen and a larger
participant group. A further secondary goal is to measure
compliance with the trial assessment load given the large
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number of exploratory measurements that will be con-
ducted (described in the “ Outcomes” section). Overall,
the objective of LSDDEP1 is to pilot and optimise trial
procedures for LSDDEP2.

Methods/design

Participants

There will be 20 participants diagnosed with MDD as per
the Diagnostic and Statistical Manual of Mental Disor-
ders, Fifth Edition (DSM-5) criteria for MDD as identi-
fied by clinical interview. At least 25% of the sample will
be Maori. Participants will be required to meet all the
inclusion and exclusion criteria outlined in Tables 1 and
2 and adhere to the lifestyle considerations outlined in
Table 3.

Study design

The study is a phase 2a open-label pilot trial of LSD
microdosing in patients with major depressive disor-
der (MDD) to test the feasibility and tolerability of trial
procedures for a subsequent randomised controlled trial
(LSDDEP2). Eligible participants (N = 20; > 5 Maori)
will all receive LSD microdoses, beginning at 8 pg with
a titration range from 5 to 15 pg. The LSD will be self-
administered (for more information see the “ Drug
preparation and administration” section). All “on-site”
visits will occur at the Clinical Research Centre on the
Auckland University Grafton Campus in Auckland, New
Zealand.

Upon expression of interest in the trial, participants
will be emailed a link to a short pre-screening question-
naire. This allows for rapid determination if participants
would be excluded and reduces the burden on an already
distressed population if they are not able to progress to
the next stage. Following completion of the pre-screening
questionnaire, eligible participants will be emailed the

Table 1 Full inclusion criteria
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relevant participant information sheet (PIS) and con-
sent form (CF) (see Additional file 1) and invited to take
part in the screening process. The PIS will be given to
potential participants before their screening visit, allow-
ing them enough time to seek independent counsel, such
as that from a lawyer, general practitioner (GP), or fam-
ily member. These documents contain information on
the trial’s purpose, what will be asked of the participant,
known risks of participation, and any implications and
constraints of the protocol. Participants will be allowed
and encouraged to ask questions of the study team at any
point prior to or during the screening process.

The screening process will be split into two sessions,
the first of which will occur remotely over phone/video
call for participant convenience. This will involve obtain-
ing medical and psychiatric history, carrying out the
MADRS and C-SSRS and assessment of inclusion/exclu-
sion criteria (see Tables 1 and 2). Both the MADRS and
C-SSRS have been endorsed for remote use [34]. At this
stage, the research team will ensure that the participant
knows the time requirements, risks, and assessments
required for the trial and informed consent will be con-
firmed via their verbal understanding of the information
presented and through written, e-signed informed con-
sent. Verbal consent and eligibility will be confirmed at
each session. If eligible, participants will be invited to an
in-person screening. This will occur onsite and include
physical measurement of height, weight, vital signs,
12-lead ECG, laboratory tests, drug/alcohol breathalyser
test, and pregnancy test.

If participants are eligible after the screening battery,
they will be invited to attend a baseline session onsite
(baseline visit; see Fig. 1). This will involve baseline elec-
troencephalography (EEG) readings, MADRS and other
depression inventories, and providing blood samples
for the biomarker panel. At this stage, participants will

Inclusion criteria

Consent

Provision of signed and dated informed consent form

Stated willingness to comply with all study procedures and availability for the duration

of the study

For sexually active persons of child-bearing potential, i.e. assigned female at birth:
agree to use an effective or highly effective contraception for at least 1 month prior
to screening and agreement to use such a method during trial, until the one-month
follow-up is completed

For those assigned male at birth who are of reproductive potential: use of condoms
or other methods to ensure effective contraception with partner

Ability to take oral medication and be willing to adhere to the study intervention regi-

men

Demographics

Any gender identity

Aged, 21-65 years

Clinical characteristics

Diagnosis of MDD as per the DSM-5 criteria for MDD (determined by clinical interview)

- Have a MADRS score between 18 and 35 at the time of screening
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Table 2 Full exclusion criteria

Exclusion criteria

Mental health diagnosis  Current or past history of schizophrenia or other psychotic disorders or bipolar | or Il disorder as assessed by clinical interview.
Patients with MDD with psychotic features will be excluded. Also excluded will be individuals with a known first-degree rela-
tive with these disorders.

Diagnosis of PTSD
Diagnosis of an eating disorder

Current risk Stage Il or higher treatment-resistant depression as defined by the Thase and Rush [33] staging criteria for the current depres-
sive episode.
Risk of suicide as determined by The Columbia-Suicide Severity Rating Scale (C-SSRS). Specifically, patients answering “yes”

to items 3-5 covering the last 3-month period will be excluded.

Substance dependence in the previous 6 months use as assessed by clinical interview with a New Zealand modified version
of the NM-ASSIST.

Problematic use of alcohol defined as a score on the AUDIT of 16 or greater.

Use of monoamine oxidase inhibitors, methylphenidate, or dexamphetamine.

Excessive ongoing medication burden as determined by a study physician.

Regular use of any medications/supplements deemed to be contraindicating as judged by a study physician.

Treatment with another investigational drug or other intervention within 2 months.

Any lifetime history of psychedelic microdosing.

Use of serotonergic psychedelic drugs (LSD, psilocybin, DMT, etc.) in the last year.

Lifetime history of self-medicating with psychedelics to treat their depression.

BMI < 18 and > 35.
Planned or current pregnancy or lactation.

Drug use

Physical health

Cardiovascular conditions including abnormal heart rate or blood pressure to be checked at screening. A threshold
of exceeding 160 mmHg (systolic) and 90 mmHg (diastolic), averaged across three assessments taken on the screening day
will be used. Participants with well-managed hypertension will not be excluded.

Vital signs

Significant renal or hepatic impairment.

Abnormal 12-lead ECG as judged by a study physician.

Abnormal laboratory test findings (complete blood count, liver function test, renal function test, thyroid function test)
as judged by a study physician.

Laboratory tests

Any unstable medical or neurological condition.
Any other condition judged by the treating clinician as likely to impact on the ability of the participant to complete the trial.

Diagnoses

Table 3 Lifestyle considerations

Lifestyle considerations

Caffeine
Alcohol

Limit caffeine consumption to ~ 100 mg on dosing day.

Abstain from alcohol for 24 h before the start of each first dosing session.

A breathalyser test will be performed at each dosing session. A failed breath alcohol test (> 0 pg/L breath) will lead to withdrawal.
Recreational drugs ~ Abstain from recreational drugs for the duration of the study.

Participants who use tobacco products will be instructed that use of nicotine-containing products (including nicotine patches)
will not be permitted while they are at the study site.

Tobacco

Depression therapy  Not begin any new therapies for depression over the course of the study.

For persons who are menstruating, best efforts will be made to time the dosing session with the start of the follicular phase
of the menstrual cycle, and participants will be asked to report the onset of menses during their participation.

Menstruation

be given a wearable activity tracking and a study mobile  of the investigational medicinal product (IMP) and be

phone app will be installed on their phone. If a partici-
pant does not have a mobile phone, one will be provided
for them. At this stage, adverse event (AE) recording,
sleep and activity tracking, and daily questionnaires will
commence. Echocardiograms will also be measured at a
subcontracted clinical facility.

Six days (+ 2) later, participants will be asked to come
onsite again for their first dosing day (dosing 1; see
Fig. 1). Participants will be given their first single dose

monitored for 6 h before being discharged. Blood will
be drawn prior to drug administration and at 20, 40, 60,
90 120, 180, 240, and 360 min (+ 5 min) after adminis-
tration. Subjective drug effect measures (VAS scales)
will also be collected at these time points as per Mur-
phy et al. [17]. EEG measures will be commenced ~ 2 h
after administration. Participants will then be discharged
with five doses for additional dosing. These doses will be
self-administered sublingually two out of every 7 days.
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Screening (Remote)
Day -28 to -8
Screening (Visit 1)
Day-28to -7
Baseline (Visit 2)
Day-6 +/-2
Dosing 1 (Visit 3)
Day 1

Procedures

Dosing Period 1
Day 1to Day 57

Measure 1 (Visit 4)
Day 57 +/-2 days
Dosing 2 (Visit 5)
Open-label extn.

Day EXT1
Dosing Period 2
Day EXT 1-57
Measure 2 (Visit 6)
EXTS7 +/-2 days
Follow-up

30 +/- 7 days since last
visit

Long-term Follow-up 1

(3 months since last

visit)

Long-term Follow-up 2

6 months since last visit

Informed consent

Demographics

Medical history

Antidepressant Use

Psychiatric Screening 2

Personality Inventories °

MADRS

C-SSRS

>
<

<

MIBIEREIEIRIESES

Concomitant Medications

> [ [>|x
>
> [ [x|x

Height

Weight

Laboratory Tests

Pregnancy test ©

Vital Signs

12-lead ECG

X[ [ [>[>x
X[ [ [>[>x

Drug /Breathalyser test

X ||| x| x| |x|x|x|x

Eligibility Confirmation

Psychiatric Inventories ¢

Hua Oranga

Expectancy (CEQ & Interview!)

Sexual Functioning (CFSQ-14)

EEG ®

Genetic samples

X[ [ [x|x|x|x

Biomarker panel f

Sleep and activity tracking

>

Daily Questionnaires

Adverse Events

App. Intervention

Echocardiography X

App. Useability

Drug Intervention

Serotonin Syndrome check

Pharmacokinetic samples &

EIEIEIE

Pharmacodynamic measures "

BIEIEIE

Semi-structured interview

X X

Whanau Interview

X

DESS (discontinuation)

BFI-2, CFI, MODTAS, FEMQ

®T0Q0 g

Actual time will be recorded.

n T

MINI Standard, AUDIT, NM-ASSIST and Clinical Interview

Serum pregnancy test (persons of childbearing potential).
HAM-A, Ruminative Response Scale, DARS, DASS21, WHOQOL-BREF, WCS
Resting EEG eyes-open, eyes-closed, long-term potentiation, mismatch negativity, Doors task, LDAEP
Plasma BDNF, mRNA, inflammatory cytokines, SNPs.
PK samples at baseline and at 0,20,40,60,90,120,240,360 (+/-5 minutes) minutes after drug administration.

Vital signs, VAS measures, speech task measured at each PK sample-point
it Expectancy Interview only conducted at Baseline

Fig. 1 Schedule of activities

Participants will attend a further two re-supply visits
during the dosing period. Between days 1 and 57 (dosing
period 1; see Fig. 1), they will undertake at-home dosing
2 times a week for a total of 16 doses over 8 weeks.
During this period, they will complete a MADRS on
days 14, 28, and 42 (+ 3 days) over a video call. Partici-
pants will then be asked to come in for their fourth and
final visit on day 57 (+ 2 days). In this visit, they will
undertake a final MADRS, EEG, biomarker panel, and
semi-structured interview. If they consent to, at this
stage, a whanau (extended family) member will also be
asked to attend a separate semi-structured interview con-
sidering their whanau member’s experience with the trial
(for the full schedule of activities, see Fig. 1). At the dis-
cretion of investigators, participants in this trial will have

the option to undertake an up to 8-week extension period
with the same protocol as the initial part of the trial. Par-
ticipants will also have three follow-ups, one at 30 days (+
7 days) from the last measure session date and one at 3
months and 6 months from the last measure date.

Outcomes

The primary and secondary outcome measures of this
trial are displayed in Tables 4 and 5, respectively. The pri-
mary measures are tolerability and feasibility. Tolerability
is measured through the percentage of participants who
withdraw from the trial due to adverse events attribut-
able to the treatment regimen where a lower value rep-
resents better tolerability. Feasibility will be measured via
compliance with the LSDDEP1 protocol, detailed by the
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percentage of attended clinic visits once enrolled. Both of
these measures, alongside participant feedback through-
out the trial and in the semi-structured interviews, will
allow for the optimisation of procedures for the subse-
quent LSDDEP2 trial. The full schedule of assessments is
detailed in Fig. 1.

The participants will also undertake a battery of psy-
chological testing which includes the MADRS which is
a secondary outcome in the present study, however, the
MADRS will be used as the main efficacy measure for
LSDDEP2. The MADRS is one of the most commonly
used depression scales in pharmaceutical/regulatory
registration trials of depression and consists of 10 items
which are summed to a maximum potential score of 60
[36]. Compliance with the trial load will also be quan-
tified as the percentage of assessments completed for
each assessment type and time point. This will provide a
measure of the acceptability of the trial assessment load,
which is important as we do not want to overburden the
depressed patient sample. Both the MADRS and com-
pliance will be secondary measures of this trial seen in
Table 5.

Safety measures are detailed in Table 6 and include
recording of adverse events, measurement of objective
safety measures, and checks for serotonin syndrome.

Table 4 Primary measures
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Adverse events and their severity will be recorded by the
participant in the study app off-site and by the research
team on-site. Measures of objective safety will include
complete blood count, liver function, renal function,
thyroid function, 12-lead ECG, and vital signs at base-
line, at the 8-week time point and after completion of
the extension period. Echocardiograms will be recorded
at baseline and after maximum drug exposure depend-
ing on whether a participant enters the extension period.
Serotonin syndrome checks will be made on dosing 1 and
dosing 2 visits, consisting of checks of body temperature,
diaphoresis, shiver/tremor, and agitation and induced
clonus if indicated.

A number of additional exploratory measurements will
also be made; for the full description, see Table 7.

Participant recruitment

This trial will aim to recruit 20 patients, at least 25% of
who will identify as Maori. Participants may need to be
excluded based on ethnicity basis if recruitment targets
have not been met.

All participants will be recruited from the New Zea-
land community. Participants will be recruited from gen-
eral practices within the greater Auckland area and via
advertisements placed in local newspapers, noticeboards,

Outcome domain Measure

Definition

Tolerability

Feasibility
the feasibility of conducting LSDDEP2

Adherence to a regimen of LSD microdoses

Compliance with LSDDEP1 study procedures to determine

Percentage of participants who withdraw from the trial
due to adverse events related to the treatment regimen

Percentage of attended clinic visits once enrolled

Table 5 Secondary measures

Outcome domain Measure

Scale

MDD symptoms MADRS [35] assessed at baseline and at 2,4, 6,and 8
weeks time points
Compliance Acceptability of trial assessment load

10 items, each clinician-rated on a 7-point Likert scale,
summed to give a total score between 0 and 60

Percentage of assessments completed by assessment type

Table 6 Safety measures

Outcome domain Measure

Scale

Adverse event profile
ing in app and on site
Modification

of objective safety
measures

Laboratory tests

Serotonin syndrome

Assess the incidence of SAEs and AEs by severity, record-

Tabulations of AEs by severity and SAE listings from baseline to 1
month post-intervention.

Complete blood count, liver function, renal function, thyroid
function), 12-lead ECG, and vital signs will be measured at baseline
and at the 8-week time point and after completion of the extension
period. Echocardiogram will be measured at baseline and after the
last dose is taken.

Complete serotonin syndrome checks at each dosing visit - Clonus, diaphoresis, shiver/tremor, and agitation body temperature.
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and online using social media, allowing potential partici-
pants to make initial contact with the study team. Our
study team also has a database of patients with (self-
reported) major depressive disorder who have expressed
interest in participating in clinical trials. These patients
will be directly emailed by the study team. Participants
will first complete a brief pre-screening questionnaire for
trial staff to allow rapid determination if the participant
would be excluded.

If eligible, participants will receive koha (gift) in rec-
ognition of the time and commitment associated with
taking part in the study. Individuals will receive a total
of $250 in gift cards at the end of the study and have
any expenses reimbursed. In addition, participants will
receive a further $20 each time they complete the doors
EEG task. Participants who fail screening will be given a
$20 gift card for their time.

Strategies to improve adherence
The home-dosing protocol will be monitored through
mobile directly observed therapy (MDOT) to ensure
adherence and prevention of medication stacking.
MDOT has been employed in various medication sce-
narios such as the utilisation of asthma inhalers [57], and
the MDLSD trial confirmed 100% compliance with a reg-
imen for that trial [17]. On dosing days, participants will
receive an app notification reminding them to take their
medication that morning and asked to record a video of
them taking the medication.

Using their mobile phones, participants will record
a video clearly showing the self-administration proce-
dure. The trial staff will check the video for compliance
with instructions. If a participant repeatedly performs
the MDOT procedure poorly, they will be removed from
the trial at the discretion of an investigator. Videos will
be deleted immediately after compliance checking and
noted in the electronic case report form (eCRF). Partici-
pants will be trained on the MDOT procedure during the
large break periods of dosing 1.

Drug preparation and administration

Good Manufacturing Practice (GMP) quality LSD Hemi-
tartrate Active Pharmaceutical Ingredient (Psygen Ltd.,
Calgary, Canada) will be formulated to GMP by Biocell
Corp. (Auckland, New Zealand) to produce MB-22001—
the investigational medicinal product (IMP) to be used
in this trial. Doses are stated as free base equivalents in
this document. The contract manufacturer will receive a
MedSafe Manufacturing licence for the IMP prior to the
commencement of the trial. Investigational products will
be labelled consistent with legal requirements. All partic-
ipants will be offered a lock box to securely keep the IMP
at home—and to prevent accidental ingestion by minors
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or individuals other than the participant. MB-22001 is a
liquid formulation that participants can self-administer
sublingually.

Participants will be supplied up to a maximum of five
LSD doses at a time. The dosing regimen includes 16
doses with the first dose given in clinic on dosing day and
subsequent doses self-administered twice a week for 8
weeks The first box of five doses will be supplied at this
visit. A further two re-supplies will need to take place
over the dosing period. Participants will be asked to dis-
pose of packaging and any residual dose themselves.

Instructions for self-administration will be guided by
the study mobile phone application. Doses should be
taken no later than 2 pm each day to prevent disrup-
tion to sleep. Participants are instructed not to drive or
engage in any dangerous activities for a 6 hour window
following dosing.

Psychotherapeutic element

In the grey literature, self-medicating microdosers rec-
ommend setting intentions for activity and reflecting
on the acute microdosing experience to improve the
purported benefits. MDLSD qualitative reports appear
consistent with this (data in preparation). As such, partic-
ipants will be encouraged to take part in activities such as
walking, engaging with creative pursuits, and social activ-
ities, and the drug intervention will be accompanied by
a psychotherapeutic intervention to try to maximise the
potential psychological effects of microdosing. Delivery
of this intervention will be standardised and programmed
into the study mobile phone app. For each microdosing
session (apart from the first dose in the laboratory), par-
ticipants will be asked to choose an activity to do on the
microdosing day. At the baseline session, an initial set of
activities will be selected with assistance from a member
of the trial team and loaded into the app on the partici-
pant’s mobile device. During the dosing session, the app
will remind the participant of their scheduled activity.
On the evening of the microdose, participants will then
be able to journal and reflect on their day with prompts
provided by the app. Journaling can be done via, audio,
text, or photo (of handwritten entries) at the participant’s
discretion. The number of journal entries submitted will
be an outcome measure.

Extension period

LSDDEP1 will have an optional extension period lasting
up to 8 weeks. This will allow preliminary investigation
of the desire and effects of participants to continue the
intervention regimen. In the extension, participants will
be allowed to dose less than twice a week should they
choose to and this would not be considered a protocol
violation. Commencement of the extension period can
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be delayed by up to 14 days from measure 1 visit. Should
a participant wish to stop microdosing halfway through
the extension period they will be invited in for a final
measure session and then enter the follow-up period.

Relevant concomitant care and post-trial care

Throughout the research, participants will get care as
usual from their general practitioner and will be provided
recommendations for preferred therapies for any non-
exclusionary health conditions that arise. It is considered
exceedingly unlikely that participants will suffer long-
term harm; however, participants will be able to apply for
compensation for any injury sustained during the trial
under the University of Auckland insurance policy.

Statistical analyses and power calculations

No frequentist inferential statistics will be performed on
data collected from this pilot study to inform the transi-
tion to LSDDEP2. Analyses will consist of descriptive
statistics such as means, medians, standard errors, and
95% confidence intervals. The main descriptive statis-
tics will be the percentage of participants completing the
dosing regimen; percentage of attended clinic visits once
enrolled; percentage of measures completed grouped by
measure; change in MADRS scores 2, 4, 6, and 8 weeks
of LSD microdosing compared to baseline; and percent-
age of participants classified as responders and remit-
ters at 2, 4, 6, and 8 weeks as measured by the MADRS.
A “responder” at a particular time point is defined as a
participant who experiences a 50% reduction in MADRS
score relative to baseline. A “remitter” at a particular time
point will be classified as a participant who has a MADRS
score < 10 at that time point [58].

This is the first study to investigate LSD microdosing as
an intervention for MDD, and as such, there are no previ-
ous effect size estimates on which to base power calcu-
lations. Given the desire to also explore secondary and
exploratory outcomes with maximum power, the sample
size was based on pragmatic reasons (cost and potential
ability to recruit participants).

Adverse event reporting and harms

An adverse event (AE) is any unexpected medical occur-
rence (e.g. any unfavourable and unintended sign,
including abnormal laboratory or physical exam find-
ings, symptoms, or disease) that arises during partici-
pant involvement in the research whether or not they are
considered to be related to participation. This definition
includes concurrent illnesses, injuries, and exacerbation
of pre-existing conditions. It does not include antici-
pated day-to-day fluctuations of pre-existing disease(s) or
condition(s) present or detected at the start of the study
that do not worsen. As such, any AE may be temporally
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or causally associated with the use of the investigational
medicinal product.

Adverse events occurring off-site will be recorded via
the mobile phone app. Participants will be prompted to
describe the event, give a date and time of onset, request
a follow-up call from the study team if desired, and give
a self-graded severity of the event (mild, moderate, or
severe). AEs recorded in the daily report form will be
reviewed daily by trial staff. Any AE rated as moderate/
severe by a participant will result in an immediate alert to
the study team.

Adverse events occurring onsite will be recorded in the
case report form (CRF), whether or not they are attrib-
uted to trial medication. AEs will be actively sought
through non-directive questioning of participants at each
study visit. Additionally, patients may voluntarily report
adverse events during or between visits, and they can also
be identified through physical examination, laboratory
tests, or other assessments. AE information recorded
in the CRF includes description, date and time of onset,
severity grade (mild, moderate, or severe), and the rela-
tionship between AE and IMP (related or not related),
if the AE is expected or unexpected, action taken and
outcome.

All serious adverse events (SAEs) will be reported to
MedSafe by the principal investigator as per section 6 of
the MedSafe reporting guidelines described in the Reg-
ulation of Therapeutic Products in New Zealand Part
11: Clinical trials — regulatory approval and good clini-
cal practice requirements. These are submitted via the
HDEC website (https://nz.forms.ethicalreviewmanager.
com) as soon as is practical.

Participant withdrawals

If a participant requests it, one of the exclusion criteria
listed in Table 2 above is violated, there is insufficient
dose compliance (at the discretion of study investiga-
tors), they experience a serious adverse event or if any
other condition arises that the study team determines is
likely to have an impact on their ability to function, and
the intervention will be stopped immediately. Decisions
to withdraw a participant will be made at the discretion
of the study clinicians.

Data collection and management

Data collection is the responsibility of the clinical trial
staff at the site under the supervision of the study inves-
tigators. Individual paper-based files will be maintained
for each participant, while the majority of the CRF and
data capture will be handled through the online Research
Electronic Data Capture (REDCap) tools hosted at the
University of Auckland. REDCap is a secure, web-based
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software platform specifically designed to facilitate data
capture for clinical trials.

Clinical data (including AEs, concomitant medications,
expected adverse reactions data), demographics, medical
history, height, weight, notes on physical examinations,
alcohol/drug screening results, vital signs, eligibility con-
firmation, self-reported questionnaires, and daily ques-
tionnaires will be entered into REDCap. All electronic
data is to be stored on password-protected University of
Auckland servers that have multi-site backups and tape
archiving. Each data file will have a corresponding origi-
nal, unprocessed version that can only be modified by a
University of Auckland IT systems administrator, thus
ensuring audit capability and accuracy of extracted data.

For all data, participants will have a unique trial num-
ber which will be recorded on all their electronic forms.
On all trial-specific documents excluding the signed
consent, prescriptions, referral forms, labelled IMP, and
page one of the CRF, participants will be referred to by
this number, not their name. All source data and study
documents will be held for a period of 15 years from the
completion of the trial.

Trial governance

The Trial Steering Committee (TSC) consists of a sub-
set of investigators from the study who will oversee the
trial. In particular, the TSC will collaboratively develop
and approve the final protocol; oversee the progress of
the trial, adherence to the protocol, participant safety and
consideration of new information, and be responsible
for publication and dissemination. The TSC was in full
agreement prior to submission of the final protocol and
will take responsibility for major decisions, e.g. change
of protocol, supervision of trial progress, and review-
ing relevant information from other sources. If a change
is necessary, a minimum agreement of 50% of the TSC,
including the PI, is required, with the PI holding the
deciding vote. No external independent Data Monitoring
Committee will be formed for this pilot trial. Clinical site
monitoring will be conducted by the National Institute of
Health Innovation (www.nihi.auckland.ac.nz).

Dissemination policy

This study will be registered at ANZCTR, and result
information from this trial will be available within 12
months of completion of the study. Results will be pub-
lished in relevant academic journals and communicated
with the wider public via news media and social media.

Discussion

The present study gives one of the first investigations
into the potential effects of self-administered psychedelic
microdosing in a depressed participant population over a
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long period in a naturalistic setting with LSD. The proto-
col entails an exhaustive battery of subjective psychologi-
cal measures, objective laboratory testing, and qualitative
interviews. It is not expected that these data by them-
selves will answer particular hypotheses at this stage;
however, they do represent a prospective set of proce-
dures and outcome measures that could be employed in
LSDDEP2—a larger randomised controlled trial. One
aim of the current study is to ensure that the many meas-
urements taken do not place an excessive burden on
participants as this could lead to poor data quality or a
high level of dropouts—which would negatively affect an
RCT. Similarly, the current intervention design of both
pharmacological and non-pharmacological aspects has
been based on community practises and findings from
the phase 1 MDLSD study. Nevertheless, it is notewor-
thy that the demography of that dataset was healthy male
volunteers, while the current participant population
includes all gender identities with major depressive disor-
der. Objective data and qualitative interviews with partic-
ipants may help to determine whether this intervention
is appropriate for the study population and/or if further
optimisations are required.

Together the LSDDEP trials will help to establish the
effects of microdosing in a population sample of individ-
uals experiencing depression. It is noteworthy that sev-
eral uncontrolled studies of microdosers have suggested
that many, if not all, of the claimed effects of microdos-
ing are placebo responses [13, 59]. If this is the case, and
microdosing can be shown to be purely placebo in terms
of antidepressant effects, then it is important that this is
established in the context of clinical trials. Patients would
then likely benefit from returning to evidence-based
usual care pathways, instead of self-medicating. On the
other hand, if the antidepressant effects of LSD micro-
dosing are confirmed, then appropriately regulated LSD
microdosing regimens could be further developed as
treatments.

Trial status

The LSDDEP1 trial protocol is currently on version 2.3
(19 July 2023). Recruitment for this trial has commenced
on 19 July 2023.
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