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Introduction

The health conditions in which LSD-assisted therapy may be efficacious identified in the initial
search included anxiety (either with or without a life-threatening iliness), alcohol use disorder,
opioid use disorder, cluster headache, pain, and schizophrenia. Of these, only anxiety disorders
and alcohol use disorders had a sufficient number of published randomized controlled trials
(RCTs) to be able to evaluate the efficacy of LSD treatment as compared with standard
treatments.

There was one RCT for opioid use disorder, a trial occurring in the 1960s and carried out in a
prison population. There have been no trials since, and no meta-analyses that would allow us to
compare the efficacy of this as a treatment against current treatments. There were no RCTs for
cluster headache. There were a number of survey studies, but most were anonymous,
retroactive, and include polydrug use, so the true extent of LSD as a treatment is unclear. There
were no RCTs investigating LSD as a treatment for pain. There were non-RCTs carried out in the
1960s, which found that the analgesic effects of LSD were not long-lasting, presumably leading
to this not being an avenue of further study. Finally, there were no RCTs for schizophrenia. This
health condition was investigated in two non-RCTs in the 1960s. In fact, schizophrenia may be a
contraindication for LSD; in some instances LSD-induced psychosis may be a drug-induced form
of schizophrenia, and there may be a greater risk of a psychosis response to LSD in those with a
genetic disposition for schizophrenia®.

Anxiety Disorders

In the search, two RCTs were identified®3. Both explored the efficacy and safety of LSD-assisted
psychotherapy in patients experiencing anxiety with life-threatening illnesses. One of these
studies? also included participants with anxiety disorders, but without a life-threatening
condition. Both studies were double-blind, placebo-controlled, phase Il clinical trials. Each study
consisted of two visits in which the drug was administered accompanied with psychotherapy,
and a further five to six therapy visits without the drug. Anxiety was measured using the State-
Trait Anxiety Inventory (STAI) in both studies, including the STAI-State (S) and STAI-T (Trait)
subdivisions. Follow-ups were conducted regularly up to 12 months after treatment.

Between the two studies, a total of 49 participants completed treatment. Doses of LSD ranged
from 20 micrograms (ug) (an active control dose) to 200 ug (the treatment dose). While there
were methodological differences between the studies, ultimately both showed statistically
significant reductions in anxiety following LSD-assisted psychotherapy. These results last as long
as 16 weeks post-treatment3, and may last at least 12 months after the conclusion of therapy?.
Both studies also investigated secondary outcomes, including measures of depression, and both
found concomitant decreases in depressive symptomology. Measures of quality of life
increased.
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While not included in the formal literature review, 10 additional non-RCTs from the 1960s and
1970s report data supporting the beneficial outcome of LSD-assisted therapy in the treatment
of anxiety, particularly in those with life-threatening illnesses*13,

Unpublished Data

Mind Medicine, Inc. (MindMed) is a biopharmaceutical company developing new treatments
for brain health, researching both LSD and MDMA for a variety of health conditions. The
company recently announced positive results of a completed phase llb trial investigating LSD as
a treatment for generalized anxiety disorder (GAD)*. They also announced that they have
received Breakthrough Therapy Designation from the FDA to continue the research (through
use of their proprietary compound MM120 (lysergide d-tartrate)). The results of this trial are
not published in peer-review literature yet, but will be summarized here.

The trial was a randomized, double-blind, placebo-controlled 12 week trial. A total of 198
participants with GAD were enrolled into one of five groups: placebo, 200 ug, 100 ug, 50 pg, or
25 pug dose of MM120. Each participant received a single administration of MM120 or placebo,
with no psychotherapy intervention. No concurrent use of medication for anxiety allowed by
participants. This study did not use the same anxiety measurement tool as the above-
mentioned RCTs%3, rather they used the Hamilton Anxiety Scale (HAM-A). One single dose of
LSD (based on 100 ug results) resulted in statistically and clinically significant reductions in
anxiety measurements out to week 12. This was true for comorbid depression scores as well. At
the end of the study, 65% of participants showed a reduction in anxiety, and nearly 50% of the
participants showed remission from the condition. A phase lll trial is expected to begin at the
end of 2024.

Comparison of Efficacy, Anxiety Disorders

Anxiety disorders, with or without a life-threatening illness, are typically treated with
psychotherapy, pharmacotherapy, or a combination of the two!>. Because there have been only
two RCTs, meta-analyses have not been published, and so we cannot directly compare the
efficacy of LSD as a treatment for anxiety against current treatments. Imperfect comparisons
using effect sizes from meta-analyses of psychotherapy and/or pharmacotherapy can be used

in the meantime. Effect sizes are a statistical measure of the magnitude of differences between
two populations. Effect sizes are typically considered small if they are 0.2 or less, medium if
they are around 0.5, large if they are 0.8, very large if they are 1.2, and huge if they are 2.0 and
above. Values can be negative, with the magnitude ranges being the same (i.e., the further
away from O, the greater the effect).

A meta-analysis investigating the effects of a range of psychotherapeutic interventions for
generalized anxiety disorder found that the effect size of psychotherapy versus control groups
was large (0.84)%°. The effects on depression were also large (0.71). In this particular meta-
analysis, the authors provided information on the outcomes of the anxiety on the same scales
as used by Gasser et al.2 and Holze et al.3. The effect of psychotherapy on STAI-State
measurements was 0.73, and the effect on STAI-Trait measurements was 0.6416. Both of these
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are considered medium or moderate effect sizes. In the above-mentioned RCTs, the first study
found that the effect size of LSD on the State measure of anxiety was 1.2 and the effect size was
1.1 for the Trait measurement2. The second study found that the effect sizes were -0.75 and -
0.87, respectively3. (The scores were negative due to the order of comparison.)

A separate meta-analysis compared psychotherapy and pharmacotherapies, and the
combination of the two'’. Note though that these results are not specific to the scale used by
the two published studies on LSD. This meta-analysis found that the effect size for individual
cognitive behavioral therapy (CBT), comparing the change between pre- and post-treatment
against a control was 1.30. When statistically combined, all of the different types of evaluated
psychotherapies (which included mindfulness, psychodynamic therapy, etc.) resulted in an
effect size of 1.22. In investigating pharmacotherapies, the study found that the effect size of
selective serotonin reuptake inhibitors (SSRIs) was 2.09, and benzodiazepines had an effect size
of 2.15. The effect size for the combination of psychotherapies and pharmacotherapies was
2.12.

Another meta-analysis investigating both psychological and pharmacological outcomes in the
treatment of generalized anxiety disorder was also evaluated?!®. This study focused on a
different anxiety scale than reported by Gasser et al.? and Holze et al.3. Comparing
psychotherapy against a control condition, the authors found a medium effect size of 0.76
immediately following treatment, which dropped to a low effect size of 0.27 at follow-up time
periods. Medication alone was found to have an effect size of 0.39 post-treatment, with no
follow-up measurements.

Overall, the effect sizes at the conclusion of the trials reported by Gasser et al. (1.2, 1.1)?, Holze
et al. (-0.75, -0.87)3, and MindMed (0.81)** appear to fall within the range of reported effect
size measurements for psychotherapy alone, pharmacotherapy alone, or a combination of the
two, suggesting that the efficacy of LSD as a treatment for anxiety may be comparable to
current standard treatments. However, this can only be used as an approximation, since
presently we are comparing three individual studies, with effect sizes measured at different
time points, against the composite of many studies.

Alcohol Use Disorder

Five RCTs investigating the efficacy of LSD in the treatment of alcohol use disorder (AUD) were
analyzed, all of which were conducted in the late 1960s into the early 1970523, In total, these
studies included a total of 550 participants, 327 of whom were exposed to an experimental
dose of LSD. The doses of LSD employed in these studies ranged anywhere from 300 ug to 800
ug, with one study dosing instead 3 ug of the drug per kilogram of body weight.

The methodology varied widely between the studies. Most, but not all, of these studies
attempted some sort of blinding. Most included a therapeutic component in at least one group
that received LSD, but a corresponding therapeutic component was not always employed
equally in the no-drug condition. Most, but not all, employed a type of control group. These
control groups were not always treated the same as the LSD groups, however. Each study
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followed-up with patients after treatment, ranging from one month to twelve months post-
treatment.

Most of these studies found that all groups, regardless of if they received LSD or not, showed at
least acute improvements when comparing between pre-treatment and post-treatment time
points. However, in the majority of studies, LSD groups did not tend to show substantial or
significant differences when compared directly against control groups. Ultimately, the
conclusions drawn by each of these studies indicated that treatment with LSD provided no
meaningful benefit over other therapeutic modalities in the treatment of alcohol use disorder.

Few adverse effects were reported in these RCTs, but whether that was through lack of
collection or true lack of occurrence is unclear. Those that were reported included occasional
moderate agitation, vomiting, and mild confusion. In one study, patients were given an
antipsychotic medication "as needed," but neither what necessitated that use nor the number
of patients who needed it were reported. One serious adverse event was reported, wherein a
participant experienced a grand mal seizure without injury (this participant had a history of
seizures)?. It should be noted that the overwhelming majority of participants in these studies
were male.

Comparison of Efficacy, Alcohol Use Disorder

Alcohol use disorder is typically treated through the use of pharmacotherapy and/or
psychotherapy. Three commonly-prescribed standard medications include naltrexone,
acamprosate, and disulfiram; psychotherapy is typically CBT?4. One meta-analysis discussing
these same RCTs as above was analyzed and found that, when combined, the data indicated
that LSD treatment resulted in a statistically significant beneficial effect on symptoms of alcohol
use disorder?. This paper also provided a direct comparison of LSD against current treatments
by calculating the pooled benefit difference between each treatment and its control groups
(instead of through effect sizes). The benefit difference is defined as the percentage of
improved patients in the treatment group (in this case the drug) minus the percentage of
improved patients in the control group. A larger number indicates a greater difference between
drug and control outcomes. When investigating the improvement on alcohol misuse, the
benefit difference of LSD was 16%, naltrexone was 11%, and acamprosate was 1%. They were
unable to calculate this number for disulfiram. The authors also investigated each treatment on
maintained abstinence from alcohol and found the benefit difference of LSD was 15%,
naltrexone was 3%, acamprosate was 11%, and disulfiram was 11%. The meta-analysis thus
concluded that LSD treatment was comparable to the effectiveness of daily naltrexone,
acamprosate, or disulfiram in the treatment of AUD. The authors of this meta-analysis did not
compare LSD against psychotherapeutic treatments.

Overall, while the original RCTs concluded that the treatment was not any more beneficial than
any other treatment, these studies were small, and each alone did not hold great statistical
power. When combined in a meta-analysis, it appears as though LSD treatment, with or without
a therapeutic component, may be both efficacious in treating alcohol use disorder and
comparable to current standard pharmacotherapeutic treatments.
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Overall Risks of LSD as a Treatment

Risks in Clinical Trials

In general, the clinically-reported adverse effects of LSD were mild-to-moderate and transient.
From the studies investigating anxiety, common reports were fatigue, headache, nausea,
transient anxiety, illusions, feeling abnormal, and feeling cold®*4. Most of these effects
resolved when the drug treatment wore off. One patient was treated for anxiety with delusions,
and another patient with a comorbid diagnosis of major depressive disorder reported transient
feelings of depression, including suicidal thoughts (but no increase in suicidality) 8 weeks after
the last LSD treatment3. From the trials investigating alcohol use disorder, one individual
experienced a seizure?®. However, this patient had a history of seizures which may have been
associated with alcohol withdrawal.

Physiologically, LSD was shown to significantly increase blood pressure and heart rate during
treatment as compared to the control group?. This is consistent with clinical trials investigating
LSD in healthy individuals?®?7, and special consideration regarding the action of these types of
psychedelic drugs on the heart is included in the guidance document for clinical investigation of
psychedelics developed by the Food and Drug Administration?®. Other adverse effects reported
in these trials involving healthy individuals have included headaches (including migraine), low
mood, restlessness, vivid dreams, and involuntary movement of the lower extremities. These
effects appear to be dose-dependent, with increased doses increasing subjective, physiological,
and adverse effects®.

Some participants in the anxiety-focused RCTs, and investigations of healthy participants,
reported flashbacks lasting anywhere between a day to a week after treatment3C. "Flashback" is
a colloquial term related to hallucinogen-persisting perception disorder. However, a diagnosis
of this disorder requires the flashbacks to cause significant distress or impairment. No
participant in any trial reported flashbacks to be distressing. This diagnosis is reported much
more commonly after LSD use outside of the clinic.

Abuse Potential and Toxicity

Though listed as a Schedule | drug by the Drug Enforcement Agency, research indicates that the
abuse potential of LSD is low. Exposure to the drug does not typically lead to compulsive drug-
seeking behavior, nor does use result in dependence, though there may be instances of
tolerance3!.

One outstanding concept in the evaluation of risks of psychedelic drugs, and particularly LSD, is
the notion of the "bad trip," which is a mentally or physically horrifying drug-taking experience.
No such instances were reported in the clinical literature evaluated here. It has been reported
that these sorts of extremely negative experiences tend to happen more frequently in response
to the recreational consumption of drugs, in settings that are uncontrolled, and/or by those
who are inexperienced with psychedelics®?.
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Most serious adverse reactions to LSD occur when the drug is taken outside of a clinical setting,
and in doses that are much larger than those used in a clinical setting. Overdose by LSD is rare,
but can occur following consumption outside of a controlled environment. The estimated lethal
oral dose for a human may sit somewhere around 100 milligrams, which is significantly higher
than clinical doses. Presently there are only two documented cases where LSD presumably
directly led to a fatality. In both of these cases, the post-mortem analyses indicated that each
individual had ingested incredibly large quantities of LSD3!. Some users of LSD outside of a
clinical environment have reported impairment in color vision®3, and there is at least one report
of an individual with co-morbid migraine who experienced transient cortical blindness following
LSD exposure34,

Finally, there have been only a few observational reports exploring the reproductive
consequences of LSD. It is important to note that the RCTs evaluated in this report each
explicitly excluded individuals who were pregnant. Case reports indicate birth defects in infants
born to mothers who have taken LSD, particularly during the first trimester. This includes ocular
malformations, limb defects, and an elevated rate of spontaneous abortions3>3¢,

Drug-Drug Interactions

Due to the current legal standing of the LSD, formal tests of drug interactions are scarce. Most
understanding about drug-drug interactions comes from case reports, and as such are
anecdotal in nature, though some systematic reviews exist3’. LSD binds to certain serotonin and
dopamine receptors3®, and is metabolized by a number of cytochrome P450 (CYP) enzymes>?;
therefore any drugs that interact with these will likely result in an interaction with LSD.
Antipsychotics, certain antidepressants (e.g., SSRIs, MAQIs), and other agonists of serotonin
receptors, including those that inhibit CYP activity, typically result in a dampening or lessening
of LSD effects—this includes subjective and physiological effects?®40-45,

On the other hand, tricyclic antidepressants increase the effects of LSD. This enhancement also
may occur following chronic lithium use®?. Furthermore, there have been reports of seizures in
response to chronic lithium and concurrent LSD use®®. Finally, reserpine has been shown to
increase and prolong the (negative) effects of LSD, including hallucinations, as well as the
development of tremors*’/8,

Overall Risks of Current Treatments

While generally safe, CBT can result in negative reactions, or side effects, as well as some
adverse or unwanted events. Additionally, inadequate treatment may result in unintended
consequences. A systematic survey of therapists reported at least one side effect from
treatment. Of these, 27% of patients reported negative well-being or distress. In total, 21% of
patients suffered from severe side effects of the treatment (e.g., suicidality, breakups, feeling of
shame/guilt, intensive crying, etc.). These effects were considered persistent in 5% of the
individuals®.

Pharmacotherapy, while frequently used in the treatment of anxiety disorders, also can result
in a number of adverse or side effects. Particularly with SSRIs and SNRIs, there may be an
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increase in anxiety symptoms or jitteriness within the first two weeks of treatment--the latency
for onset of anxiolytic effects is often two to four weeks. Further adverse effects reported
include headache, fatigue, insomnia, nausea, dizziness, changes in appetite, sexual dysfunction,
gastrointestinal effects, and others®'. While approved and often prescribed for anxiety
disorders, benzodiazepines should not be used for long-term treatment. Though the onset of
anxiolytic action is rapid and typically does not result in the same sorts of adverse effects (e.g.,
jitteriness, insomnia), use of the drug may be associated with central nervous system
depression, fatigue, dizziness, increased reaction time, and impaired cognitive functions
(particularly in elderly patients). Long-term treatment may also result in dependency®’.

Pharmacotherapy in the treatment of alcohol use disorder also carries some risk of adverse
effects. Dizziness and headaches are commonly-reported adverse effects in response to
naltrexone>?>4, Gastrointestinal distress, including diarrhea, nausea, vomiting, can occur in
response to both naltrexone and acamprosate®?®, Nausea and vomiting tend to be more
common with naltrexone, while diarrhea appears to be more common with acamprosate>*>°,
Acamprosate may also result in anxiety>3. Adverse effects of disulfiram include headache,
fatigue, sleepiness, and anxiety®’. Furthermore, disulfiram is typically not suggested for use in
individuals with liver or heart diseases, or in those with certain psychiatric disorders®.
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