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use disorder, potentially reversing pain- and opioid-induced neuroadaptations, such as central sensitization. We elaborate on
the multifaceted dimensions of the pain experience (sensory, affective, and cognitive) and their intersections that overlap with
opioid-related phenomena (opioid craving and withdrawal), hypothesizing how these processes can be modulated by psychedelics.
After summarizing the available clinical research, we propose mechanistic insights and methodological considerations for the
design of future translational studies and clinical trials, building on a shared clinical and neurobiological understanding of
chronic pain and OUD. Our intention is to provide timely perspectives that accelerate the development and exploration of novel
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ABSTRACT

The rise of psychedelics in contemporary medicine has sparked interest in their potential therapeutic appli-
cations. While traditionally associated with countercultural movements and recreational use, recent research
has shed light on the potential benefits of psychedelics in various mental health conditions. In this review,
we explore the emerging role of psychedelics in the management of chronic pain and opioid use disorder
(OUD), two critical areas in need of innovative treatment options. Pain control remains a significant clinical
challenge, particularly for individuals with OUD and those who receive long-term opioid therapy (LTOT)
who develop marked tolerance to opioid-induced analgesia. Despite the magnitude of this problem, there is
a scarcity of controlled studies investigating pain management alternatives for these populations. Drawing
from preclinical and human evidence, we highlight the potential of psychedelics to act on shared neurobi-
ological substrates of chronic pain and opioid use disorder, potentially reversing pain- and opioid-induced
neuroadaptations, such as central sensitization. We elaborate on the multifaceted dimensions of the pain
experience (sensory, affective, and cognitive) and their intersections that overlap with opioid-related phenom-
ena (opioid craving and withdrawal), hypothesizing how these processes can be modulated by psychedelics.



After summarizing the available clinical research, we propose mechanistic insights and methodological con-
siderations for the design of future translational studies and clinical trials, building on a shared clinical and
neurobiological understanding of chronic pain and OUD. Our intention is to provide timely perspectives
that accelerate the development and exploration of novel therapeutics for chronic pain and OUD amidst the
escalating opioid crisis.

1. INTRODUCTION

The renewed interest in psychedelics has sparked growing attention to their potential therapeutic appli-
cations, prompting a new wave of modern clinical studies and trials. While traditionally associated with
counterculture movements and recreational use, leading to their scheduling under the Controlled Substances
Act at the start of the 1970s, recent research has shed light on the potential benefits of psychedelics in various
mental health conditions, and more recently, both pain and substance use disorders (SUDs).

The continuing opioid epidemic, which claimed over 100,000 lives in the United States in 2021," is intertwined
with the parallel crisis of chronic pain.? The initial wave of the opioid epidemic stemmed from the excessive
prescription of opioids for chronic pain-related conditions.?* Chronic pain not only serves as a precursor to
possible opioid use disorder (OUD) but is also associated with poorer treatment outcomes for those with
OUD, including sleep disturbances, diminished social functioning, and increased attrition rates from OUD
treatment.>Despite the magnitude of this problem, there is a scarcity of controlled studies investigating
pain management alternatives for those with OUD.” The three medications currently approved for OUD all
exert their therapeutic benefits primarily through the mu-opioid receptor (MOR) and, given their various
adverse effects, ranging from gastrointestinal and immune (e.g., methadone and buprenorphine) to hepatic
(e.g., extended-release intramuscular naltrexone), there exists a great need for medications that work outside
of this system.® Collectively, the challenges posed by opioid analgesic tolerance® and the escalation of the
opioid epidemic, due to the widespread availability of fentanyl derivatives, further emphasize the urgency to
explore novel, non-opioid therapeutics for pain and OUD.

The serotonergic psychedelics, or the “classic” psychedelics, are a class of compounds that exert their
psychedelic effects primarily at the serotonin 2A (5-HT2A) receptors.!® Common examples of seroton-
ergic psychedelics include lysergic acid (LSD), psilocybin, ibogaine, noribogaine, ayahuasca, and N, N-
dimethyltryptamine (DMT), which have been used in clinical trials investigating their utility independently
for both pain and OUD since the 1960s.!1-3 Psilocybin, one of the most studied serotonergic psychedelics
in modern trials, has shown efficacy in the treatment of other SUDs, such as alcohol use disorder (AUD)
and tobacco use disorder.'®The potential efficacy of psilocybin for chronic pain in people receiving long-term
opioid treatment (LTOT) is being tested in ongoing clinical trials.

This review will summarize the available data on the use of serotonergic psychedelics for the treatment
of chronic pain and OUD. This review complements prior reviews on psychedelics 620 by presenting a
synthesis of the mechanisms for how this class of compounds could be useful to treat OUD and chronic
pain independently, as well as when these conditions co-occur. In addition, we propose mechanistic and
methodological insights for future research needs, including trial design considerations in this area.

PSYCHEDELICS’ GENERAL MECHANISM OF ACTION

Serotonergic psychedelics are either full or partial agonists at the 5-HT2A receptor. Psychedelics can also
be classified based on their chemical structure.?! The tryptamines, such as psilocybin, ayahuasca and DMT,
contain an indole ring structure and are structurally similar to the neurotransmitter serotonin. The ergolines,
such as LSD, contain the ergoline ring system and are derived from ergot fungi. Others, such as ibogaine
and noribogaine, produce altered states of consciousness through serotonergic and other mechanisms.?!

Preclinical studies using the head-twitch model in rodents, a behavior specifically mediated by 5-HT2A
receptor agonism,??have shown that many psychedelics, such as LSD and psilocybin, reliably induce head-
twitch responses,?®24 thus providing evidence that psychedelics have serotonergic activity. By this mech-
anism these compounds are known to induce profound alterations in perception, cognition, and emotion.



Additionally, psychedelics appear to promote neuroplasticity?® and facilitate changes in neural connectiv-
ity, potentially underpinning their therapeutic effects. Elucidating the complex mechanisms underlying the
efficacy of psychedelics can inform the optimization of psychedelic therapies for both OUD and chronic pain.

3. PSYCHEDELICS’ANALGESIC MECHANISMS

Pain perception is a complex phenomenon involving somatosensory, cognitive, and affective components.?S
Serotonergic signaling has been implicated in the peripheral and central mechanisms of nociceptive trans-
mission and modulation in both acute and chronic pain states.?” Convergent preclinical and human findings
support and strengthen the involvement of the 5-HT2A receptor in musculoskeletal pain perception, with
relevance for clinical pain conditions. In addition, human studies have provided evidence for the involve-
ment of 5-HT2A receptor in pain perception and processing. Associations have been found between the
T102C polymorphism of the 5-HT2A receptor gene and fibromyalgia, and other genetic variations in 5-
HT2A polymorphisms have been associated with chronic widespread pain.?®2 Psychedelics, through these
serotonergic and other properties, hold promise as novel analgesics by modulating multiple dimensions of
the pain experience.

3.1 Modulation of bottom-up nociception

The somatosensory dimension of pain encompasses its intensity, quality, and spatial characteristics.?® Mecha-
nistic studies have demonstrated that 5-HT2A receptors are involved in the nociceptive transmission through
the spinal cord®' and that their activation can inhibit the descending nociceptive transmission in states of
chronic and neuropathic pain.?”3233 5-HT2A receptors are expressed in neurons in the dorsal root ganglia
(DRG), nodule-like structures found on the posterior root of each spinal nerve, among other locations, which
contain the cell bodies or afferent sensory neurons carrying pain signals back to the central nervous system
(CNS). Therefore, the DRG are critical structures responsible for central pain sensitization, a mechanism by
which the CNS becomes sensitized to nociceptive stimuli, promoting the maintenance of chronic pain states.
Some of the analgesic properties of psilocybin, for instance, are believed to be mediated by downregulation
of 5-HT2A receptor in the DRG.3435 This downregulation may counteract central pain sensitization.

3.2 Anti-inflammatory properties

Besides neural transmission, inflammation is another key mechanism involved in the pain experience. Chronic
inflammation drives pain by sensitizing peripheral nociceptors.?¢ This inflammatory process involves various
mediators that can initiate and perpetuate chronic pain states.?¢ Serotonergic agonism from psychedelics
has the potential to inhibit inflammatory signaling mediated by TNF-alpha, NF-kB, and inflammatory
cytokines.?”3® This is thought to occur through activation of 5-HT2A receptors on immune cells. Hence, by
suppressing key inflammatory mediators, these anti-inflammatory properties of psychedelics may also reduce
inflammatory pain.

3.3 Neuroplastic effects

In addition to affecting the sensory and inflammatory aspects of pain, psychedelics may also influence chronic
pain through their ability to promote neuroplasticity.?® Neuroplasticity is the brain’s ability to reorganize
neural pathways and forge new connections.?® Neuroimaging studies have revealed that chronic pain condi-
tions such as chronic low back pain, complex regional pain syndrome, and osteoarthritis are all associated
with altered functional connectivity between spatially distinct brain regions.?®*3 For example, functional
MRI (fMRI) studies have demonstrated that chronic low back pain is associated with a reorganization of
functional connectivity between sensory, cognitive, and limbic areas (e.g., nucleus accumbens and the pre-
frontal cortex [PFC]). It is also associated with a disruption of the default mode network (DMN) — a system
of connected brain areas that show increased activity when the individual is passively resting and mind-
wandering. These connectivity changes likely reflect maladaptive plasticity and reorganization of functional
brain circuits due to persistent pain signaling.*®**! By stimulating neural plasticity and regrowth of connec-
tions between brain cells,** psychedelics could potentially counteract these observed connectivity alterations
and remodel the disrupted networks involved in pain. As a result, psychedelics could temporarily disrupt



these patterns of brain activity, providing a window for rewiring neural connections and restoring more opti-
mal network functioning. This could potentially disentangle the clustering of sensory, cognitive, and affective
components of pain, enabling a transformed understanding of the pain experience.

Relatedly, these compounds have been theorized to be linked with changes in entropy and complexity in
brain dynamics,*>“5leading to changes that may be helpful in breaking out of rigid cognitive and behavioral
patterns. By disrupting these patterns, psychedelics may facilitate the adoption of more adaptive pain-related
beliefs, thought processes, and actions.

3.4 Impact on negatively valenced emotional states related to the pain experience

Both opioid use and chronic pain can disrupt pain modulatory systems, altering not only nociception, the
process of encoding noxious stimuli, but also the affective component of pain, which can culminate in pain
catastrophizing. This maladaptive state of unrelenting pain is characterized by magnification (heightening
the threat value of pain-related stimuli), helplessness (lack of control over pain), and rumination (having a
reduced ability to divert one’s focus away from pain-related emotions).

Beyond their impact on neural pathways, psychedelics could also influence the affective and psychological
experience of pain, encompassing the feelings of unpleasantness, distress, suffering, and reactions to the
long-term implications of living with chronic pain.*” The anterior cingulate cortex (ACC) is a crucial area in
processing the emotional and affective aspects of pain.2%4® Psychedelics may modulate these affective aspects
by altering activities in the ACC. Studies using task-free fMRI found that psilocybin reduces cerebral blood
flow in the ACC, which was associated with the intensity of subjective effects of psilocybin.*® As a result, it
is possible that psychedelics might also have the potential to lessen these negative emotions associated with
pain. This is supported by evidence suggesting that psilocybin may mitigate similar affective phenomena,
such as depressive rumination and obsessive thinking,’® which can resemble the fear of movement seen in
chronic pain. Given that depressive and anxiety disorders often co-occur with chronic pain,®' psychedelics
may provide a more comprehensive treatment strategy by targeting these affective aspects, which can often
be equally hard to discern and equally debilitating for these patients.

3.6 Cognitive and psychosocial effects

Pain also involves cognitive and behavioral processes such as attention, memory, and evaluation.’? Psycho-
logical factors, such as coping strategies, significantly influence the overall experience of pain.®® In patients
with chronic low back pain, fear of movement, or kinesiophobia , is associated with increased activity in
brain regions related to emotion and fear.>* Higher levels of pain intensity can also lead these patients to
engage in more perseverative thinking, such as worry and rumination, as they try to mentally problem-solve
their pain.®® In patients with chronic pain, these negative metacognitive beliefs are associated with higher
emotional distress and lower mood.?® Psychedelics may have the potential to facilitate changes in some of
these harmful cognitive patterns by loosening rigid mindsets like functional fixedness, and by allowing greater
problem-solving ability.?” Additionally, psychedelics can induce a profound shift in consciousness, known as
ego dissolution, with increased emotional sensitivity®®that could facilitate changes in maladaptive cognitions
and emotions related to pain. This may facilitate the revaluation of maladaptive beliefs and attitudes to-
wards pain, potentially promoting confidence in one’s ability to perform tasks despite pain (i.e., self-efficacy).
Additionally, it has been suggested that psychedelics may impact automatic cognitive phenomena such as
attentional bias — a process in which attention is preferentially captured by pain and its cues. It is also worth
noting that abnormal attentional bias for pain and opioid cues have been respectively identified among those
with chronic pain and OUD??:%; and attentional bias for both cues are potentially modifiable in individuals
with chronic pain and OUD receiving methadone or buprenorphine.©?

In addition to altering pain-related cognitions, psychedelics have been found to increase positive mood, feel-
ings of social connectedness and interpersonal closeness.5?%% A recent meta-analysis revealed a significant
inverse association between positive mood and pain intensity in individuals with chronic pain.%® Additionally,
enhanced social functioning associated with psychedelics could potentially improve interpersonal interactions
despite experiencing pain, and strengthen social support by improving openness and communication. To-



gether, these social and relational changes have the potential to improve coping and readjust maladaptive
pain-related thoughts and behaviors.

In summary, psychedelics have the potential to improve pain management through their multidimensional
impact on sensory transmission, inflammation, neuroplasticity, affect, anxiety, cognitive patterns, and be-
haviors. Although these findings are promising, further research is needed to comprehensively understand
the various mechanisms by which psychedelics may alleviate distinct forms of chronic pain. Elucidating these
mechanisms can further inform the development of interventions that leverage these pharmacological and
psychological effects to reduce the suffering of patients with chronic pain (Figure 1 ).

4. CLINICAL APPLICATIONS OF PSYCHEDELICS FOR PAIN: CURRENT KNOWL-
EDGE

Early research beginning in the 1950s was focused on ways in which psychedelics could be used as an ad-
junctive to facilitate engagement in psychotherapeutic interventions. Regulatory restrictions on psychedelics
in the early 1970s halted research. For chronic pain treatment, psychedelics have mainly been investigated
in palliative care, cancer-related pain, headaches, and phantom limb pain.

4.1. Lysergic Acid Diethylamide (LSD)

Lysergic acid diethylamide (LSD) is a non-exclusive 5-HT receptor agonist that has been investigated for
its potential analgesic properties. It also interacts with certain dopaminergic and adrenergic receptors.56
Threshold dosages for psychedelic effects are as low as 20-30ug, although recreational dosages can range from
50-200p.g.5¢ LSD has a prolonged action, with effects that can persist for six to nine hours after ingestion.5
Some of the putative analgesic mechanisms for LSD originate from both its general pharmacological ac-
tion and its psychological effects: (1) anti-inflammatory action, for instance through inhibition of tumor
necrosis factor (TNF) production®”; (2) activation of inhibitory serotonergic descending pathways, inhibit-
ing central sensitization®’; and (3) modulation of emotional aspects of pain, potentially through alterations

in consciousness, and/or the “psychedelic experience” .58

Studies from the 1960s had suggested some evidence that LSD could attenuate pain in various conditions,
including chronic pain syndromes and terminal illness. An early double-blinded trial including patients with
multiple chronic pain conditions compared the analgesic action of two opioids, dihydromorphine (2 mg) and
meperidine (100 mg), with an open-label arm in which participants received 100ug of LSD.!® The study
demonstrated that LSD had a more prolonged and effective analgesic potential, despite a slower onset of
action. However, despite pain relief, patients were more likely to refuse the second administration of LSD,
suggesting that its analgesic properties were accompanied by a lack of tolerability. This clinical trial was not
only the first to explore the role of LSD for pain treatment, but through comments regarding “psychic work”
and participants’ “distraction from pain”, it also hinted at early insights that pain is a multidimensional
experience encompassing both biological and psychological components.

Recent studies, albeit limited, have reignited interest in the analgesic potential of LSD.%° In 2021, a random-
ized, placebo-controlled, crossover human laboratory study administered low doses of LSD (5, 10, and 20 pg)
and showed an increase in pain tolerance and reduction in pain unpleasantness, using the Cold Pressor Test
(CPT), a well-established laboratory model of pain.%” This study provided evidence that sub-hallucinogenic
doses of LSD may produce analgesia in humans.

Preliminary evidence suggests that LSD may alleviate pain and improve the overall well-being of individuals
suffering from chronic pain. Other areas of research interest include palliative care and cancer-related pain,
headaches (including migraines and cluster headaches), and phantom limb pain.

4.1.1 Palliative care and cancer-related pain

Early reports of the use of LSD to mitigate cancer-related pain include examinations of a single dose of LSD
in patients with various forms of metastatic cancers.'®> Among the 128 participants included in this study, a
fraction had various forms of metastatic cancer (i.e., breast, cervical, lung, larynx, and pancreatic cancer).



A single 100pg dosage of LSD, administered orally, improved pain for up to two weeks, as measured by the
numerical rating scale. No sensitivity analyses were reported for the participants with cancer pain.

Suggested mechanisms included “LSD produces an inability to maintain selective attention “, hinting at
what is also called attentional bias. This effect was proposed as a psychological mechanism to explain the
reduction of participants’ concerns for pain, suffering, and death. They noted that “participants displayed a
particular disregard for the gravity of their situation and talked freely about their impending death”. Later
studies published throughout this early period mostly replicated these early findings and emphasized the
importance of “distracting patients from their pain” and reaching the “psychedelic experience” to achieve the
best results.”®”" Modern trials of LSD in those with palliative cancer states have continued, with a focus on
mood, anxiety, and quality of life (QoL) outcomes. While few details have been specifically reported on the
measurement of pain or the use pain as a primary outcomes measure, these studies provide the foundation
on which to further study the unique biological, analgesic, and psychological effects, in the setting of cancer-
related pain.

4.1.2 Headaches

The research investigating the analgesic potential of LSD in headaches has centered around both cluster-
type headaches (CH) and migraine headaches. Both conditions are generally chronic but episodic in nature,
making it important to distinguish between the specific use of medications in their treatment, namely, the
use of medications forprophylaxis or for acute abortive treatment. Interestingly, medications commonly
used to abort these types of headaches (many from the ergotamine and triptan families), partially share
LSD’s (a lysergamide) mechanism of action as 5-HT receptor modulators. The theoretical underpinnings
of serotonin and possible role of LSD and its analogs can play in the role of these types of headaches have
been considered since at least the 1960s. The use of non-hallucinogenic LSD-analogs and other lysergamides
have been studied and used in the treatment of many of these headache disorders.”® ™ Despite mechanistic
plausibility, there have been no randomized clinical trials for LSD and migraines. Other clinical studies
investigating three single doses of an LSD derivate (BOL-148, at a dose of 30 pg/kg/body weight) safely
improved CH cycles or significantly improved frequency /intensity of episodes in four out of five patients.™
Other qualitative studies with patients self-medicating with LSD reported prophylactic and acute abortive
benefits.”* Another preliminary study suggests that micro-dosing, or using sub-hallucinogenic dosages, of
LSD may also be beneficial to prevent headache episodes.” In summary, the use of LSD for headaches holds
promise as a therapeutic option, but research in the area is still in early stages.

Interviews with 53 patients living with CH who were using psilocybin or LSD without medical supervision
to treat the condition, have found that seven of the eight participants who used LSD reported termination
of cluster periods, and four of those reported that the substance significantly prolonged their periods of
remission. "%Online survey studies including 496 participants from a specific CH support group suggested
that a single dose of LSD could prevent attacks, shorten, or even abort cluster episodes, or induce remission.””
Several participants reported using small, sub-hallucinogenic doses, suggesting that a psychedelic experience
may not be an essential component of therapeutic efficacy.

4.1.8 Phantom Limb Pain

Phantom limb pain (PLB) is a painful experience interpreted by patients after a limb amputation with few
viable treatment options.”® The causes of PLB are currently unclear, but it is hypothesized to result from
the disruption of ascending and descending pain pathways that reorganize improperly, leading to an ongoing
misinterpreted pain perception. LSD has been previously suggested as a possible treatment for PLB. Small
case series demonstrated that intravenous infusion or bolus injection of LSD (10 ng/mL at 0.5 ml/min) was
“curative” in two patients, “partially helpful” in three, and “ineffective” in two (although measurement and
definition of benefit were not systematically described).” An additional study found significant benefits of
LSD for PLB, with sustained self-reported pain reduction in seven out of eight participants.2°

4.2. Psilocybin



4.2.1. Palliative care and cancer-related pain

In a randomized, double-blind, cross-over trial of very low (placebo-like) dose (1 or 3 mg/70 kg) vs. high dose
(22 or 30 mg/70 kg) psilocybin that the substance is indeed able to increase well-being and life satisfaction
among patients with cancer.®! Unfortunately, this study did not include pain as an outcome, but mechanistic
plausibility remains. Furthermore, psilocybin has been explored in the context of end-of-life care, where it
may alleviate psychological distress associated with dying, enhance existential well-being and improve the
quality of life.3!

4.2.2. Headaches

Psilocybin has also been suggested to produce significant reductions in pain intensity and unpleasantness in
patients with cluster headaches.” In survey studies, 22 of 26 patients taking psilocybin for cluster headaches
reported that the substance was able to abort their crisis. Further, 18 participants reported an extension
of remission periods after a single dose of psylocibin. The effectiveness of psilocybin for cluster headache
in qualitative studies has reported that psilocybin is “perceived by participants to shorten/abort a cluster

period and bring chronic cluster headache into remission more so than conventional medications”.””

An exploratory double-blind, placebo-controlled, cross-over study investigated psilocybin for migraines. Ten
adults with migraine received oral inactive placebo and psilocybin (0.143 mg/kg) in two test sessions spaced
two weeks apart. Participants were closely tracked with headache diaries. Over the two weeks after a single
dose administration, psilocybin was significantly more effective than placebo in reducing the frequency of
migraines.?2 Overall, the research considering psilocybin and pain seems to progress alongside LSD studies;
results are promising, yet in their early stages.

4.2.8. Chronic pain and LTOT

One planned eight-week open-label non-randomized study with a six-month follow of those with chronic pain
on LTOT is ongoing. This study will investigate the effect of psilocybin and psilocybin-assisted therapy in
one of two dosing sessions (25mg and 37.5mg) with the first occurring during the period of opioid tapering.
[INCT05585229].83

4.3. Ayahuasca

Ayahuasca is a psychoactive substance, usually ingested as a beverage, decocted from Banisteriopsis caapi
and Psychotria viridisplants. They are rich in DMT, a partial 5-HT serotonergic receptor agonist and have
direct monoamine-oxidase A (MAO-A) inhibiting properties. Through both mechanisms, ayahuasca has
psychedelic effects.®* Ayahuasca has been historically and culturally used by those in several countries in
Central and South America, however, it has recently been more widely used, particularly in religious and
spiritual contexts.®°

So far, no studies have investigated the role of ayahuasca in the management of pain as a primary out-
come. One recent study included the Medical Outcomes Study 36-Item Short-Form (SF-36) as a secondary
measurement including a subcomponent rating of participant’s bodily pain.®¢ In this report, the authors
conducted two observational sub-studies: (1) one with first-time ayahuasca users (n = 40), and (2) adding
a comparison group of long-term ayahuasca users (n = 23). Reported improvements in depression rates
for first-time ayahuasca users and lower depression scores among long-term ayahuasca users were found.
However, there were no significant changes in bodily pain for first-time ayahuasca users. In a similar study
with 23 first-time ayahuasca users showed similar findings but with significant reductions in the bodily pain
component of the SF-36 for a subgroup of participants (n = 8).87 Despite the mechanistic plausibility of
ayahuasca for pain treatment given its serotonergic and other relevant mechanisms of action, the literature
on the topic is underdeveloped and the little available evidence is conflicting.

4.4. Ibogaine and Noribogaine

Ibogaine is an alkaloid substance obtained from the root bark of the shrub Tabernanthe iboga, endemic
to Western African regions.®® It has been historically used by indigenous communities in West Africa for



religious ceremonies, and also to treat fatigue.® Its ceremonial use is due to itsoneirophrenic properties,
which means it can invoke dream-like states without loss of consciousness.®® While preclinical studies of
ibogaine and noribogaine have suggested that both ibogaine and noribogaine dose-dependently increase the
antinociceptive properties of morphine, making it a potential opioid-sparing strategy in pain management,
no human laboratory clinical trials have investigated the use of ibogaine for pain.

Convergent preclinical models have suggested that ibogaine could be used as a modulator of morphine
antinociception.?%%9Co-administration of ibogaine in various doses (1-40mg/kg) and morphine (4 mg/kg)
increased morphine-induced antinociception in a dose-dependent manner for rats in a heat-pain paradigm.
Further, the administration of 40mg/kg of noribogaine, the primary metabolite of ibogaine, resulted in similar
effects. Ibogaine enhances the pain-relieving effects of morphine in mice. After making all mice tolerant to
morphine, researchers compared two groups: one given morphine alone and the other with morphine and
varying doses of ibogaine or noribogaine. Both ibogaine and noribogaine were found to increase morphine’s
antinociception effects. To our knowledge, no studies have investigated whether patients receiving morphine
could have analgesic effects maximized by ibogaine, thus reducing the total opioid requirement to alleviate
pain.

5. CLINICAL APPLICATIONS OF PSYCHEDELICS FOR OPIOID USE DISORDER: CUR-
RENT KNOWLEDGE

Most research on classic psychedelics’ therapeutic effects on OUD has focused on opioid withdrawal. Other
benefits like reduced opioid use from pain relief are less studied. Although these psychedelics are seen as
having low abuse potential, their addiction risk in this group awaits thorough evaluation.

5.1. LSD

There are two studies from the early phase of psychedelic research that investigate the use of LSD in people
with OUD. The first study, conducted in 1965, was an open-label controlled trial that included 70 patients
with OUD, who had recently been hospitalized for treatment of opioid withdrawal.'? The study found that
orally administered LSD (at doses of 2ug/kg) was generally well tolerated with no participants requiring
medications to counteract adverse effects, with only three participants reporting worsening of psychiatric
symptoms. The study did not collect data on traditional OUD outcomes, pain, or functioning. The second
study, conducted in 1973, was a randomized controlled trial that included 74 participants with OUD at a
residential reentry program.!! Participants were randomized to either a treatment (LSD 300ug-450ug) or
control arm. The treatment arm consisted of living in a halfway house from four to six weeks and undergoing
24 hours of preparatory therapy over five weeks and one week of integration therapy post-LSD. At 12 months,
9/36 (25%) of treatment arm participants remained abstinent, compared to 2/37 (5%) of the participants
the control group. There were no statistically significant group differences on changes in overall functioning.
The authors report that 12 of the 13 of participants who had a “psychedelic peak experience” (using an
unnamed questionnaire) appeared more likely to have higher “community adjustment scores” at 12 months.
The design of this study makes it difficult to interpret the findings, as there was no control for the impact of
the residential treatment component in the treatment arm. There are currently no registered studies planned
investigating LSD for OUD or for those on LTOT.

5.2. Psilocybin

Psilocybin has been minimally studied in those with OUD, even though it is one of the most commonly inves-
tigated psychedelics in contemporary trials for psychiatric disorders.”? Although there are limited preclinical
investigations of psilocybin in animal models of opioid addiction, it has shown efficacy in the treatment of
AUD™ and tobacco use disorder'® in modern trials. Other evidence has shown that in large samples of
naturalistic use, the classic serotonergic psychedelics as a group have been shown to be associated with 27%
reduced risk of past-year opioid dependence and 55% reduced risk of daily illicit opioid use.??3 When this
relationship is assessed individually, there is some suggestion that lifetime psilocybin use may be associated
with a 30% reduced odds of a past-year OUD diagnosis.?*



There are several planned or ongoing registered studies examining the safety and efficacy of psilocybin in those
with either OUD or who receive LTOT for chronic pain. One registered study plans an eight-week double-
blind, controlled intervention of hallucinogenic psilocybin (30mg) versus a blinding dose of psilocybin (1mg),
following an inpatient buprenorphine-naloxone induction for OUD [NCT06005662].%° Primary outcomes
include opioid abstinence (timeline follow-back [TLFB]?® and urine toxicology), treatment retention, and
reduction in days using opioids (self-report and urine toxicology). Secondary measures include quality of
life (World Health Organization Quality of Life-BREF [WHOQOL-BREF]), depression (Beck Depression
Inventory II [BDII]), anxiety (State-Trait Anxiety Inventory [STAI]), and abstinence from other non-opioid
substance use (TLFB).

A Phase 1 study investigating the safety of psilocybin in persons with OUD who were recently stabilized
on buprenorphine-naloxone is also currently underway [NCT04161066].°7 This study aims to address two
important questions; how psilocybin may impact the effectiveness of medications for OUD (MOUD) and
how concurrent MOUD may affect psilocybin therapy. Assessments include safety and adverse events as well
as opioid craving (opioid craving scale [OCS]) and opioid use (TLFB).

A planned randomized double-blind placebo-controlled study of those with OUD engaged in methadone
treatment who are concurrently using other illicit opioids seeks to investigate primary outcomes of changes
in non-medical opioid use (by self-report and urine toxicology) as well as quality of life (WHOQOL-BREF)
[INCT05242029].98 This study has two planned dosing sessions (at 40mg) with further randomization of the
treatment group at the second dosing session to investigate the impact of two doses. Importantly, secondary
outcomes include assessment of chronic pain, as well as measures of non-opioid substance use, mood, and
sleep, which may help to further our understanding of psilocybin’s utility as a treatment of co-occurring
OUD and chronic pain.

5.3 Ayahuasca

There is one observational study investigating the effects of ayahuasca on substance misuse and psycholog-
ical functioning in 12 participants with no specific psychiatric or SUD.?® The intervention was a four-day
retreat including two “ayahuasca ceremonies” (50-100mL of ayahuasca) and various addiction-related psy-
chosocial intervention groups. As a major limitation, the diagnosis regarding opioid use (i.e., whether or
not participants had OUD) entering the study was not reported; however, it is noted that some participants
were receiving methadone treatment. The primary substance use measure was the Four-Week Substance
Use Scale (4WSUS). Scores reportedly decreased for all substances except for cannabis; however, data on
primary opioid use was not clearly reported. There was no observed difference in opioid use among partic-
ipants when comparing the proportion who had used opioids at the baseline and the six-month follow-up.
However, results showed statistically significant improvements in multiple psychological measures, including
mindfulness, empowerment, hopefulness, quality of life-meaning, and quality of life outlook across the whole
group — which is generally consistent with prior research on ayahuasca.'®® Other studies on ayahuasca have
also suggested its effects on decreasing substance use and potentially mitigating other negative psychoso-
cial effects of drug use, which may deserve future attention.!! These themes also appear in qualitative
work in those using ayahuasca for addiction-related issues in indigenous communities among whom SUD is
prevalent.'%2 At this time, however, there are no currently registered ayahuasca trials for OUD or opioid
dependence.

5.4. Ibogaine and Noribogaine

The studies investigating the use of ibogaine and noribogaine for OUD and opioid withdrawal represents one
of the larger collections of clinical studies of a psychedelic for these conditions. There is a large preclinical
foundation exploring ibogaine and noribogaine in addiction paradigms and for opioid withdrawal.'?3

5.4.1. Ibogaine for OUD

An open-label study of 27 treatment-seeking participants with OUD and/or cocaine use disorder received
a fixed-dose of either 500, 600, or 800 mg ibogaine HCI in a 12-day inpatient setting showed statistically
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significant reductions in various subscales of the Heroin Craving Questionnaire (HCQN-29) by the time of
discharge.!®*An open-label study of 14 participants with OUD who took ibogaine-HCI (10 mg/kg orally)
showed temporary QTc prolongation on an electrocardiogram (EKG)—a condition that may elevate the risk
of irregular heart rhythm and sudden death—and other side effects, including ataxia.'®® Both studies are
limited by their small size, lack of blinding, and short duration/limited follow-up.

Other case series exist of patients who received treatments in countries where prescription ibogaine is legal.
These studies reported reductions in Addiction Severity Index-Lite (ASI-Lite), and Subjective Opioid With-
drawal Scale (SOWS) up to one year post-treatment, with some suggestion of decreased family/social status
problems.!% Notable are the serious safety concerns raised within this study concerning a patient that died
for which the cause was attributed to cardiac arrythmias post-ibogaine use. Another series of participants
surveyed post-ibogaine treatment provide some indication suggesting that despite return to use in a large
proportion of the sample one to two years after ibogaine exposure, there was some indication of decreased
opioid use, improvements in mood and anxiety effects, and other improvements in psychosocial measures.'%7
Other retrospective, observational and case series provide additional data concerning dosing and the effect
of ibogaine on withdrawal and other addiction outcomes.98:109

There are two currently registered clinical trials investigating the use of ibogaine for OUD. One is a Phase
2 RCT including patients with OUD who receive methadone treatment who will be administered ascending
doses of ibogaine for opioid withdrawal [NCT04003948].11% The other is a Phase 1/2a dosing study of healthy
volunteers followed by a randomized, double-blind, placebo-controlled study in patients seeking medically
supervised opioid withdrawal treatment [NCT05029401].11!

5.4.2. Noribogaine for OUD

Following an earlier Phase 1 study in healthy volunteers,'!? a double-blind placebo-controlled study was
conducted in 27 patients receiving methadone treatment who were administered ascending doses (60,
120, and 240 mg) of noribogaine. The study investigated its effect on opioid withdrawal, safety, and
pharmacokinetics.!*? There no statistically significant differences in opioid withdrawal symptoms (assessed
using the Subjective Opioid Withdrawal Scale [SOWS], Objective Opioid Withdrawal Scale [OOWS], and
Clinical Opioid Withdrawal Scale [COWS]). Additionally, there was no difference in time to restart opioid
treatment. Conversely, noribogaine produced statistically significant dose- and concentration-dependent in-
creases of QTc interval on the ECG, although no cardiac events were noted. To our knowledge, there are no
currently registered trials for OUD involving noribogaine administration.

DISCUSSION

In this review, we have summarized mechanistic and clinical findings regarding the potential of serotonergic
psychedelics to treat both chronic pain and OUD. As the opioid epidemic persists, it is imperative that future
research be directed toward this intersection, employing rigorous methodologies to uncover the nuanced
possible effects of psychedelics on chronic pain and OUD. This concerted effort is pivotal in advancing
evidence-based treatments and ultimately alleviating the burden of chronic pain, while minimizing reliance
on traditional opioid-based approaches, especially among persons with OUD. Overall, convergent evidence
studies provide early clinical and translational support for the use of serotonergic psychedelics for chronic pain
and OUD, offering insights into their neurobiological effects, and suggesting avenues for future mechanistic
research and clinical trials.

The available literature regarding the role of psychedelics for pain management is nascent but promising.
Despite the nuanced needs of each type of chronic pain, such as migraines or chronic low back pain, there
seems to be some common ground upon which psychedelics can exert their analgesic effects. In short,
psychedelics may have the potential to alleviate pain not only through direct biological and pharmacological
mechanisms (e.g., anti-inflammatory properties and reduction of central sensitization), but also through
cognitive and psychological pathways (e.g., through reducing attentional bias for pain and opioid cues;
counteracting fear avoidance; improving mood; and alleviating pain catastrophizing).!3
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However, there are also key differences between these clinical populations that warrant considerations. Many
chronic pain conditions for which psychedelic treatment have been promising for, such as migraines,'!*
typically do not involve high opioid use rates. For other conditions, such as cancer-related pain and palliative
pain, high doses of opioids are the norm.''®Ultimately, different pain conditions have nuanced, variable
factors that may impact their response to psychedelics and each one of them will require tailored protocols
and monitoring procedures. While preliminary findings are promising for certain pain syndromes, more
research is still needed to establish safety, effective dosing, and ideal administration settings across diverse
chronic pain populations with varying clinical and psychosocial backgrounds.

As future clinical directions, we hypothesize that psychedelics may play a role in alleviating the burden of
primarily through distinct mechanisms, as a function of the type of chronic pain and severity of opioid use at
baseline. First, by alleviating episodes of acute pain, the need for high-potency analgesics such as opioids may
be spared, thereby reducing the risks associated with opioids, including the potential for the development of
OUD. Second, by alleviating multiple aspects of the pain experience and subjectively increasing well-being,
psychedelics may have the potential to be used as co-adjuvants of a long-standing treatment for different
forms of chronic pain, increasing analgesic effectiveness and potentially serving as an opioid-sparing strategy
that reduces opioid-related adverse effects.

There is limited reporting across the psychedelic trials for OUD about concurrent MOUD or other treatments
participants were receiving. Furthermore, the potential effects of psychedelics on different phases of OUD
— ranging from current/active opioid use to acute withdrawal and later stages or recovery/maintenance —
remain a critical area of inquiry, necessitating longitudinal studies to examine the full spectrum of therapeutic
implications. Gaps exists about the possible effects of psychedelics in the role of psychosocial changes and
changes in other recovery or harm reduction behaviors during the acute/longer term recovery phase in OUD.
In addition, there is little data concerning the co-occurrence of chronic pain or changes in pain perception,
despite the high rates of chronic pain in OUD.!'® The dearth of comprehensive research underscores a
significant gap in the literature, leaving researchers with an incomplete understanding of the potential risks
and benefits at this juncture.

Despite burgeoning interest in the therapeutic potential of psychedelics for both chronic pain and SUDs,
studies that specifically address these conditions in tandem are scarce. In Figure 2 , we propose various
mechanisms of actions of psychedelics across the commonly discussed neurocircuitry of both addiction and its
overlap with chronic pain. The biological, social, and psychological potential of these substances to influence
these various neurobiological substrates with corresponding outcomes that can be assessed are described.
The promising analgesic effects of classic psychedelics, the growing evidence for their utility in multiple SUDs
and specifically in OUD, as well as their impact on clinical phenomena that are relevant for both chronic
pain and addiction behaviors, suggest their potential as adjuncts or alternatives to traditional opioid agonist
for both chronic pain and OUD.

Trial design considerations in psychedelic trials for those with pain and/or OUD

Here we lay out suggestions for future investigations and continued optimization for safety and trial design
for patients with chronic pain, OUD, and/or those receiving LTOT. The goals of some of these suggestions
are to optimize pain and OUD measures for trials that assess outcomes for either or both of these conditions.
Specific recommendations regarding psychedelic clinical investigations were addressed in recent draft Food
and Drug Administration (FDA) guidance documents and recent guidelines.!'” Kiluk and colleagues also
reviewed clinical trial design challenges and opportunities for emerging treatments in OUD. 8119 Addressing
the existing methodological limitations is imperative for improved study design and a better understanding
of the various possible uses for psychedelic medications for chronic pain and OUD, conditions with limited
treatment options.

6.1.1. Choice of pain- and opioid-related outcomes

A careful selection of pain- and opioid-related outcomes is necessary to provide clinically relevant evidence.
As discussed in this review, the pain experience is multifaceted, composed of sensory, affective, and cognitive
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components. Therefore, a combination of mechanistic human laboratory studies and clinical trials broadly
examining various components of the pain experience is warranted to understand the analgesic effects of
psychedelics. Early analgesic signals may be identified using a combination of laboratory pain techniques,
such as quantitative sensory testing (QST),'?° a psychophysical tool to reliably assess analgesia and pain
modulation'?!; along with psychological constructs assessing cognitive-affective components of pain (i.e.,
pain attentional bias, pain catastrophizing, self-efficacy, and fear avoidance).122 Quantifiable outcomes will
be key to assessing pain-related functioning. These include measures of physical functioning and activity
(e.g., pedometer count). The specific choice of pain-related outcomes can be tailored to the needs of each
clinical population.

Likewise, the experience of using opioids, whether medically or non-medically, is also complex and multi-
faceted. Human laboratory studies are well-suited to identify the potential therapeutic effects of early stages
of opioid withdrawal, various types of opioid craving (e.g., pain-, stress-, and cue-induced craving), and acute
changes in hedonic states associated with chronic opioid exposure (e.g., hypohedonia and anhedonia).!23:124
Longer-term clinical trials should include real-world outcomes such as the success of induction onto MOUD,
treatment retention, adherence to MOUD, and the MOUD doses required to suppress craving and with-
drawal. Studies specifically including persons with co-occurring OUD and chronic pain are required since a
third of people with OUD also have chronic pain and this population has unique clinical needs and treatment
trajectories. In summary, a comprehensive assessment of pain- and opioid-related outcomes is paramount to
generate clinically pertinent evidence.

6.1.2 Concurrent opioid use or MOUDs

The use of psychedelics as an add-on to, or concurrently with medications that work at the MOR may have
unintended effects. Being prepared to prevent or mitigate possible withdrawal states should be taken into
consideration. The impact of possible withdrawal states on the subjective psychedelic experience should also
be considered and timing of dosing of any concurrent MOR should be thoughtfully considered. For many
studies of ibogaine and noribogaine, MOUD is commonly switched to shorter-acting medications such as
controlled-release oral morphine products or other short-acting MOR agonists.!?> There are also possibly
important safety concerns related to concurrent use of opioids and some psychedelics, which are reviewed
below.

6.1.3 Subjective effects of psychedelics

There remains ongoing debate concerning the necessity for the hallucinogenic effects of psychedelics, with ar-
guments both for and against their importance.!26:127 There is a suggestion that in both, at least, treatment-
resistant depression and tobacco use disorder, the subjective components and quality of the acute psychedelic
experience may be important for therapeutic efficacy,'?® while there remains some preliminary data in QUD
this may be the case. Conversely, for cluster and migraine headaches, the acute subjective psychedelic effects
may be independent from their clinical effects.!?? These studies were dovetailed by recent healthy human
laboratory data, putting into question the therapeutic relevance of hallucinogenic effects for analgesia.b”
Measurement and investigation into the importance of hallucinogenic and subjective effects remains crucial
to further our understanding of this phenomenon (and supposed “biological effects” from the “psychological
effects”) and the viability of sub-psychedelic dosing/microdosing paradigms and active control groups that
receive low or blinding doses of psychedelics in some studies, which may have some effect on outcomes.

6.1.4 Psychedelic-assisted psychotherapy (PAP)

The role of psychedelic-assisted psychotherapy (PAP) is another important methodological concern in fu-
ture trial design regarding investigations for chronic pain and OUD. Despite concomitant psychotherapy
being a component of other modern trials of psilocybin for other SUDs,'*130 protocols have included mostly
manualized cognitive behavioral therapy- or motivational enhancement therapy-based interventions. The
efficacy for evidence-based psychosocial treatments for chronic pain'®' and substance use'3? remain modest,
with small to medium effect sizes across trials. As such, adjunctive psychedelics may increase the efficacy
and/or engagement in evidence-based psychosocial treatments. The importance of psychotherapy during
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these psychedelic trials on efficacy remains to be seen as there are exist few repeated evaluations or studies
have not been powered to assess differences between groups on psychotherapy. Draft FDA guidance on
psychedelic trials has also questioned the use of PAP as it raises concerns about standardization and the
introduction of other forms of bias. The many types of PAP have been reviewed in detail, including dis-
cussions on trial design during each phase of psychedelic trial,!33134 as have theoretical considerations for
its use in other components of recovery and synergy with other treatment paradigms such as twelve-step
facilitation (TSF).135

6.1.5 Treatment setting

There is a large variation across the existing studies for psychedelics for OUD studies in regard to treat-
ment settings. For example, the early LSD studies were mostly carried out in residential settings, the study
investigating ayahuasca was completed in a retreat setting, and many of the trials with ibogaine or noribo-
gaine were carried out in various medical treatment centers. Pain studies have traditionally occurred in two
settings: (1) human laboratory investigations and (2) real-word, ambulatory and emergency room studies.
Treatment setting determination may also be influenced by which phase of treatment is being targeted (i.e.,
acute withdrawal) or by other safety concerns that may require continuous medical monitoring. Treatment
setting is overall an important consideration for research design but also for real-world implementation if
such psychedelic treatments receive regulatory approval.

6.1.6 Blinding and expectancy bias

The issue of blinding, blinding procedures, and blinding failures in psychedelic trials has received considerable
attention in the literature.!3® While expectancy bias remains an issue for all clinical trials, expectancy bias
has been well documented in the pain literature and should be thoughtfully considered in future trial designs
around pain and psychedelics.'3” Systematic reviews of the RCTs of psychedelics have illustrated that many
trials have used various forms of placebo groups including placebo control groups, inert placebo control, or
active placebo control, or both, but there is room to improve on quality and blinding assessment and blinding
failure in these trials.!®® Blinding integrity tools in the context of psychedelic micro-dosing studies have also
been recently developed, as well as recommendations to improve blinding issues in psychedelic trials.'3 The
impact of preparatory sessions on expectancy, as well as the set and setting and other controllable factors
in psychedelics sessions, should be also thoughtfully considered as possible factors influencing outcomes.4°

Specific safety considerations in psychedelic trials for those with pain and/or OUD
6.2.1 Addictive and “abuse potential”

Concerns about the addictive potential (development of hallucinogen use disorder [HUD]) or “abuse po-
tential” of psychedelics have been raised as a common argument against the investigation of psychedelics
for SUDs, since their historic scheduling as a Schedule I controlled substances (i.e., high potential for
abuse and no currently accepted medical use). Still, the evidence to support the addictive potential of
psychedelics is scant. Current FDA guidance for psychedelic trials outlines guidance for the assessment of
this risk.!1"National Survey on Drug Use and Health (NSDUH) data reports the rates of HUD criteria by
DSM-1V criteria very low amongst respondents that have used a hallucinogen (less than <1% for both meet-
ing criteria for “abuse” and dependence). Other data from the NSDUH concerning serotonergic psychedelics
specifically, commonly reports that past use of these compounds is associated with lower rates of certain
SUDs (specifically meeting OUD criteria in some studies),”*as do other studies of naturalistic psychedelic
use reporting a decrease in the use of multiple substances including opioids.?®In addition, some of the recent
trials investigating psilocybin for MDD that have included longer term follow-up have noted no reported
additional psilocybin use up to 12 months after the trial amongst participants.!! Overall, only more data
in study participants with co-occurring SUDs and/or chronic pain conditions and further, more specific
FDA guidance around psychedelic studies will determine best practices for study design and risk assessment
around the serotonergic psychedelics. Detailed discussions and considerations around assessing the abuse
potential of psychedelics and their current drug scheduling have been reviewed in detail here.42
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6.2.2 Other adverse effects

Generally, the classic psychedelics have been deemed to be relatively low risk for adverse events,'#3 although
there are special populations (such as older adults, and those with cardiac disorders) that have generally not
been included in studies and deserve particular attention to possible cardiovascular adverse events including
increased heart rate, blood pressure, and myocardial ischemia.'®* As a general concern for psychedelic trials,
reports of suicidal ideation (SI), non-suicidal self-injurious behavior (NSSBI), and hospitalizations for severe
depression have been reported in some recent trials of psilocybin for depression as have been noted in earlier
trials of psychedelics for SUDs.#5These serious psychological adverse events appear rare and may reflect
baseline risk for participants with mood disorders and/or SUDs, and it is uncertain what additional risks that
those with chronic pain may incur. In addition, risks of hallucinogen persisting perception disorder (HPPD)
a low concern but possible concern.'® Guidance suggests additional measurement of long term follow up
for return to use or later overdose events which would shed light on other possible risks for psychedelics.'!?
Notably, rigorous reporting of adverse events across psychedelic studies has varied and deserves attention in
future trial design.'4?

Other serotonergic psychedelics have cardiovascular risks, including QTc prolongation and possible valvular
disease, warranting adequate screening and monitoring of participants with OUD, whose QTc interval may
be prolonged at baseline, and who may have underlying cardiac disorders as a consequence of intravenous
drug use.'#7148 The concurrent use of methadone, which has relevant cardiac effects, and a psychedelic like
ibogaine (also with well documented cardiac effects) may warrant additional safety monitoring.

Conclusion

Psychedelic-assisted interventions for chronic pain and OUD present a promising avenue for therapeutic
innovation. Although preliminary evidence suggests potential benefits, more rigorous research is needed to
establish the safety, efficacy, and optimal protocols for psychedelic-assisted interventions in these conditions.
Future studies should focus on carefully selected, population-specific pain- and opioid-related outcomes,
elucidating mechanisms of action, refining treatment protocols, and addressing safety concerns. This research
is essential to ensure the responsible and evidence-based integration of psychedelics into research settings and
potentially clinical practice. In the context of rapid attitudinal and regulatory changes regarding psychedelics,
it remains to be seen whether their therapeutic potential for chronic pain and OUD — two of the most vexing
problems of modern healthcare — can be fully realized.
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FIGURE LEGEND

Figure 1. Pharmacological, psychological, and social mechanisms for how psychedelics may influence pain
and pain-related behaviours.

Figure 2. Figure 2A. Overview of neurocircuitry of addiction.Figure 2B. Overlap of psychedelic mecha-
nisms as they may theoretically influence specific areas of the neurocircuitry of addiction as relevant to both
pain and opioid use disorder.
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Figure 1. Pharmacological, psychological, and social mechanisms for how psychedelics may influence pain
and pain-related behaviours.
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