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Cannabis, widely used for recreational purposes, continues to
generate controversy over its status as a putative medicinal
agent. In November 2018, the UK moved unlicensed cannabis-
based products from Schedule 1 to Schedule 2, enabling their
use through prescription. In contrast, Canada legalised non-
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medicinal cannabis use in October 2018, and with 33 and 11
states in the the USA having legalised medicinal and non-
medicinal use, respectively. The WHO and United Nations
have also considered rescheduling cannabis to a less restric-
tive class. The WHO estimates that the annual prevalence of
cannabis consumption is 181 million people globally, equiva-
lent to 2.5% of the world’s population.’ In comparison, prev-
alence rates are estimated between 28% and 34% in markets,
such as Canada and the USA, where medicinal and recrea-
tional cannabis use is legal.? As countries begin to adopt
cannabis use regulations, it is likely that a greater number of
patients will seek medical guidance on its effectiveness for
relief of various ailments. Currently, clinicians may be reti-
cent to broach this topic with patients given the limited clin-
ical research, exuberant promotion of novel products and
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Cannabinoids in chronic non-cancer pain medicine

Term Definition

Cannabinoids

Cannabis

various species/subspecies

byzantine cannabinoid vernacular (Table 1). With a long his-
tory of social, cultural and medicinal use and a plethora of
anecdotal benefits in chronic symptom management,
healthcare providers will require a deeper understanding of
the research base that supports, and refutes, the therapeutic
uses of cannabis. One consistent role of cannabis throughout
history has been its use as an analgesic. Even today, pain
continues to be the most commonly reported symptom for
which patients seek to use cannabis.® This article reviews the
science of cannabinoids; highlights the preclinical, experi-
mental and clinical evidence assessing the efficacy of
cannabis in chronic non-cancer pain; and outlines commonly
used heuristics to enable safe therapeutic cannabis trials in
patients with chronic pain.

Endocannabinoid system and
phytocannabinoids

The endocannabinoid system (ECS), found in all mammals,
functions as a retrograde neurotransmitter pathway. It pri-
marily consists of two main cannabinoid receptors (CB; and
CBy), endogenous cannabinoid ligands (anandamide [AEA]
and 2-arachidonoylglycerol [2-AG]), and degradative enzymes
(fatty acid amide hydrolase [FAAH] and monoacylglycerol
lipase [MAGL]).* Endocannabinoid ligands are produced by
hydrolysation of membrane phospholipid precursors in the
postsynaptic neuronal cell, and then released into the pre-
synaptic space, binding to cannabinoid receptors. Activation
of receptors initiates a cascade of downstream events regu-
lating glutamatergic and GABAergic signalling, after which the
endocannabinoids are rapidly hydrolysed (Fig. 1). The more
prolific CB; receptor is expressed throughout the body and
especially in the CNS. It is found throughout pain-modulating
pathways, including primary afferent neurones, dorsal root
ganglia, spinal dorsal horn, major descending inhibitory re-
gions, periaqueductal grey and the rostral ventral medulla.’
The less wubiquitous CB, receptors act by inhibiting
proinflammatory responses of immune cells (e.g. macro-
phages and lymphocytes) and microglia. Whilst emphasis is
placed on CB; and CB, receptors, preclinical research
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A class of chemical compounds that interact with the
ECS and cannabinoid receptors (CB; and CBy)

A plant genus within the larger Cannabaceae family
known for producing phytocannabinoids and having

Endocannabinoids: cannabinoids produced naturally
in mammals that interact with CB; and CB, receptors
(e.g. AEA and 2-AG)

Phytocannabinoids: cannabinoids found in the
cannabis plant (e.g. THC and CBD); note that
nabiximol is an oromucosal spray containing the plant
extract of THC and CBD with fixed dosing, also labelled
as cannabis-based medicine extract

Synthetic cannabinoids: cannabinoids manufactured
artificially (e.g. nabilone [synthetic THC analogue] and
dronabinol [synthetic THC])

Species/subspecies of cannabis: Cannabis sativa
(‘sativa’), Cannabis indica (‘indica’) and Cannabis ruderalis
Medical cannabis: cannabis used for the explicit
intention to relieve symptoms related to an
underlying disease or condition

Recreational cannabis: cannabis used for the sole
purpose of altering consciousness or achieving a ‘high’

continues to advance our knowledge of the intricacies of
cannabinoid-related G-protein-coupled receptor (GPCR) in-
teractions and novel cannabinoid receptors.®

GPCRs, novel ECS receptors and pain modulation

Cannabinoid ligands have been shown to interact with
numerous well-established families of GPCRs, including
opioid, serotonin, muscarinic, dopamine and adenosine re-
ceptors.” Allosteric modulation of these receptors by canna-
binoid ligands has been proposed, but the exact mechanism of
action remains unknown. The orphan receptor GPRS5 and its
variants have been identified as new endocannabinoid-
responsive receptors. GPR55 shares numerous cannabinoid
ligands with CB; and CB,, and could be a potential target for
therapeutic use of cannabinoids in the treatment of pain.®
Peroxisome proliferator-activated receptors (PPARs), a family
of nuclear transcription factors activated by cannabinoid-like
molecules, have also been implicated in modulation of in-
flammatory and neuropathic pain. Transient receptor poten-
tial (TRP) channels, most notably TRP vanilloid-1 (TRPV-1),
have a prominent role in pain. Classically, through capsaicin,
and also via cannabinoid and cannabinoid-like ligands, acti-
vation of TRPV-1 leads to desensitisation (a refractory state)
rendering the channel unresponsive to further signalling and
produces a paradoxical analgesic effect. Although TRPV-1 is
the most well known of the TRP channels, cannabinoids may
interact with several different channels in the family [e.g.
TRPV-2, transient receptor potential ankyrin 1 (TRPA-1) and
transient receptor potential M8 (TRPM8)], signifying the po-
tential for multimodal analgesic and anti-inflammatory
effects.’

Phytocannabinoids

In addition to endocannabinoids, ECS receptors are also
responsive to various external cannabinoids. The cannabis
plant (Cannabis sativa), part of the Cannabaceae family, is
known to possess well over 500 unique chemicals classified
into distinct groups, such as phytocannabinoids (plant
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Postsynaptic
terminal
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cannabinoids), terpenoids and flavonoids; the latter two
compounds are responsible for the smell and colour of the
plant, respectively. In 1964, A-9-tetrahydrocannabinol (THC)
was firstisolated and along with cannabidiol (CBD) are the two
most studied phytocannabinoids. These chemically neutral
compounds are derived from the plant’s native acidic form
(i.e. d-9-tetrahydrocannabolic acid and cannabidiolic acid).
Conversion of the native acidic cannabinoid to its more bio-
logically active neutral form occurs through decarboxylation,
commonly achieved by the application of heat. This process
occurs when the dried plant is subjected to smoking, vapor-
ising (‘vaping’) or baking as in edible foods. Smoking exposes
cannabis to temperatures above 500°C resulting in production
of toxic by-products and 30—50% loss of cannabinoid content
through sidestream smoke and pyrolysis. In comparison,
vaporising generates temperatures of 200—230°C and 60—70%

 THC
« Dronabinol
« Nabilone

®

Neurotransmitter
receptor

cannabinoid extraction with minimal amounts of carcino-
genic by-products.’

The therapeutic effects of THC, well known for its psy-
chotropic properties, include anti-inflammatory, analgesic,
sedative and appetite-stimulating effects. Cannabidiol is less
studied compared with THC, and is hypothesised to act pri-
marily as an anti-inflammatory and potentially as an anal-
gesic.’' Co-administration of CBD with THC may counteract
the THC-induced neuropsychiatric effects by modulating the
extracellular signalling pathway in the ventral tegmental
area.'? Whilst there have been over 100 phytocannabinoids
identified from cannabis, many, including cannabinol and
cannabigerol, are still being investigated for medical use.
Often thought of independently, these cannabinoids and
others may work synergistically to produce a given effect, a
term referred to colloquially as the ‘entourage effect’.’
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Cannabinoid effects in preclinical models of
pain
Animal models

Cannabinoids have shown effective anti-nociception in
numerous animal pain models of chronic inflammatory and
neuropathic pain. There is ample evidence to support anti-
nociception by dual CB1/CB, receptor agonists and specific
CB; or specific CB, agonists.'* Recent evidence supports the
presence of neuronal CB; in midbrain pain circuits, with
stimulation increasing dopamine release from neurones of
the central tegmental area contributing to pain relief and
descending pain control.'® Apart from classical CB,/CB, ago-
nists, endocannabinoids, such as oleoylethanolamide and
palmitoylethanolamide that do not act as direct agonists of
CB; or CBy, provide pain relief in animal models of visceral,
inflammatory and neuropathic pain, possibly via PPARs,
TRPV-1, downregulation of FAAH and actions on non-
neuronal cells.”® In animals, CBD provides anti-
inflammatory and anti-nociceptive effects not only in clas-
sical nociceptive models, but also in models of visceral pain,
multiple sclerosis, Parkinson’s-associated pain and intrac-
table cancer pain.'’

Genetic animal pain models

Genetic models with deletion of CB; receptors result in noci-
ceptive hypersensitivity and acute, inflammatory and neuro-
pathic pain.’® In contrast, FAAH knockout mice are protected
from nociceptive hypersensitivity and show reduced signs of
stress and sleep disturbance.'® CB, knockout mice were also
shown to have reduced sensitivity, but not as profound as
with CB4, although a greater role for CB, was identified with
dual agonists in the context of CB; knockout models.

Human experimental pain models

The effect of cannabinoids in human experimental pain
models have mixed outcomes ranging from hyperalgesia to
mild analgesic effects.”’ For example, several models have
demonstrated a reduction in pain threshold when applying
electrical stimulation or capsaicin after giving THC. Capsaicin
pain models have also demonstrated absent analgesic effects
when using THC or its analogues. One study demonstrated no
effect on pain intensity, whilst another model documented no
alteration of heat threshold, secondary hyperalgesia or
spontaneous pain.”!

Experimental models using functional MRI have also
demonstrated the effects of THC on the structure of the pain
matrix in the processing and perception of pain. The un-
pleasantness of pain was reduced by @ 9-9-
tetrahydrocannabinol, but not the intensity of ongoing hy-
persensitivity from capsaicin.’” This response was corre-
lated with activity in the amygdala and reduced
connectivity between the sensorimotor cortex and the
amygdala. The authors concluded that THC was effective by
primarily reducing limbic—sensory connectivity, which was
directly correlated with unpleasantness and intensity
reduction. More recent work using gaseous COj-induced
pain as an experimental model showed THC first interferes
with sensory processing that in turn reduces
sensory—limbic connectivity resulting in deactivation of af-
fective regions.??
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In summary, meta-analysis of human experimental
studies reveals cannabinoids may prevent the onset of pain
with small increases in pain threshold and pain tolerance (i.e.
greater amounts of stimulation were required to induce and
withdraw from pain). In contrast, ongoing experimental pain
was not associated with reduced intensity after cannabinoid
administration, suggesting minimal benefit after the pain
threshold had been met. However, a small to medium-sized
reduction in perceived unpleasantness of ongoing experi-
mental pain was noted, implying a positive effect on the af-
fective dimension of pain. In these models, cannabinoids
were not associated with a reduction in mechanical hyper-
algesia, potentially limiting its role in central sensitisation.?’

Clinical studies of cannabinoids in pain
Acute pain

Cannabinoids have been assessed in acute pain management,
primarily in the postoperative setting. However, the evidence
for the efficacy of cannabinoids in this context is weak. A
recent systematic review identified seven studies that focused
on the effectiveness of cannabinoid medications in the man-
agement of postoperative pain.?* Five of the seven studies
failed to demonstrate a difference between cannabinoid and
placebo with one study documenting worsening pain with
cannabinoids. Statistically significant pain relief was demon-
strated in only one of these studies (using levonantradol), with
the effectiveness deemed equivalent to that of codeine.?

Chronic non-cancer pain

Many systematic reviews have been published assessing the
efficacy of cannabis in chronic non-cancer pain (CNCP).
Although similar subsets of studies are included across re-
views, often different conclusions are reached by the review
authors even when wusing quantitative methodology
(Supplementary Table S1, online-only). These discrepancies
frequently result from dissimilar analyses, study inclusion
criteria and the authors’ subjective impressions of the balance
of benefits and risks.”®

A metareview is beyond the scope of this article, although
it is important to appreciate the breadth of primary observa-
tional and controlled clinical studies in this domain. To
describe the original literature in aggregate, we have retrieved
studies found in a more recent, comprehensive systematic
review.” The following sections summarise the general
themes and outcomes of these original studies.

Observational studies

There have been 57 observational studies assessing cannabis
in CNCP reporting on 5,678 patients.”’ Few observational
studies included a comparison group with outcome measures
consisting primarily of changes in intra-individual pain in-
tensity scores. Patients included those with mixed pain con-
ditions; neuropathic pain (human immunodeficiency virus
neuropathy, chemotherapy-induced neuropathy, diabetic
peripheral neuropathy, plexus injury,spinal cord injury other
mixed central and peripheral pain syndromes); and fibromy-
algia. There was a total of 31, 22 and four studies in each
group, with 16 (52%), nine (41%) and three (75%) studies
reporting statistically positive results, respectively. In this
group, the proportion of patients achieving 30% improvement
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in pain (clinically meaningful pain relief) from their baseline
score was 72% across studies that reported this outcome
measure. There was poor evidence to support a 50%
improvement in pain amongst these studies.

Randomised clinical trials

Randomised clinical trials account for 47 of the published re-
ports in the literature assessing a total of 4,271 patients.?”’
Studies assessed mixed pain conditions, neuropathic pain,
arthritis and fibromyalgia with five/17 (29%), 13/26 (50%), one/
one (100%) and two/three (66%) reporting statistically positive
results, respectively. Again, RCTs demonstrated a statistical
improvement in the prevalence of patients achieving 30%
improvement in pain compared with placebo, but effect size
was small with a number needed to treat (NNT) of 24 (95%
confidence interval [CI]: 15-61).2” The results from these
studies were not statistically significant for achieving a 50%
improvement in pain.

Summary of clinical studies in chronic pain

Overall, there is not convincing evidence for the use of can-
nabinoids for pain relief in rheumatic diseases, including fi-
bromyalgia, spinal pain and rheumatoid arthritis.?® However,
many authors have noted benefits from cannabinoids as
adjuvant therapy in patients with chronic neuropathic pain
that is failing to respond adequately to traditional medical
management.

Limitations of clinical studies

Several studies have reported positive results, but the number
of well-designed, robust studies of cannabinoids in CNCP re-
mains limited. Randomised clinical trials have largely focused
on nabilone and nabiximols with a limited number of pub-
lished RCTs using dried cannabis or whole-plant extracts. The
quality of existing studies is also hampered by short trial du-
rations (usually less than 8—12 weeks), small sample sizes and
heterogeneous groups of patients that may obscure effects
when aggregated. Further, the pooling of results may
confound interpretation because of variability across
cannabinoid-based medicines and herbal plant content,
inconsistent dose ranges and differences in pharmacology
linked to different routes of administration. Finally, there has
been a paucity of studies assessing global health outcome
measures relevant to chronic pain, as recommended by the
Initiative on Methods, Measurement, and Pain Assessment in

Contraindications

Clinical Trials, such as disability, psychological health and
quality of life.

Long-term consequences of cannabis

Many patients consider cannabis to be a safe substance,
despite known contraindications (Table 2) and short-term
adverse effects (Table 3). A major concern of cannabis as a
therapeutic substance is its potential association with long-
term negative effects, such as cannabis use disorder (CUD),
risk of psychosis and mood disorders. The estimated lifetime
prevalence of CUD is approximately 9%, similar to prescrip-
tion opioids, but lower than for nicotine (32%), alcohol (15%)
and stimulants (11%).%° Whilst psychosis is a contraindication
to the medical use of cannabis, data supporting the strength of
this association are mixed. A recent meta-analysis docu-
mented a dose—response relationship between cannabis use
and psychosis, with a four-fold increase in risk for heavy
(recreational) cannabis users. The effect of unknown constit-
uents or cannabinoid content in recreational cannabis
compared with more balanced cannabinoid ratios in medical
cannabis may also confound these results. In short, a direct
causal relationship to psychosis or safe dose of cannabis has
yet to be defined.’® Finally, cannabis has been linked to
increased risk of manic symptoms and worsening bipolar
disorder.” There is little doubt that cannabis is associated
with negative mental health outcomes, but similar to gaps in
efficacy research, our understanding of this relationship is
limited by lack of details on dosing, route of administration
and cannabinoid content.

Translation to clinical practice

The transition from the outcomes of research studies to
clinical practice in this area still faces many hurdles. Clini-
cians have little guidance on the pharmacokinetics of various
routes of administration, cannabis dosing, cannabinoid con-
centrations and drug—drug interactions. Research in these
areas is needed to inform validated dosing protocols when
prescribing cannabis for patients. For now, the UK-based
National Institute for Health and Care Excellence released
guidelines in 2019 for cannabis-based medicinal products,
which has been endorsed by the British Pain Society (BPS).>%*?
They recommend that cannabis-based medicinal products
should not be prescribed routinely for managing chronic pain.
Rather, those who have demonstrated benefit from medicinal
cannabis after participation in a clinical trial should have ac-
cess to medical cannabis. Patients reporting benefit from the

General
e Under 25 yrs of age
e Hypersensitivity to any cannabinoid
e Known or suspected allergy to propylene glycol, ethanol or peppermint oil (for nabiximols)

e Women of child-bearing potential not on reliable contraceptive
e Pregnant or nursing women
Medical
e History of schizophrenia or any other psychotic disorder
e History of CUD

e Serious cardiovascular disease: ischaemic heart disease, arrhythmias, poorly controlled hypertension or congestive heart failure

o Significant hepatic or renal impairment
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Adverse effects

CNS Dizziness, somnolence, disorientation, dissociation, euphoria, depression, ataxia, visual
disturbance, concentration difficulties and headache

Cardiovascular system
Respiratory system
Gastrointestinal system
Genitourinary system

micturition

use of recreational cannabis for chronic pain should be
considered for clinical studies involving cannabis-based me-
dicinal products.®?

In other jurisdictions, where cannabis is legal, clinicians
have adopted prescribing ‘protocols’ that focus on harm
reduction whilst attempting to maximise efficacy. These
heuristics are often summarised by the trite phrase, ‘start low,
go slow’, which translates to low-dose THC (i.e. 1-2.5 mg
day~?) with gradual titration until symptom relief or onset of
adverse effects. It has been suggested that maximal THC
doses of 30 mg day ! suffice for analgesic effect in most
patients.>>

Conclusions

Pain societies and oversight bodies around the world have
adopted various positions on the use of cannabinoids for
chronic pain. The International Association for the Study of
Pain recommends against the use of cannabinoids based on
weak quality of evidence. In contrast, the updated Canadian
neuropathic pain guidelines (2014) recommend cannabinoids
as a third-line agent ahead of methadone, lidocaine and
capsaicin, whilst the BPS takes a more balanced and cautious
approach. The current literature is far from definitive or
complete, but a few key trends are emerging:

(i) Outcomes of cannabinoids witnessed at the bench side
are unlikely to be mirrored at the bedside.

(ii) Cannabinoids, in as yet to be defined ‘well-chosen pa-
tients’, may be a useful adjuvant to ameliorate pain and
improve quality of life.

(iii) Most important, our understanding of cannabis and
cannabinoids continues to evolve compelling pain cli-
nicians to remain open and informed.

Cannabis and cannabinoids will not be a panacea for CNCP,
but those clinicians willing to learn more about their potential
role in pain medicine will be able to provide patients with yet
one more option to manage an often frustrating and disabling
condition.
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Hypotension, tachycardia, syncope and palpitations

Dyspnoea, pharyngitis, nasal congestion and sinus headache

Dry mouth, anorexia, increased appetite, vomiting and diarrhoea

Increased and decreased urination, hot flashes, urinary retention and frequency of

Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.bjae.2020.05.002.
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