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Knowledge about the therapeutic potential of medical cannabis has greatly improved over the past decade, with
an ever-increasing range of developments in human clinical applications. A growing body of scientific evidence
supports the use of medical cannabis products for some therapeutic indications, whilst for others, the evidence
base remains disputed. For this narrative review, we incorporate areas where the current evidence base is
substantial, such as intractable childhood epilepsy and multiple sclerosis, as well as areas where the evidence is
still controversial, such as PTSD and anxiety.

We provide a high-level summary of current developments using findings from recent major reviews, as well as
real world evidence (RWE), including global database registries and other patient reported outcomes (PROs). On
the one hand, our strongest empirical data supports the use of cannabis-based medicinal products (CBMPs) for
conditions with relatively small patient numbers. Yet on the other hand, the conditions, where the highest pa-
tient numbers present, often have debatable clinical evidence but good RWE, incorporating PROs of 1000s of
patients.

The discord between PROs and the respective strength of the evidence from randomised controlled trials
(RCTs) highlights the urgent need for further research. The scientific literature examining the efficacy of medical
cannabis for many conditions is still developing, whilst large numbers of patients globally have been successfully
using medical cannabis to treat a broad range of conditions. We conclude on the importance of systematically
developing RWE databases to supplement RCTs and to bridge the current evidence gaps.

1. Introduction

Cannabis is arguably the world’s oldest medicine with examples of
use found in many Eastern cultures thousands of years BC. Even today
the Chinese character for anaesthesia is the same as that for cannabis.
Cannabis was introduced into western medicine in the 1800s usually as
an alcoholic tincture where its anti-epilepsy effects were noted and
benefits for mental health reported (O’Shaughnessy, 1843; Reynolds,
1890). Medical cannabis remained in the UK pharmacopeia until 1971.
In the USA and many other countries, cannabis was banned in the 1930s
under the League of Nations report in an attempt to prevent recreational
use. Since the early 2000s, most US states and over 20 countries have
reinstated medical cannabis, and in December 2020, medical cannabis
was finally removed from schedule 4 of the 1961 UN convention on
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narcotic drugs. In addition, medicines made of extracts of cannabis, in
particular Sativex (A°THC + CBD - for spasticity in MS) and Epydiolex
(purified plant-derived CBD for some rare childhood epilepsies) have
been licensed in some western countries. UK legislation has allowed
medical cannabis preparations since November 2018, but very few
prescriptions have been issued by the NHS. Despite this, it is estimated
that over a million people are using illegally-sourced cannabis for
self-medication of diagnosed conditions in the UK (Couch, 2020). Rea-
sons for this are discussed in Nutt et al.’s (2020) recent review.

1.1. Aim of our narrative review

The aim of this narrative review is to provide a high-level summary
of the current evidence base, including the most recent developments in
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human clinical applications and potential therapeutics, incorporating
randomised controlled trials, RWE and PROs. This is no easy feat as both
types of evidence are not always in agreement. We outline areas where
the evidence base is strong, involving little controversy, and focus on
areas where the evidence base is still disputed, as well as the potential
future conditions for which cannabis might be prescribed.

1.2. Definitions

Cannabis-based medical products (CBMPs) can vary from purified
single compounds (often THC or CBD), to complex mixtures of hundreds
of molecules, in multiple formulations (oils, solutions, sublingual sprays,
tablets and capsules), with multiple delivery mechanisms (oral, nasal,
rectal, and inhalation). Table 1 summarises some of the current medical
cannabis products that patients are using, their typical routes of
administration and their typical indications. This table aims to highlight
the heterogeneity in product types which can make the analysis of their
efficacy through clinical trial and RWE data difficult due to the differ-
ences in the pharmacodynamics and pharmacokinetics of the products.

1.3. Entourage hypothesis

The cannabis plant makes over 100 cannabinoid molecules and
several hundred terpenoids and flavonoids (Namdar et al., 2019). Whilst
most research into the medicinal use of cannabis has focussed on the
effects of the two major phytocannabinoids (THC and CBD), the past two
decades have seen the observation of potential synergistic effects of
other chemical entities of the cannabis plant that warrant further
investigation. This possibility of multiple beneficial interactions be-
tween cannabinoids - the entourage effect-is increasingly supported by
clinical observations.

The coining of the term the entourage effect was established in 1998
by Prof Mechoulam and Shimon Ben-Shabat who demonstrated that a
range of seemingly inactive metabolites could alter the activity of the
endocannabinoid system (Ben-Shabat et al., 1998). These findings gave
rise to the idea of pharmacological synergy wherein the summation of
effects was greater than the sum effect of individual molecules and in
particular reference to botanical medicine supported the idea of whole
plant extracts having a superior efficacy (Mechoulam and Ben-Shabat,
1999).

One observational study noted that a combination of both THC and
CBD from whole plant extracts were necessary for reducing seizure
frequency and superior to CBD alone in children suffering from various
forms of epilepsy (Zafar et al., 2020). However, another study in autism
did not find whole plant product to be superior to isolated cannabinoids
when assessing behavioural and clinical outcomes, nonetheless there
was a significantly higher rate of response on behavioural outcomes in
the whole-plant group (49%) versus placebo (21%) which show the

Table 1
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utility of whole plant product in reducing behavioural issues related to
autism (Aran et al.,, 2021). A meta-analysis of 670 patients showed
significantly fewer severe adverse events and significantly higher pro-
portion of participants achieving 50% or greater reduction in seizure
frequency (71% vs 36%) in patients using CBD predominant cannabis
extracts vs purified CBD (Pamplona et al., 2018). Such results possibly
supporting the hypotheses of the synergistic contributions of phyto-
cannabinoids and terpenes (Lewis et al., 2018) to superior therapeutic
success, although head-to-head studies with products of similar formu-
lation and route of delivery are required. In the management of intrac-
table cancer-related pain an RCT indicated that a THC:CBD rich extract
in equal amounts provided statistically significant reductions in mean
pain Numerical Rating Scale (NRS) compared with placebo whereas
THC-rich extract alone failed to provide sufficient pain relief indicating
the elevated analgesic effects of combined cannabinoid therapy for this
condition (Johnson et al., 2010).

The terpenoid caryophyllene, which is found in the cannabis plant,
has been found to significantly reduce craving to cigarettes (P < 0.01).
One purported mechanism is via CB2 receptor agonism, with car-
yophyllene being a CB2R agonist in its own right, thus indicating a
conceivable new drug target for addiction (Rose and Behm, 1994).
Further work has noted the ability of caryophyllene to inhibit cocaine
addiction related behaviours through activation of specific biochemical
pathways in the mesolimbic reward pathway, laying the groundwork for
future in-human validation of such findings (Galaj et al., 2020). Indeed,
there is a paucity of literature on the interaction of terpenes and phy-
tocannabinoids with Santiago et al. (2019) reporting that the 6 most
common terpenes do not affect THC mediated signalling at cannabinoid
receptors. In spite of this, the independently reported pharmacological
activity of terpenes could theoretically provide adjunctive therapeutic
value to cannabinoids that are known to have clinical efficacy. Whilst
the individual in-vitro effects of terpenes are supportive of its purported
role in mood and addiction, translational efficacy has not yet been
determined and controlled clinical research in this field remains sparse.

Anecdotally, there is much evidence to support the role of whole
plant cannabis as this is what the majority of medical cannabis patients
consume as opposed to pharmacologically purified compounds used in
RCTs. Whilst there is some evidence on cannabinoid-cannabinoid in-
teractions, further enquiry is needed to investigate conflicting results
from both in-vitro and animal studies of the interaction between phy-
tocannabinoids and terpenes. Such scrutiny of the entourage hypothesis
is required in order to fully understand the true pharmacological prop-
erties of cannabis (please see Cogan, 2020). The demonstration of the
synergy of THC and CBD in modulating therapeutic outcomes in clinical
populations, as seen in epilepsy and pain, plus the utility of terpenes to
therapeutically modulate brain pathways involved in mood and sub-
stance use disorders in animal models, provide some support to the
theory of the entourage effect. Given different cultivars of the cannabis

Cannabis based medicines include a wide variety of product types from single active pharmaceutical ingredient (API, e.g. THC or CBD) to complex mixtures of 100s of

molecules, which are also consumed/administered through a variety of routes.
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plant have different amounts and combinations of these components,
research is difficult and still limited and so outside the scope of this
review.

2. Developing the clinical evidence base

Since the isolation of the active ingredients of cannabis, and the
discovery of the cannabinoid receptors and the endocannabinoid sys-
tem, there has been a huge growth in clinical trials investigating the
efficacy of CBMPs (see Fig. 1). The relative lack of clinical trials before
2000 highlights the importance to also include RWE to further build up
the evidence base.

3. Summarising the current evidence

Despite the extensive changes in global policy on CBMPs, there is
only limited conclusive evidence regarding its short- and long-term
health effects (both harms and benefits). The previous schedule 1 sta-
tus of cannabis, together with the lack of private or public funding,
resulted in the absence of high-quality research, meaning that for many
conditions, essential information of the health implications of CBMPs is
still developing.

For our summary, we incorporate areas where the current evidence
base is substantial and generally undisputed, such as intractable epilepsy
and multiple sclerosis, as well as areas where the evidence is still
controversial and often based on RWE and PROs such as in psychiatric
conditions, including PTSD and anxiety.

We provide a high level summary using findings from recent major
reviews (e.g. Whiting et al., 2015; NASEM, 2017), as well as global
databases of RWE (see Table 2 for examples), including observational
and case study reports. The specific conditions are covered in depth by
other authors in this special issue. These evidence sources highlight a
major controversy. On the one hand, our strongest empirical data sup-
ports the use of CBMPs for conditions with relatively small patient
numbers. Yet on the other hand, the conditions, where the highest pa-
tient numbers present, often have debatable empirical evidence but
good RWE, often incorporating PROs of 1000s of patients.

Fig. 2 summarises the strength of the current evidence relative to the
estimated number of patients using CBMPs for a certain condition. Our
summary is based on collective knowledge and understanding and in-
cludes RWE/PROs in addition to the scientific evidence base. Integrating
results from RCTs with the wealth of observational data necessarily
means that our graph is based on generalisations of the whole class of
medical cannabis, including products acquired through the illicit mar-
ket, with all the risks and limitations this may entail. Whilst we cate-
gorise the evidence into four distinct groups for ease of representation, i.
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Fig. 1. Number of published clinical trials.

Neuropharmacology 191 (2021) 108586

e. squares on Fig. 2, there is of course variation within each category,
indicated by the location in each square.

3.1. High strength of evidence - low number of patients

There is conclusive or substantial evidence that CBMPs are effective
as treatment for intractable epilepsy, multiple sclerosis (MS), cancer-
related nausea, and appetite stimulation in wasting disorders (NASEM,
2017; Whiting et al., 2015), which is unsurprising given that these are
conditions for which there are licensed cannabis-based products avail-
able. The strength of evidence to support the use of CBPMs to treat in-
flammatory bowel disorders (IBD) is also relatively high (Picardo et al.,
2019).

These findings are corroborated by recent PROs and RWE studies (e.
g. Schmidt-Wolf and Cremer-Schaeffer, 2019; Couch, 2020; Minnesota
Department of Health, 2020; Zafar et al., 2020) showing the use of
CBMPs for these conditions. Especially the use of medical cannabis for
improving symptoms of inflammatory bowel disease is increasing
(Benson et al., 2020; Naftali et al., 2019).

3.2. High strength of evidence - high number of patients

Overall, there is a high strength evidence base supporting the use of
CBMPs for the treatment of neuropathic pain, cancer-related pain and
chronic pain, which are conditions affecting a high number of patients.
A review by the National Academies of Sciences, Engineering and
Medicine (NASEM, 2017) found the evidence base for chronic pain to be
‘substantial’. Using a Multi-Criteria-Decision-Analysis (MCDA)
approach to assess the benefits and safety of various CBMPs to treat
chronic neuropathic pain, Nutt et al. (2021) found that medical cannabis
is among the most preferred treatments for people with long term,
problematic neuropathic pain.

On the other hand, the International Association for the Study of Pain
(IASP, 2021) does not endorse the general use of cannabinoids to treat
pain, due to a lack of evidence from high quality research. Nevertheless,
Prof Andrew Rice, chair of IASP, also stresses that this assessment should
not dismiss the lived experience of pain patients who have found ben-
efits from the use of CBMPs.

RWE, including large scale databases and surveys, consistently show
that these pain conditions are by far the most common conditions
cannabis is used for by patients (e.g. BfArm database, Minnesota data-
base; T21; Couch, 2020; UPA, 2018). Currently, up to 90% of patients in
state-level medical cannabis registries list chronic pain as their quali-
fying condition for the medical program (Wiese and Wilson-Poe, 2018).

Additionally, an increasing number of observational studies high-
light that CBMPs may be used as an alternative treatment for intermit-
tent or chronic opioid users to mitigate their pain. In Takakuwa’s et al.
(2020) long-term observational study of 180 patients with back pain,
cannabis use worked as an alternative to prescription opioids in over
half the patients and helped diminish opioid use in some. Other studies
have also found that access to CBMPs for chronic pain decreases opioid
use by 40-60% and patients report they prefer cannabis to opioids
(Boehnke et al., 2016; Reiman et al., 2017).

However, recent meta-analyses and systematic reviews on the use of
cannabis to treat chronic pain are less supportive (e.g. Stockings et al.,
2018) and the current RCT evidence is still often regarded as ‘incon-
clusive’ (Hauser et al., 2018; Whiting et al., 2015) probably because
they fail to adequately assess or include PROs. It should also be noted
that RCTs often use pain ratings as the primary outcome in their trials.
Cannabis does not just affect pain per se, but the overall quality of life of
the patient (Lavie-Ajayi et al., 2019; Nutt et al., 2021), which is not
reflected in whether an RCT is deemed as being successful.

3.3. Low strength of evidence - low number of patients

At present, the category supported only by low strength evidence for
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Table 2
Databases and surveys.
Database/ Details
survey
Bfarm In Germany, physicians inform the BfArM about the prescriptions for medical cannabis and the respective results on the patient side, documenting information
(Germany) concerning the indications they have prescribed cannabis for, the concentration of the prescribed product, and how patients responded to the therapy. The BfArM

conducts a large non-interventional observational study by collecting all of this data. Results showed that there is an overwhelming prescription of medical
cannabis for chronic pain patients. Of 6538 patients, 69% were prescribed medical cannabis to treat chronic pain. https://www.bfarm.de/DE/Bundesopiumstelle/
Cannabis/Begleiterhebung/_node.html
Minnesota Minnesota’s Medical Cannabis patient registry database (established July 2015) currently has data from 25,356 patients, enrolled for a broad variety of conditions,
(USA) including terminal illness (accompanied by severe or chronic pain, nausea, or severe wasting), and Amyotrophic Lateral Sclerosis (ALS or Lou Gehrig’s Disease).
The vast majority of patients are enrolled for intractable pain (62%), followed by PTSD (24%). 67.2% of the 25,356 patients are currently certified for more than
one condition. https://www.health.state.mn.us/people/cannabis/docs/about/quarupdates/oct2020.pdf
CB2 (USA) Mahabir et al. (2020) used a retrospective database analysis (CB2 Insights) of over 60.000 US patients to investigate medical cannabis use in the US. The top three
mutually exclusive primary medical conditions reported were unspecified chronic pain (38.8%), anxiety (13.5%) and post-traumatic stress disorder (PTSD) (8.4%).
The average number of comorbid conditions reported was 2.7, of which anxiety was the most common (28.3%). Females reported significantly more comorbid
conditions than males (3.1 compared to 2.3). This study highlights the range and number of conditions for which patients in the US seek medical cannabis. https://
cb2insights.ca/data https://jcannabisresearch.biomedcentral.com/articles/10.1186/s42238-020-00038-w
Project T21 Project Twenty 21 is a UK registry, recently launched by the charity Drug Science, aiming to monitor the health outcomes of 20,000 patients using cannabis based
(UK) medicinal products (CBMPs), creating the largest body of evidence in Europe for the safety and efficacy of CBMPs. So far, over 50% of patients are registering for
pain, with 35% coming to use CBMPs to treat their anxiety. As the database matures, T21 will continue to highlight conditions and record their success of
treatment. https://www.drugscience.org.uk/twenty21-is-now-live/
Quebec Registry ~ The Quebec registry for users of dried medical cannabis (established 2015) aims to include 3000 patients until 2025 https://registrecannabisquebec.com/en The

(Canada) database is based on the planned collection of observational data for a total of 10 years, with collection of clinical data for 4 years following the recruitment of each
participant.

Medical A three-stage register based evaluation is underway of the effects and adverse effects on various CBMPs. Results are expected in 2021.

Cannabis
Registry
(Denmark)

Cohort Safety Ware at al. (2015) studied cannabis for the management of chronic pain in a safety study (COMPASS). Compared with the baseline, a significant reduction in
Study average pain intensity over 1 year was observed in the cannabis group. The sensory component of pain was reduced over 1 year in cannabis users compared with
(Canada) the controls.

UK Medical The UK Medical Cannabis Registry was established by Sapphire Medical Cannabis Clinics in 2020. It is a prospective registry designed to collate outcomes on
Cannabis medical cannabis prescribing. Anonymised data will be made available to the medical community upon request. https://www.ukmedicalcannabisregistry.com
Registry (UK)

Nationwide Ware et al. (2005) conducted a nationwide UK survey comprising a self-selected sample of 2969 patients. Medicinal cannabis use was reported by patients with
Survey (UK) chronic pain (25%), multiple sclerosis and depression (22% each), arthritis (21%) and neuropathy (19%).

Online Survey Sexton et al. (2016) conducted an anonymous online survey of 1429 participants identified as medical cannabis users. The most frequently reported conditions for
(us) which they used Cannabis were pain (61.2%), anxiety (58.1%), depression (50.3%), headache/migraine (35.5%), nausea (27.4%), and muscle spasticity (18.4%).

Pain E-Registry Ueberall et al. (2019) provide an exploratory analysis of anonymised 12-week routine/open-label data provided by the German Pain e-Registry (GPR) on adult
(Germany severe chronic pain patients treated with THC:CBD oromucosal spray. THC:CBD oromucosal spray proved to be an effective and well-tolerated add-on treatment

for patients with refractory chronic pain, especially of neuropathic origin.

Questionnaire Habib et al. (2018) report results of 26 fibromyalgia patients from two hospital registries. There was a significant improvement based on Revised Fibromyalgia
Study (Israel) Impact Questionnaire Responses, with 50% of patients able to stop medications for fibromyalgia.

Cannabis as The Cannabis as Medicine Survey (https://redcap.sydney.edu.au/surveys/?s=D387MRCWH3) survey lists the conditions patients used cannabis for, as well as
Medicine patients’ experiences of benefits and side effects, as well as other drug use. In 2018, data were available for 1388 respondents. The main categories of condition
Survey 2020, being treated with medical cannabis were pain (36.4%), mental health (32.8%), sleep (9.2%), neurological (5.2%) and cancer (3.8%) (https://www.ncbi.nlm.nih.
2018; 2016 gov/pmc/articles/PMC7278204/In 2016, 1748 participants reported high levels of clinical effectiveness as well as frequent side effects. The main conditions
(Aus) treated were anxiety (50.7%), back pain (50.0%), depression (49.3%), and sleep problems (43.5%) https://pubmed.ncbi.nlm.nih.gov/30092752/

UPA Survey This survey of PROs of 1765 patients showed that the majority of patients used medical cannabis to treat their pain and fibromyalgia, followed by anxiety and
2018 (UK) depression. 76% of patients reported significant improvement which compared to the 8.8% that reported the same on prescription medication. https://www.upall

iance.org/patient-survey-2018

CMC Survey This nationally representative online survey of 10602 adults highlighted that the majority of respondents used medical cannabis to treat depression, high blood
(UK) pressure, and anxiety, followed by arthritis and chronic pain. A high proportion of the disease population also used cannabis to treat symptoms of PTSD and

schizophrenia. https://staticl.squarespace.com/static/5f1ebab9dfla5a6c6f4a9fd0/t/5f2afa4c0537ee75262d8157/1596652117375/Left+Behind.pdf

Altaflora App Alta Flora analyzes anonymised data on medical cannabis prescriptions registered with MedCannID, providing a unique insight into the current state of medical
(UK) cannabis in the UK as the first cross-market look at medical cannabis prescription data. Pain was the most commonly prescribed for condition (46%), followed by

fibromyalgia (21%), and psychological conditions (16%) https://alta-flora.com/en/blog/two-years-on-what-does-the-data-say/

Cannabis a A French registry of medical cannabis use, supported by the Agency for the Safety of Medicines and Health Products (ANSM), is scheduled to begin in 2021, aiming
usage medical  to collate data of 3000 patients over two years. https://www.ansm.sante.
programme fr/Dossiers/Cannabis-a-usage-medical /Appel-a-candidatures-fourniture-et-distribution-de-medicaments-a-base-de-cannabis-pour-l-experimentation/(offset) /0#
(France)

the use of CBMPs includes the widest range of conditions, most of which @® ADHD

affect relatively low number of patients but for whom there is some @ Substance Use Disorders (SUD)
limited proof of concept RCT or observational data to support the use of @® PTSD
CBMPs that warrants more research. @ Migraine

@ Schizophrenia
@ Parkinson’s Disease

@ Tourette’s Syndrome In relation to Fibromyalgia, one of the most common chronic pain
@ Skin conditions conditions treated with CBMPs by patients Alta Flora, 2020, a recent
@ Fibromyalgia RCT found that the cannabis group presented a significant decrease in
@ Glaucoma Fibromyalgia Impact Questionnaire (FIQ) score in comparison with the
@ Dementia placebo group (Chaves et al., 2020).

@ Autism Spectrum Disorders (ASD) A recent RCT of nabilone (0.25 mg before bedtime for three nights,
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Fig. 2. Strength of evidence versus prevalence of use.

then titrated up to 0.5 mg/day for the next 4 days, and up to 1-2 mg/day
the following weeks) in moderate to severe Alzheimer’s disease, found it
effective in the agitation and neuropsychiatric symptoms, although it
also had sedative and cognitive side effect (Hermann et al., 2019). Pre-
clinical research indicates that especially the non-psychoactive canna-
binoids are potential lead drug candidates for Alzheimer’s disease and
other neurodegenerative diseases (Schubert et al., 2019).

Whilst the evidence of medical cannabis efficacy for ASD and ADHD
so far is minimal (Cooper et al., 2017) RWE indicates that patients are
treating ADHD with CBMPs (Bfarm; Minnesota database), and the
anecdotal evidence of successful medical cannabis treatment for autism
spectrum disorder (ASD) is accumulating (e.g. Aran et al., 2019; Bar-Lev
Schneider et al., 2019; Fusar-Poli et al., 2020).

The antipsychotic actions of CBD have been extensively reviewed (e.
g. Jacobson et al., 2019) and cannabis is frequently reported to be used
as self-medication to treat schizophrenia (e.g. Couch, 2020; T21). A
current RCT is investigating whether cannabis and the cannabinoid
agonist dronabinol (3-5% tetrahydrocannabinol cannabis cigarette and
dronabinol 15 mg 3-5% by mouth), given in low dose to patients with
schizophrenia and co-occurring cannabis use disorder, could ameliorate
the brain reward circuit dysregulation in these patients and, thereby,
provide evidence in support of the role of cannabis as a “self--
medication” agent for them. (ClinicalTrials.gov  Identifier:
NCT01964404). CBD has also been investigated as an adjunct to anti-
psychotic treatment and in a recent double-blind parallel trial of 1000
mg of CBD a day, participants receiving CBD saw significant reductions
in their positive symptoms of psychosis, and greater improvements on
clinical global impressions scale scores (McGuire et al., 2018).

A growing number of patients also report treating their PTSD with
CBMPs (e.g. Couch, 2020; Minnesota database), and in their systematic
review on the effectiveness of cannabinoids in the treatment of PTSD,
Hindocha et al. (2019) found that cannabinoids may decrease PTSD
symptomology, particularly sleep disturbances and nightmares. How-
ever, most of the studies were small and assessed to be of low quality.
Elms et al. (2019) retrospective case series of 11 adult patients
concluded that the administration of oral CBD was associated with PTSD
symptom reduction in their patients, specifically in relation to frequent
nightmares.

There is increasing evidence to support the use of CBMPs for

treatment of Substance Use Disorders (SUD). For example, Freeman
et al. (2020) RCT of CBD to treat Cannabis Use Disorder showed efficacy
especially at 400 m/d. An open-label clinical trial supports this finding
(Solowij et al., 2018).

Wiese and Wilson-Poe (2018) highlight the potential for CBMPs as an
adjunct or alternative treatment for opioid use disorder, demonstrating
their potential (amongst others) to ease withdrawal symptoms and
cravings as well as reducing overdose deaths.

3.4. Low strength of evidence-high number of patients

Prescription registries reveal large numbers of patients are using
CBMPs to treat their arthritis, sleep disturbances, depression and anxi-
ety. Mahabir et al. (2020) found that second to unspecified chronic pain,
patients were most likely to report anxiety as their primary medical
condition, and anxiety was the most commonly reported comorbid
condition. Similarly, Sexton et al. (2016) found that the second and third
most common medical conditions that patients reported using medical
cannabis for were anxiety (58.1%) and depression (50.3%).

Anxiety is regularly one of the most frequent conditions, for which
cannabis is used by patients (Couch, 2020; T21; UPA, 2018). Especially
in relation to CBD only products, PROs stress their prevalent use for
anxiety and anxiety related disorders (e.g. Leas et al., 2020). CBD is
predominantly anxiolytic and has benefits to treat anxiety disorders
(Blessing et al., 2015). A pilot trial is currently underway to investigate
the effect of 25 mg full-spectrum CBD soft gel capsules (up to a total
dosage of 100 mg per day) on individuals with diagnosed anxiety
(ClinicalTrials.gov Identifier: NCT04267679).

To date, there is only limited RCT evidence for the treatment with
CBMPs for depression, yet in most RWE databases and surveys (e.g.
Couch, 2020; UPA, 2018), many depressive patients are self-medicating
with cannabis perhaps because depression is secondary to other chronic
disorders, such as MS and pain (Fernandez-Ruiz et al., 2020).

Black et al. (2019) conclude that there is some evidence to support
the use of CBMPs to treat the above psychiatric applications and stress
that there is only very low-quality evidence that pharmaceutical THC
(with or without CBD) leads to a small improvement in symptoms of
anxiety among individuals with other medical conditions. This stark
divergence between RWE, incorporating large numbers of PROs, and
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limited RCT evidence highlights the urgent need for further systematic
research in these areas.

3.5. Supporting pre-clinical data

Underpinning the clinical evidence base for the medicinal benefits of
cannabis and its constituent chemicals, is a very strong literature
exploring the molecular targets and mechanism of action of phyto-
cannabinoids for most of the common indications for which cannabis-
based medicines are used. However, there are caveats to the trans-
latability of some of this research. For example, most preclinical
research examines the effects of pure phytochemicals which is relevant
for the clinical use of pure THC or CBD far more patients use cannabis
extracts that are a mix of phytocannabinoids that are less well studied
preclinically. Some studies have looked at simple combinations of pure
phytocannabinoids, e.g. the combination of THC and CBD in a 1:1 ratio
(like Sativex (nabiximols)) and found this is superior to the effects of
either compound alone in preclinical models of neuropathic pain (King
et al., 2017) or epilepsy (Samarut et al., 2019). However, it is yet to be
established what the most effective combination of THC and CBD would
be in different disorders. Some registered trials are looking at 3:1 (THC:
CBD, ClinicalTrials.gov Identifier: NCT04042545) in cancer pain and
1:20 (THC:CBD, ClinicalTrials.gov Identifier:NCT03024827) in epi-
lepsy. Other combinations of phytocannabinoids that preclinical data
has shown superiority include (but are not limited to) the combination
of cannabinol (CBN) and CBD (1:1 and 5:1; Wong and Cairns, 2019).
CBDA and THC (1:1000; Rock et al., 2018) (both in analgesia). The exact
ratio and combination of phytochemicals is likely to be different for
different disease indications, and much further research is required.

3.5.1. Progress in human trials in minor cannabinoids

While preclinical data is beginning to show us the potential of minor
phytocannabinoids, published clinical research (either at case report or
clinical trial level) in this area is still lacking.

GW Pharmaceuticals investigated the potential of purified THCV on
its own, or in combination with CBD, in patients with type 2 diabetes
(Jadoon et al., 2016). While THCV (5 mg twice daily) reduced fasting
blood glucose levels in these patients in this phase 2 study, results of a
dose-ranging follow up study (ClinicalTrials.gov  Identifier:
NCT02053272) have not been published or posted, and this is no longer
in the GW pipeline.

Off the back of successful preclinical studies, GW Pharmaceuticals
trialled CBDV in adult epilepsy, however the study did not meet its
primary endpoint of seizure reduction. Purified CBDV is still being
pursued to reduce behavioural symptoms in children and young adults
with Prader Willi Syndrome (10 mg/kg/day, NCT03848481) and in
autism (NCT03202303 and NCT03849456).

3.5.2. Future applications

In the current COVID-19 pandemic, many researchers have consid-
ered repurposing medicines known for their anti-viral or anti-
inflammatory properties to tackle this global issue (or indeed future
similar viruses). Researchers have hypothesised that CBD could be used
as an anti-viral agent (Hill, 2020) or anti-inflammatory (Byrareddy and
Mohan, 2020; Costiniuk and Jenabian, 2020) tool, or to inhibit pul-
monary fibrosis in COVID-19 patients (Esposito et al., 2020).

Experimental evidence has shown that CBD is capable of down-
regulating the expression of key receptors (ACE2 and TMPRSS2) for
SARS-CoV2 in human epithelial cells (Wang et al., 2020). CBD also
downregulates the cytokine storm seen in acute respiratory distress
syndrome (ARDS) induced by viral infection in a murine model of the
mechanisms of SARS-CoV-2 (Khodadadi et al., 2020), which has been
attributed to its upregulation of apelin (Salles et al., 2020).

Because of the known growing evidence of the anxiolytic effects of
CBD, it has also been hypothesised that CBD could be used as a thera-
peutic option to treat the long-lasting COVID-19-related anxiety and
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PTSD (O’Sullivan et al., 2020), which will be a significant issue of the
pandemic. A clinical trial testing this hypothesis is registered assessing
28 days treatment with CBD (300 mg) in the treatment of burnout and
distress in frontline healthcare professionals (NCT04504877).

In addition to the use of phytocannabinoids in COVID-19, pharma-
ceutical companies are trialling the potential of the endocannabinoid-
like molecule palmitoylethanolamide (FSDPharma; ClinicalTrials.gov
Identifier: NCT04619706) and a synthetic CB2 agonist
(TetraBioPharma).

Apart from COVID-19, there are a range of other novel indications for
CBMPs in clinical research, not (yet) included in Fig. 2 but under clinical
investigation. Looking at clinicaltrials.gov, these are some areas that are
in phase 2 or 3: endometriosis (NCT04527003, NCT04527003), Bleph-
arospasm (NCT04423341), Hallux Disorders (NCT04103814), Tricho-
tillomania (NCT03530800), muscle injury (NCT04586712), Graft-
Versus-Host Disease (GVHD) (NCT03840512), Motor Neuron Disease
(NCT03690791) and Hidradenitis Suppurativa (NCT03929835).

4. Why is the evidence base still often controversial and how
can this be addressed?

For many of the conditions CBMPs are currently used for by patients,
the RCT evidence for efficacy is still limited and inconclusive for many
reasons. Reasons include lack of phase 3 trials (too expensive if not for
the development of licensed medication and the perceived resistance of
regulatory to approve cf the Sativex example), lack of government
funding around this research, difficulties in interpreting the current
evidence base because of the variety of compounds and lack of good
health economic analyses.

The lack of clinical and regulatory confidence in CBMPs is in stark
contrast with the many patient testimonies (both in the UK and in other
countries), as well as large scale observational studies where medical
cannabis is seen as an important addition to their treatment (e.g. Couch,
2020; T21; UPA, 2018). Many patients experience therapeutic satisfac-
tion when using pharmaceutical cannabis, especially in relation to pain
alleviation (Brunt et al., 2014) and report improvements in or relief of a
range of symptoms, as well as the ability to reduce or stop other medi-
cations (Stith et al., 2019).

Whilst there are concerns by physicians and policy-makers about
perceived lack of RCT evidence for many conditions, the perceptions
that RCTs are the only objective, valid evidence needs to be widened in
relation to CBMPs (Nutt et al., 2020), in order to bring this evidence
more in line with real life patient experience. Kessler and Glasgow
(2011) propose a major paradigm shift away from the gold standard of
RCTs to be able to produce research with more rapid clinical, public
health and policy impact. Such a shift should include more relevant
evidence and have a greater focus on the needs of practitioners and
patients (Kessler and Glasgow, 2011). In relation to CBMPs, current
RWE databases already have (and likely will continue to) generated
huge amounts of evidence for their use, often for conditions for which
RCT evidence is still lacking or may never be obtained.

The RWE shown above is now building up to a pattern of evidence,
emphasizing the effectiveness of using medical cannabis to treat pain
syndromes as well as various psychiatric conditions. Including ‘quali-
tative’ evidence does not diminish the value of RCTs but rather com-
plement them and serve as a precursor to later studies (Nutt et al., 2020).

Using RWE of course also has limitations, not least the lack of ho-
mogeneity between databases. Future research might aim to rectify this,
systematically providing exact numbers of patients, conditions and side
effects. The recent Health Innovation Conference (Nov 2020)" focused
on the European Health Data Space and stressed that RWE is indeed
necessary for better access to new important medicines, of which

! https://rweddecisions.com/event/health-innovation-the-european-health-
data-space-and-real-world-evidence/.
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cannabis is certainly one. Ideally there should be a network of databases,
with international guidelines for collecting RWE on CBMPs. Our present
summary already shows many similarities between databases, and a
network of databases could build up to a pattern of evidence which is
larger than the sum of its parts.

5. Conclusions

Medical cannabis exerts numerous therapeutic effects, as it has
antispastic, analgesic, antiemetic, neuroprotective, and anti-
inflammatory actions. Cannabis in its many forms has vast untapped
potential for human clinical applications, as it is a medicine which can
be highly personalised.

By including RWE, we highlight the conditions that patients are
seeking CBMPs for most often. Most of these applications would benefit
from further clinical evidence. Because of the lack of RCT evidence, it is
important to incorporate RWE and PROs which might show avenues for
future applications. Unlike with other medicines, the development of
medical cannabis has been driven by patient use with reported benefits,
with science, industry and policy-makers having to catch up.

Rigorous clinical trials investigating the use of medical cannabis to
treat various conditions, including psychiatric conditions such as anxi-
ety, insomnia, depression and PTSD are still required and likely would
benefit a large number of patients especially as many of the conditions
are lacking satisfactory treatments currently. In the meantime, there is
also a need to develop further guidance for prescribers. Simultaneously,
it is vital to further mature current databases, such as T21, BFarm, and
initiate the new French registry proposed for 2021 to develop longitu-
dinal real life outcome data.
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