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ABSTRACT

Interest in medical cannabis and cannabis-
based medicinal products (CBMPs) has increased
greatly in recent years. Two cannabinoids are of
principal importance; delta-9-tetrahydrocannab-
inol (A9-THC), the primary psychoactive com-
ponent, and also cannabidiol (CBD), considered
non-intoxicating. Each has distinct mechanisms
of action and different therapeutic potentials.
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CBMPs differ in their A9-THC and CBD com-
ponents; predominantly A9-THC, balanced for-
mulations with equivalent A9-THC and CBD
elements, and CBD-predominant products. In
this narrative review, we evaluate the published
evidence for the clinical benefits of CBMPs and
overall benefits in well-being. We also review the
overall safety profile and discuss the potential
for dependence with CBMPs. Evidence can be
drawn from a wide range of randomized and
other controlled studies and from observational
real-world studies. Most data from observational
registry studies are supportive of A9-THC-based
products (A9-THC-predominant or balanced
CBMPs) in the management of chronic neuro-
pathic pain. Balanced products are also effective
in reducing spasticity in multiple sclerosis. Most
CBMPs show benefit in providing symptomatic
benefits in reducing anxiety, nausea, and in
improving sleep, but the place of specific prod-
ucts is more subtle, and choice guided by specific
circumstances. Symptomatic improvements are
accompanied by improved quality of life and
well-being. Safety data indicate that CBMPs are
generally well tolerated in most patients with-
out specific contraindications. The majority of
adverse effects are non-serious, and transient;
most are principally associated with A9-THC and
are dose-dependent. In contrast to recreational
cannabis use, there is little evidence from clini-
cal studies that CBMPs have any potential for
dependence.
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Key Summary Points

There is continued interest in use of medi-
cal cannabis and cannabis-based medicinal
products (CBMPs) in the management of a
diverse range of symptoms. A wide range of
products exist, chiefly differentiated by the
major active agent; i.e., delta-9-tetrahydro-
cannabinol (A9-THC)-based, cannabidiol
(CBD)-based, and more balanced A9-THC/
CBD formulations.

There is a clear need for improved training
and education of healthcare professionals to
help inform patients about medical cannabis
and CBMPs. This review describes the exist-
ing evidence from clinical studies and real-
world data for the use of CBMPs in clinical
practice.

There is a place for A9-THC-based products
in chronic neuropathic pain management in
some patients, and A9-THC/CBD products
in spasticity. CBMPs can also provide symp-
tomatic relief in various conditions (e.g.,
nausea and vomiting, sleep disturbance, and
anxiety).

CBMPs are generally well tolerated, and most
adverse effects are minor and short-lived.
Although specific data are limited, there is lit-
tle evidence for any addictive potential.

INTRODUCTION

Until relatively recently, clinical use of medic-
inal cannabis and allied cannabis-based or
related medicinal products (called here CBMPs)
was rather restricted, chiefly to use of a small
number of licensed medications in specific indi-
cations [1-4]. Such agents are now increasingly
studied for their therapeutic effects in a diverse

range of clinical conditions and symptoms [5-7],
and interest and use are expanding, particularly
for managing neuropathic and chronic non-
cancer pain [8-11], symptomatic relief in mul-
tiple sclerosis (MS) [12, 13], in supportive can-
cer care and in palliative care [14-17]. In part,
this reflects legislative evolutions surrounding
recreational cannabis use and a global shift in
positive attitudes towards use of medicinal can-
nabis/CBMPs by medical professionals [18-21]
and by patients [22-31]. As a reminder, recrea-
tional cannabis use has been formally legalized
in some countries, e.g., Canada, Uruguay, and
Malta, and across many jurisdictions within the
United States (US), with more regulated legal
supply also allowed in e.g., Switzerland and
the Netherlands [32]. Furthermore, recreational
cannabis use has been decriminalized (i.e., the
removal of criminal penalties) in more than
30 countries, including Australia and Israel
[33]. This has been accompanied by legisla-
tive changes allowing broader regulated use of
medicinal cannabis in many countries such as
the United States, Canada, Israel, and Australia
[21, 34-37]. Within Europe, although access to
medicinal cannabis remains more restricted, pre-
scribed use is allowed in a number of countries
including Italy, France, Germany, the United
Kingdom (UK), Greece, the Netherlands, Den-
mark, and Luxembourg [38-40].

Consequently, medical cannabis and CBMPs
are increasingly used by patients with a wide
range of chronic medical conditions for symp-
tom relief and to improve quality of life (QoL).
In the US, the proportion of patients hospi-
talized with chronic pain reporting cannabis
use doubled between 2011 and 2015, while in
Canada, one large survey of patients living with
chronic pain reported the prevalence of can-
nabis use for pain management was 30.1% [22,
23]. Surveys of patients with cancer conducted
in the US, Canada, and in Europe reported use
in between 13% and 70% of patients [24-28].
Principal reasons of this use was relief of various
physical symptoms (e.g., pain or nausea and
vomiting during active anticancer therapy) and
also for broader psychological support (reducing
anxiety/stress or improving mood and sleep) [24,
25, 41]. Note that although patients may report
use for a potential anti-cancer effect [24, 27],
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with some supportive preclinical data [42-45],
there are a lack of clinical data for any such ben-
efit [42, 45]. Medical cannabis and CBMP use has
also been described in patients with MS. A recent
survey conducted in more than 3000 patients
within the North American Research Commit-
tee on Multiple Sclerosis (NARCOMS) Registry
found that 31% reported cannabis use at some
point of their health pathway to treat their MS
symptoms, with 20% reporting current use [31].
Surveys conducted in Canada, Spain, and France
also reported use in between 19% and 23% of
patients with MS [29, 46]. In these patients, use
of medical cannabis or CMBPs was chiefly for
symptomatic relief, mainly pain, spasticity, and
sleep disruption, with greater use observed in
patients with more severe symptoms [29, 31,
46-48].

These observational data require clinicians to
be fully informed on benefits and risks to help
decision-making when considering prescrib-
ing medical cannabis or CBMP, and to provide
appropriate patient guidance. However, clinician
surveys conducted across a range of countries
indicate that knowledge is often inadequate,
with clinicians often uncomfortable in patient
discussions and enquiries [49-52]. There is thus
a clear need for improved training and educa-
tion of HCPs to help inform patients about med-
ical cannabis and CBMPs.

As outlined below, such uncertainty around
medicinal cannabis and CBMPs arises from a
number of factors, including firstly the diverse
range of agents and preparations used and the
accompanying terminology, and secondly the
interpretation of the relevant literature. The two
principal bioactive components within Cannabis
sativa and most medicinal cannabis preparations
and CBMPs are delta-9-tetrahydrocannabinol
(A9-THC), the primary highly psychoactive
component, and cannabidiol (CBD), considered
as low psychoactive and non-intoxicating [53].
Other components include terpenes and flavo-
noids, as yet mainly investigated in the preclin-
ical setting [54], and cannabigerol (often used
as a nutritional supplement) although clinical
data are limited [55, 56]. Medical cannabis and
CBMPs vary in their constituent A9-THC and
CBD components and concentrations, and in
their source, i.e., whether derived from natural

botanical extracts (‘phytocannabinoids’) or
as manufactured synthetic analogs (‘synthetic
cannabinoids’) [53]. These are available either
as licensed medical agents [1-4], or within a
diverse range of prescribed ‘medical cannabis’
and CBMPs (often given under conditional,
regulated medicinal use, e.g., in patient regis-
tries) [57-60]. Note that a variety of terms are
used in the supporting literature, and to some
extent in the present review. There is no single
standard definition. Here we chiefly use ‘medical
cannabis’ in the context of those preparations
containing A9-THC and/or CBD, and where the
study authors use this same terminology in their
reporting. Similarly, for CBMPs, in this review
we focus on A9-THC and/or CBD preparations,
again where the study authors use similar termi-
nology. While to some extent these terms (medi-
cal cannabis and CBMPs) can be interchange-
able, it remains important to specify the nature
of each (in terms of their 9-THC and CBD com-
ponents) to provide the necessary context to the
clinical effects we report.

The existing evidence base for benefit and
risks associated with medical cannabis and
CBMPs use is large and extensively evaluated,
with a recent umbrella review reporting across
101 metanalyses of clinical studies [61]. Along-
side this, there has been a dramatic increase
in the number of clinical studies evaluating
medical cannabis and CBMPs in recent years
[62]. The sheer volume of existing and emerg-
ing data, often involving diverse agents utiliz-
ing different A9-THC and CBD combinations
(sometimes at uncertain concentrations and
unclear dosing details), can be difficult to inter-
pret [61, 63]. Indeed, this is often cited by poorly
experienced physicians when trying to provide
patient guidance [20, 64]. One concern relates
to product safety, in particular the potential for
adverse effects and any potential for dependance
or addiction associated with the A9-THC com-
ponent [39, 65, 66].

The aim of the present narrative review is
to synthesize the current knowledge regarding
some benefits of medical cannabis and CBMPs
and the safety including all potential risks asso-
ciated with their use. In this, our focus will be
on phytocannabinoid preparations incorporat-
ing A9-THC and CBD derived as natural extracts,
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rather than synthetic A9-THC agents (dronabi-
nol, nabilone) [1, 2]. Also, while a natural puri-
fied CBD oil extract (Epidiolex®) is currently
used for seizure control in some pediatric sei-
zure disorders [3], our review will focus on medi-
cal cannabis and CBMPs use in adults. Hence,
the focus will be on certain medical conditions
including pain, multiple sclerosis, cancer and
palliative care, but not epilepsy.

SEARCH STRATEGY

To inform the review, an electronic search of
PubMed was performed between 11 and 13
March 2023 using different combinations of
MeSH terms and keywords with Boolean opera-
tors to identify and retrieve articles spanning
three areas of interest: (1) efficacy of phytocan-
nabinoids in neuropathic pain, spasticity and
cancer symptoms; (2) safety profile of these can-
nabinoids in these conditions; and (3) addictive
potential in all indications and comparative
safety of medical versus recreational cannabis.
The process is fully described in the Supple-
mentary Appendix and Supplementary Table 1.
Additionally, subsequent ad hoc searches, along
with continued citation chasing and snowball
sampling, was used to remain up to date with
emerging literature. Although comprehensive,
this approach is not formally systematic and
is not presented or reported as such, since the
aim is to identify the most relevant literature
to ultimately develop a broad current overview
of efficacy and safety for clinical use of natural
extracts of cannabis among cannabis products.
This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

OVERVIEW ON THE MEDICAL USE
OF CANNABIS NATURAL EXTRACTS

Mode of Action of Cannabinoids

Cannabinoids exert their effects principally
by acting on receptors within the endogenous
cannabinoid system (ECS) [53, 67-69]. Spe-
cific ECS receptors are mainly cannabinoid-1
receptor (CB1), expressed preferentially across
much of the central nervous system and also
within the peripheral nervous system, and can-
nabinoid-2 receptor (CB2), expressed chiefly
by leucocytes and within immune tissues
(e.g., thymus, spleen, and bone marrow) [69].
A9-THC acts as a strong CB1 and a low CB2
agonist, with numerous downstream effects.
CB1 agonism impacts gamma-aminobutyric
acid, glutamine, and dopamine physiology
in the brain, largely responsible for A9-THC's
psychoactive effects (e.g., intoxication, eupho-
ria, or increased appetite), but also with puta-
tive antinociceptive effects on persistent pain
[53, 68]. Such actions are also responsible for
many of the recognized adverse effects includ-
ing anxiety, sedation, and potential increased
risk for cannabis use disorder. The mechanism
of action for CBD is more complex and less
fully understood, and less direct [69, 70]. Itis a
relatively low agonist of CB1, and while it may
act by indirectly blocking A9-THC-mediated
CB1 stimulation, its actions and interactions
also involve a broad range of receptors within
the ECS and other pathways within the central
nervous system, including an agonistic central
effect on serotonin SHT-;, and dopamine D2
receptors and a peripheral effect on TRP recep-
tor family [69, 70]. As discussed later, while
some observational data suggest that CBD
may attenuate any acute psychotropic effect
of A9-THC with some supportive evidence of
a benefit in clinical studies [71, 72], possibly
through an indirect effect on CB1 agonism,
recent data from small RCTs indicate that the
resulting effect of such interaction is limited
[73-75].
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Characteristics of Medical Cannabis and
CBMPs

Much of the uncertainty around the clinical
use of medical cannabis and CBMPs relates
to the substantial heterogeneity of available
product types. Indeed, what constitutes “medi-
cal cannabis” can be unclear or confusing at
times, as definitions and terminology often
span a range of product formulations, with
widely different A9-THC and CBD components,
concentrations, delivery, and absolute dosing
[57, 58, 63, 76, 77]. In alignment with others,
medical cannabis and CBMPs are each used as
broad terms in the present review, in part to
reflect terms used across different studies and
reviews [63, 78], although where possible, with
qualifications as to relevant A9-THC and CBD
components, concentration, and dosage. Some
medical cannabis preparations are predomi-
nantly A9-THC-based, while others (generally
referred to as hemp products) are almost exclu-
sively CBD (with<0.3% A9-THC) (5, 34, 79].
One particular concern is the A9-THC compo-
nent of medicinal cannabis and CBMPs, with
potential for adverse effects and even depend-
ance issues [39, 65], a consideration that may
only increase, given the trend towards greater
A9-THC concentrations in medical cannabis
preparations in some countries [80-82]. CBD-
predominant products are generally subject to
less restrictive regulation, chiefly as CBD prod-
ucts have no obvious intoxicating or psychod-
ysleptic effects [83-85], and so less concerns
exist [39]. Indeed, CBD-rich products with
minimal or no A9-THC are widely available as
non-prescribed over-the-counter (OTC) prepa-
rations in many countries [86-88].

Some CBMPs comprise both THC and CBD
in more equivalent ratios [89]. Of these, nabixi-
mols, formulated as an oromucosal spray con-
taining balanced quantities of both A9-THC
and CBD, is most widely studied and clini-
cally used [4, 90-92]. Nabiximols is licensed
for the treatment of spasticity in a broad range
of European countries [4, 93] (although not
available in France [48]), and also licensed
in Canada and elsewhere (e.g., Israel, Brazil,
Colombia, Chile, New Zealand) [4]. However,

for other CBMPs, and indeed some products
described as medical cannabis preparations,
this distinction as to whether a product is
A9-THC-rich, CBD-rich, or equivalent, is less
clear-cut, as is the most optimal A9-THC:CBD
ratio, which are often poorly documented or
reported in clinical studies [63, 65, 89]. In
addition, A9-THC and CBD ratios and con-
centrations are only one consideration [63,
94]. Products with specific A9-THC and CBD
concentrations may deliver vastly different
absolute doses depending on the formulation
(tablet or capsule, oil, resin, or flower prepa-
ration) and administration route, oral (inges-
tion, mucosal spray, or sublingual tablet) or
inhalation (smoking or vaporization), which
each influence pharmacokinetics (onset and
duration of effect) [95]. In general, inhalation
(whether smoked or vaporized) has a more
rapid absorption and onset (within 5-10 min
and lasting for 2-4 h) than oral routes, with
oromucosal delivery more rapid than oral
ingestion (within 15-45 min and 1-3 h respec-
tively), each lasting for 6-8 h [95].

These various aspects present a challenge
when evaluating efficacy and safety outcomes
from clinical studies, in particular where details
on A9-THC and CBD concentrations, ratios, and
absolute dosing are limited [63, 89]. This is espe-
cially true in real-world studies where individu-
als take one or more preparations during such
studies, and often use multiple administration
routes [57, 58].

The Evidence Base for Medical Cannabis and
CBMP Use

There is a wealth of data from clinical studies
pertaining to the benefits and risks of medical
cannabis and CBMPs. Numerous randomized
and observational studies have been reported
and evaluated further via systematic reviews
or/with meta-analysis, particularly examin-
ing efficacy and safety in chronic pain [7, 10,
11, 96-108], cancer-associated pain [14, 102,
104, 107, 109-111], and in symptomatic man-
agement of MS [12, 13, 90, 92]. This list is by
no means exhaustive, and encompasses data
from hundreds of RCTs and controlled or
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observational studies (see Solmi et al. [61]).
While such data provide supportive evidence
into the benefits and risks of CBMPs discussed
below, many studies evaluate short-term use,
which may not reflect real-word use. Further-
more, studies are highly heterogeneous in terms
of design and sample size (usually small), CBMP
characteristics, and in outcomes and assess-
ments. Overall, the quality of evidence from
such studies has been considered to be relatively
low [10, 63]. Inadequate blinding and high
expectations on treatment effect from study
participants may moreover impact self-reported
outcome measures evaluating pain or other out-
comes [101, 112, 113].

Additional insight can be gained from observa-
tional data reported from medical cannabis regis-
tries that prospectively collect longitudinal data
from individuals provided prescribed medicinal
cannabis products. Numerous registries are now
in place worldwide, often involving and reporting
on substantial patient numbers [114]. For exam-
ple, one commercially sponsored registry in the
United States has reported on patient character-
istics on over 60,000 patients (although to date
outcome data are not reported) [115]. In Canada,
the Quebec Cannabis Registry (QCR) involves
almost 3000 patients [59], while the Australian
Emyria Clinical e-Registry (AECeR) reports on
over 4000 patients [116], and an extensive regis-
try in Israel involves more than 10,000 patients,
many>65 years of age [34, 57, 58]. Others such as
the UK Medical Cannabis Registry (UKMCR) also
report outcomes on large patient numbers [60],
while the Project Twenty21 collaboration in both
the UK and Australia also report data [117-120].
As described below, these registries provide valu-
able insight for benefits and safety of medical can-
nabis products in all its forms in real-world use
[77]. Some usual caveats should however be con-
sidered. Registries often provide and report on a
diverse range of cannabis preparations, with dif-
terent A9-THC and CBD compositions (in broad
terms, A9-THC-rich, CBD-rich, and balanced for-
mulations), often as specific commercially avail-
able medical cannabis products. Moreover, these
products often deliver a range of absolute A9-THC
and CBD doses delivered in different forms and
routes (e.g., inhaled either smoked or as vaporized
flowers, or sublingual oils), and patients may use a

combination of products. For example, one impor-
tant registry in Israel includes over 10,000 patients
with chronic medical conditions, including can-
cer, many of whom are elderly using a suite of
medical cannabis preparations [34, 57, 58]. Some
are A9-THC-rich (between 18% and 28% A9-THC
with minimal CBD), some with equal A9-THC and
CBD concentrations (approximately 15% of each),
and others are exclusively CBD [57, 58]. Some are
inhaled (smoked or vaporized), delivering high
A9-THC and CBD doses of between 54 and 57 mg
A9-THC and 39 mg CBD per administration; oth-
ers are given as sublingual oils or gels, delivering
lower doses (approximately 10% of inhaled doses)
(Table 1). Finally, the majority of these patients
take more than one form, and frequency of use
varies [57, 58]. Other registries that report clini-
cal outcomes also use a range of products, where
patients may use more than one specific form [59,
60, 116-118, 121-127].

While reporting outcome data from such reg-
istries, defining and interpreting the benefits and
safety of specific preparations (and drawing com-
parisons on the benefit and safety of A9-THC-rich,
CBD-rich, and balanced formulations) is challeng-
ing. An additional caveat is that related to exist-
ing recreational/non-prescribed cannabis use by
patients within such registries. While some such
as the AECeR report almost exclusively on indi-
viduals not currently taking cannabis prior to
entry [116], others such as the UKMCR include
often substantial numbers of previous or current
consumers, and who may continue with such
use [60]. While this may influence some out-
comes and can obscure conclusions from some
of the findings, on balance it would seem of some
value to report on these. All these points should
be taken into account when considering the data
reported below.

BENEFITS IN PAIN MANAGEMENT

Neuropathic and Chronic Pain

Numerous studies have evaluated medical
cannabis or CBMPs to alleviate neuropathic
and other forms of chronic non-cancer pain,
appraised in a large number of recent systematic
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Table 1 lustrative A9-THC and CBD dosing in studies evaluating efficacy and safety of CBMPs

Agent A9-THC compositionand ~ CBD composition and dos-
dosing* ing*
Licensed agents Nabiximols (oromucosal 2.7mg A9-THC per 100 pul 2.5 mg CBD per 100 pl

spray) [92]

CBMPs in cannabis registries

Israel [S8] Inhaled (smoked or vapor-
ized)
Oral (sublingual oil)
Australia (AECeR) [116]  Oral (sublingual oil)
United Kingdom Oral (sublingual oil)
(UKMCR) [123] Inhaled (vaporized)

Combined use

Typical mean daily dose: 4-7
sprays (approx. 11-19 mg)

18% A9-THC delivering
54-57 mg A9-THC per
administration

Typical daily dose: 170—
220 mg

18% A9-THC delivering
5.2-5.7 mg A9-THC per
administration

Typical daily dose: 15 mg
Typical daily dose: 10 mg
Typical daily dose: 10 mg

Typical daily dose: 125 mg
Typical daily dose: 125 mg

Typical median daily dose: 4.4
sprays (approx.10-17.5 mg)

15% CBD delivering 39 mg
CBD per administration

Typical daily dose: 170 mg

15% CBD delivering 3.9 mg
CBD per administration
Typical daily dose: 30 mg

Typical daily dose: 22.5 mg
Typical daily dose: 20 mg

Typical daily dose: 2.5 mg
Typical daily dose: 20 mg

*Represents typical daily dosing

AECeR Australian Emyria Clinical e-Registry, 49-THC delta-9-tetrahydrocannabinol, CBD cannabidiol, CBMPs cannabis-
based medicinal products, UKMCR UK Medical Cannabis Registry

reviews (and meta-analyses) [7, 10, 96-106].
These studies span a wide range of products
and A9-THC and CBD formulations and com-
position. Overall, greater benefit would seem to
be associated with A9-THC-predominant prod-
ucts. This is borne out by systematic reviews
and meta-analyses of RCTs evaluating synthetic
A9-THC oral formulations such as nabilone,
where one recent meta-analysis has shown
this to be associated with moderate improve-
ment in pain, with a mean reduction in severity
scores (rated between 0 and 10) of — 1.59 (95%
Cl, - 2.49 to - 0.82] [10].

Looking specifically at plant-based extracts,
studies evaluating predominantly A9-THC med-
ical cannabis products report benefits in pain
reduction. One meta-analysis of RCTs evaluating
use of inhaled medical cannabis found this pro-
vides short-term relief in patients with chronic

neuropathic pain, with one in five patients
reporting >30% improvement from baseline pain
VAS scores [108]. Observational data from reg-
istries also report improvements with A9-THC-
rich products. One study from Israel, reporting
on use of different CBMPs although predomi-
nantly A9-THC-rich CBMPs (mostly inhaled)
over 6-months in over 2000 patients with neu-
ropathic pain, found that treatment success
(defined as a moderate or significant improve-
ment in pain without treatment cessation or
serious AE) was reported in 77.4% of patients,
with reduced use of opioid or other analgesic
medications [58]. While most outcomes were
not reported in terms of specific products, a
sub-group analysis showed better outcomes
in patients using A9-THC-predominant prepa-
rations than with CBD-rich forms [58]. The
UKMCR also reports pain improvements in
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patients with chronic pain using chiefly A9-THC-
predominant regimens [123]. In one report from
the UK Project Twenty21 collaboration, reduc-
tion in chronic pain with 9-THC-dominant
flower and oil preparations were observed, and
where over 50% of patients discontinued opioid
use [117]. Some benefit in other specific chronic
pain conditions such as fibromyalgia has also
been reported. While randomized studies show
generally little evidence of benefit [128, 129],
Israel registry data report use of predominantly
9-THC-rich products (oral/inhaled) resulted in
significant improvements in pain intensity NRS
scores from baseline (from 9.0 to 5.0), in particu-
lar in those with intense pain prior to treatment,
and where opioid use also reduced significantly
[130].

Balanced A9-THC: CBD agents such as nabixi-
mols also show improvements in chronic pain
in placebo-controlled studies [131]. Recent
metanalyses of RCTs have found small improve-
ments with nabiximols in mean pain scores
compared with placebo, although relatively
small (mean reduction in severity scores rated
between 0 and 10 of between 0.4 and 0.5)
[10, 132]. Data from observational studies and
patient registries also show benefits in allevi-
ating chronic pain, and can provide a greater
understanding of mixed A9-THC/CBD formula-
tions. For example, nabiximols may be useful as
an adjunctive therapy; the German Pain e-Reg-
istry has reported on such use in 800 patients
with refractory chronic pain, where significant
improvements in pain measures were observed,
with 67% reporting > 50% improvement in pain
intensity rates after 12 weeks [133]. Benefit
was greater in those patients with neuropathic
pain, where >50% improvement was reported
in 94% [133]. A reduction in analgesic use was
also observed, including opioids [131, 133].
Nabiximols also shows benefit in patients with
MS, where in addition to alleviating spasticity
scores (described further below) RCTs and obser-
vational studies also show significant reduction
in pain intensity scores, although mainly small
(between 0.5 and 2.7 points on a 0 to 10 NRS)
[131]. A recent Australian study evaluating real-
world use of balanced A9-THC and CBD doses
(25 mg daily) over 3 months found that 32.9%

of patients reported a meaningful improvement
in pain intensity scores [134].

Studies evaluating CBD-predominant prod-
ucts show more mixed results. RCTs examin-
ing such products for use in the management
of neuropathic pain are limited and few con-
clusions can be made [10, 85, 105, 135]. Some
smaller studies evaluating investigational
CBD-rich oral or inhaled products have shown
improvements in patient-reported outcomes
(PROs) related to pain intensity/severity in
patients with chronic pain including fibromy-
algia [136, 137]. Some registries report on out-
comes in patients with chronic pain receiving a
mixture of A9-THC-rich and CBD-rich formula-
tions (but where overall CBD dosage is higher).
In Australia, the AECeR has reported on 1651
patients with pain receiving a median total daily
oral dose of 10 mg A9-THC and 22.5 mg CBD.
Across the overall cohort, significant improve-
ments of approximately 25% were observed for
both pain interference and severity, sustained
for up to 2 years [116]. One recent study from
the UKMCR registry reported on the use of dif-
ferent oral products (mean initial starting dose
of 20 mg CBD and 2.0 mg A9-THC) with 25%
receiving flower preparations, with statistically
significant improvements compared to baseline
seen at 1, 3, and 6 months across a range of pain
PROs, including the BPI, VAS pain scores, and
Short-Form McGill Pain Questionnaire-2 [121].
Another study reporting outcomes on those
receiving more balanced CBD-predominant
oils (median daily dosing of 20 mg CBD and
10 mg A9-THC) also showed similar improve-
ments in these measures after 6 months [123].
In this latter study, benefits were similar regard-
less of any current recreational cannabis use
[123]. Another retrospective observational study
evaluating use of exclusively CBD-rich products
within a specialized clinic in Canada (with 75%
managed for chronic pain), reported significant
improvements in Edmonton Symptom Assess-
ment Scale-revised version (ESAS-r) pain scores
after 3 months of treatment, with improvements
greater in those with more severe baseline pain
[138].

In summary, although evidence from ran-
domized clinical studies is limited, data from
real-word observational studies suggest that
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THC-rich natural extracts of cannabis may pro-
vide an often substantial benefit on pain and
its consequences in some patients with chronic
neuropathic pain.

Cancer Pain

Overall, the evidence from randomized studies
for the benefit of CBMPs in alleviating cancer
pain is more limited [16]. Most randomized
studies have investigated nabiximols (with com-
parable A9-THC and CBD) and while some have
found improved pain scores (either as a change
in Numerical Rating Scale [NRS] scores from
baseline, or reduction in pain intensity scores)
[139, 140], others have found no benefit [141].
One recent meta-analysis of RCTs found no
significant difference in mean NRS pain scores
between nabiximols and placebo [110]. Simi-
lar conclusions can be drawn from other such
reviews [14, 102, 107, 109]. There is a lack of
RCT data for other CBMPs [16].

Observational real-world use provides some
support for A9-THC-rich and balanced A9-THC/
CBD CBMPs. For example, a large prospective
study from the Israel registry involving 2970
patients (over 90% receiving a A9-THC-rich
product, although administration was not
stated) reported a significant reduction in the
number of patients reporting intense pain after
6 months (4.6%) compared to treatment initia-
tion (52.9%) [57]. Opioid and other analgesic
use was also lower at this time-point, with 36%
of patients stopping opioid use [57]. In Canada,
the QCR has reported on use of both A9-THC-
rich, balanced A9-THC:CBD and CBD-dominant
products (orally, inhaled or both) in patients
with cancer with significant pain in a number
of publications [125, 126]. These report statisti-
cally significant decreases in a range of indica-
tors of pain intensity and severity at 3 months,
sustained for up to 12 months with all three
product types [125, 126], although more fre-
quently seen with balanced A9-THC:CBD prod-
uct, with a reduction in analgesic and opioid use
also observed [126].

BENEFITS IN MULTIPLE SCLEROSIS

Efficacy in MS spasticity has been extensively
investigated in RCTs and longitudinal studies
evaluating nabiximols, with a wealth of real-
world data [4, 7, 12, 13, 90, 103]. These indicate
substantial benefit. Up to 40% of those patients
showing an initial response (considered as those
with >20% improvement in their baseline spas-
ticity NRS score within 4 weeks) will achieve
durable responses. Continued treatment (mean
dosages of 6-7 sprays/day) results in sustained
improvement (=30% improvement from base-
line NRS) for response) [4, 7, 12, 90, 103]. A
recent post hoc analysis of two RCTs (GWSP0604
[142] and SAVANT [143]) found that use of
nabiximols as an adjunct to baclofen led to a
significant, sustained reduction in spasticity NRS
scores over 12 weeks, and reduced average daily
spasm count by 19-35% compared with placebo
[144]. A systematic review of real-world obser-
vational studies evaluating nabiximols found
that the proportion of patients achieving >20%
reduction from baseline spasticity NRS scores
ranged from 41.9% to 82.9% after 4 weeks, with
benefits maintained over 6-12 months [13].
Spasticity improvement was also accompanied
by improvement in pain intensity scores [131].

There are at present limited data from patient
registry data for patients with MS [116, 145].
Some insight can be gained from reports of
real-world use in patients with MS, with sur-
veys recently conducted in the United States,
Canada, and in Europe (Spain, France) report-
ing current use of medicinal cannabis products
in between 20% and 50% of patients surveyed,
chiefly to alleviate spasticity symptoms [31,
46-48, 146]. Although outcome data are not
always described, and details on product type are
lacking, improvement in spasticity symptoms
are reported in 70% of respondents in Canada
and in France, with over 75% of French respond-
ents also reporting improvement in pain and in
sleep [47, 48]. In summary, there is evidence
from randomized and observational studies for
improvement in spasticity symptoms in some
patients with MS using CMBPs.
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ADDITIONAL SYMPTOMATIC
BENEFITS

Beyond the use of CBMPs to alleviate specific
symptoms (e.g., chronic pain, spasticity), there
is some evidence for a benefit in a broader range
of symptoms in chronic pain, cancer, and MS
such as chemotherapy-induced nausea or vom-
iting (CINV), anxiety, depression, and sleep
disturbance. Much of this can be drawn from
reports of real-world use within cannabis reg-
istries, although again with the caveat that as
these often utilize a range of products with dif-
terent A9-THC and CBD quantities.

Registry reports indicate benefits in reduc-
ing nausea, as measured by patient-reported
improvement and a concomitant reduction
in anti-emetic agent use. For example, reports
from the Israel registry, which utilizes mainly
inhaled A9-THC-rich preparations, indicate sub-
stantial improvements in nausea (as measured
by the number of patients reporting reduced or
cessation of symptoms and reduced use of anti-
emetics) in patients with chronic pain and also
within the palliative cancer care setting [57, 58].
In patients with cancer, symptom improvement
was reported by 91% of patients after 6 months,
with 67% discontinuing anti-emetic use [57].
This registry also reports improvements in psy-
chological symptoms, where 84% of patients
with cancer reported improvement in anxiety
and depressive symptoms, and approximately
25% reporting stopping anxiolytic medications
[57].

Benefits of a reduction in anxiety is also
widely reported from registries using CBMPs.
In the German pain registry, 84% of patients
with neuropathic pain receiving nabiximols
reported 2 50% improvement in anxiety scores
[133]. Recent reports from the UKMCR on
individuals with generalized anxiety disorder
have shown that use of either A9-THC-rich,
balanced or CBD-rich preparations in indi-
viduals with generalized anxiety disorder led
to significant improvement in the EQ-5D-5L
depression and anxiety subscale scores and in
Generalized Anxiety and Depression-7 (GAD-7)
scores after 3 months, with greatest benefit in
those receiving CBD-rich oil preparations [147].

Other reports from this registry have shown a
reduction in these outcomes after 3 months in
patients with chronic pain receiving A9-THC-
rich and/or CBD predominant preparations [121,
123, 124]. In Australia, the AECeR reports that
use of combined oral CBMPs (approximately 2:1
ratio for CBD and A9-THC) for 12 months led
to small improvements in Depression Anxiety
Stress Scale scores, with these observed as early
as 3 months, and sustained over 24 months
[116]. Data from Canada suggests that in addi-
tion to pain relief, use of CBD-predominant
products in patients with cancer is also associ-
ated with improved ESAS-r anxiety and depres-
sion symptoms scores over 12 months [125,
126], and that use of exclusively CBD-rich prod-
ucts can reduce anxiety and depression scores
in patients with chronic non-cancer pain [138].
Beyond these data, studies evaluating any bene-
fit of CBMPs for overt depression are sparse. One
recent case series from the UKMCR reporting on
patients with a primary diagnosis of depression
receiving a mixture of A9-THC-rich and CBD-
rich products reported statistically significant
reductions in Patient Health Questionnaire-9
(PHQ-9) scores at 1, 3, and 6 months as well as
improvements in EQ-5D-5L anxiety/depression
subscale scores and GAD-7 scores [148].
Patients often take CBMPs for sleep improve-
ment, but the literature on the place of cannabi-
noids in sleep disturbance is conflicting [149].
Some reviews conclude that cannabinoids have
a limited effect [150, 151], and indeed may
adversely impact sleep and may trigger or exac-
erbate insomnia, in particular A9-THC-rich prod-
ucts [149, 151]. Systematic reviews with meta-
analysis of RCTs spanning a range of A9-THC
products have concluded that there is some ben-
efit in individuals with chronic pain [152, 153].
These found significant improvements in sleep
quality in those with chronic neuropathic pain
and also cancer-associated pain, although these
were considered relatively small, involving <10%
of patients [152, 153]. Data from studies evalu-
ating sleep improvement with nabiximols as a
secondary outcome show inconsistent findings.
Some benefit is reported in patients with MS
and cancer-associated pain [140, 154, 155], and
longer-term observational data from the German
Pain e-Registry reports improved sleep in 70%
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of patients with neuropathic pain [133]. Simi-
larly, a small Australian study evaluating A9-THC
and CBD doses (each at 25 mg daily) reported
that 49.3% of patients reported a meaningful
improvement in sleep over 3 months [134]. Note
that this study also reported improved fatigue in
39% [134]. For CBD alone, results are inconsist-
ent, although one recently reported RCT evaluat-
ing CBD found that 15 mg of CBD taken at night
reduced self-reported sleep disturbance over
4 weeks [156]. Sleep improvement is anyway
widely reported in cannabis registry cohorts. In
Israel, sleep improvement (less disturbance) was
reported in 87% of patients with cancer (receiv-
ing predominantly inhaled A9-THC-rich prepa-
rations), and with reduced use of sedative medi-
cations [57]. Similar findings were subsequently
reported across a larger cohort, involving both
patients with chronic pain and with cancer (with
89% reporting improved sleep) [58]. In patients
receiving chiefly CBD-predominant regimens
such as those with chronic pain included in the
AECeR (median total daily oral dose of 10 mg
A9-THC and 22.5 mg CBD), a significant sus-
tained reduction in sleep disturbance of approxi-
mately 35% was observed over 24 months [116].
Data from the UKMCR also show improved sleep,
as measured using the Sleep Quality Scale (SQS),
with this reported across a large patient cohort
with a range of chronic conditions receiving
A9-THC-rich and/or CBD-predominant prepara-
tions [60]. Sleep improvement was also observed
in several specific conditions including chronic
pain [121, 123, 124], generalized anxiety disor-
der, and depressive illness [147, 148].

Overall, clinical evidence and observations
strongly suggest that CBMPs may improve sleep
quality in a substantial number of patients,
mainly those using these treatments for the
improvement of other symptoms in chronic
cancer and non-cancer pain and MS.

IMPACT ON QUALITY OF LIFE AND
WELL-BEING

The benefits of CBMPs in alleviating specific
symptoms we describe above have an impact on
patients’ QoL. This can be assessed using formal

QoL instruments e.g., EQ-5D-5L and EQ-5D-5L
VAS, while further insight can be gained from
instruments evaluating a more holistic ben-
efit such as the Patient Global Impression of
Change (PGIC). Relatively few randomized or
controlled studies evaluating CBMPs formally
evaluate QoL, with systematic reviews conclud-
ing that the evidence from such studies for any
impact is relatively weak, even when symptom
improvements are observed, with a rather small
impact on physical function and little if any on
mental well-being [102, 157]. For most rand-
omized studies evaluating nabiximols in MS, the
observed benefit in spasticity and pain outcomes
is not accompanied by significant improvements
in overall QoL scores; in some, improvement
in physical functioning scores is observed, the
greatest improvements in overall QoL measures
being restricted to patients considered as treat-
ment responders [158]. More supportive data
for nabiximols in improving well-being is seen
in observational studies. In the German pain
registry, 55% of patients with neuropathic pain
reported > 50% improvement in physical QoL
and 24% reported similar improvement in men-
tal well-being. Using the PGIC, 76% reported
that their overall situation was “much better”
or “very much better” after 12 weeks (Table 2)
[133].

A greater understanding of the impact on
QoL and patient well-being can be gained from
studies reporting from cannabis registries. The
UKMCR routinely reports on EQ-5D-5L and
PGIC outcomes in patients receiving an array
of A9-THC-rich, balanced, and CBD-dominant
products (which can make identification of
the relative impact of A9-THC and CBD chal-
lenging, although in general patients received
greater A9-THC dosing) [60, 121-124, 148]. The
broad pattern, however, is that in addition to
the symptom improvement described above,
significant improvements in overall EQ-5D-5L
scores (and most instrument subscales) as well as
improved GAD-7 scores are observed, sustained
over as much as 12 months of follow-up, along
with supportive PGIC scores [60, 121-124, 148].
Although improvement was greater in those
individuals declaring current consumption of
recreational cannabis, benefit was also reported
in otherwise cannabis-naive individuals [60].
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Table 2 Summary of benefits of CBMPs in clinical use

Condition

Product type

Outcome summary

Neuropathicand ~ A9-THC-rich

chronic pain

Data from RCTs indicate that 20% of patients using inhaled
medical cannabis report = 30% improvement from baseline
pain VAS scores [108]

Observational data from Israel report that 77.4% of patients
with chronic pain receiving inhaled A9-THC-rich products
report moderate or significant improvement in pain [58].
This was accompanied by a reduction in use of opioids and
other analgesics

Data from the UKMCR report significant improvements
in pain scores over 6 months with A9-THC-predominant

regimens [123]

Balanced A9-THC and CBD products Meta-analysis of RCTs evaluating nabiximols found small

CBD-predominant products

improvements in mean pain scores compared with placebo
[10, 132]

Observational real-world data indicate nabiximols as add-on
therapy given over 12 weeks leads to significant improve-
ments in refractory neuropathic pain with 94% report-
ing>50% improvement in pain intensity rates [133]

One small study evaluating real-world use of balanced
A9-THC and CBD doses (25 mg daily) over 3 months in
patients with chronic pain found that 32.9% of patients
reported a meaningful improvement in pain intensity scores
[134]

In patients with multiple sclerosis treated with nabiximols,
RCTs and observational studies show significant reduction
in pain intensity scores; although mainly small (between 0.5
and 2.7 points on a 0 to 10 NRS) [131]

Real-world data from Australia and the UK using CBD-rich
products report significant improvement in pain intensity
scores with CBD-rich products over 6-24 months [116,
121, 123]

In Canada, the use of exclusively CBD-rich products resulted
in significant improvements in pain scores after 3 months of
treatment, and were the greatest in those with more severe

baseline pain [138]
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Table 2 continued

Condition Product type Outcome summary
Cancer-related A9-THC-rich Observational data from Israel report a significant reduc-
pain tion in the number of patients reporting intense pain after
6 months (4.6%) compared to treatment initiation (52.9%)
[57]
CBD-predominant products Observational data from Canada report statistically sig-

nificant improvements in pain intensity and severity at

3 months sustained for up to 12 months. While this was
observed in patients receiving A9-THC-rich, balanced, and
CBD-rich products, the greatest improvements were seen
with balanced products [125, 126]. A reduction in analgesic

and opioid use was also observed [126]

Spasticity in multi- Balanced A9-THC and CBD products RCTs and longitudinal studies have shown substantial sus-
ple sclerosis tained benefit for nabiximols in improving spasticity scores
[4,7,12,13,90, 103]. Up to 40% of initial responders will
achieve sustained improvement (> 30% improvement from
baseline, between 42 and 83% of patients achieving > 20%
reduction from baseline spasticity [4, 7, 12, 13, 90, 103]

Chemotherapy- A9-THC-rich Observational data from Israel report that 91% of patients
induced nausea receiving inhaled/vaporized products report symptomatic
and vomiting improvement’ 67% discontinued use of ant-emetics [57]

A\ Adis



1076

Pain Ther (2024) 13:1063-1094

Table 2 continued

Condition

Product type

Outcome summary

Anxiety

A9-THC-rich

Balanced A9-THC and CBD products

CBD-predominant products

In patients with chronic pain treated within the UKMCR,
use of A9-THC-rich products result in improved depres-
sion and anxiety scores (EQ-5D-5L subscale scores and
GAD-7 scores) [121, 123, 124]. Improvements are also seen
in patients with generalized anxiety disorder (although less
than that observed with CBD-rich oil preparations) [147]

In patients with cancer, Israel registry data report improve-
ment in anxiety and depressive symptoms, in 84%, with

25% reporting stopping anxiolytic medications [57]

In patients with chronic neuropathic pain receiving nabixi-
mols, pain improvement was accompanied by decreased
anxiety, with 84% of patients reporting > 50% improvement

in anxiety scores [133]

In patients with chronic pain treated within the UKMCR,
use of CBD-predominant products is also associated with
improved depression and anxiety scores [121, 123, 124].
In patients with generalized anxiety disorder, CBD-rich oil
preparations were associated with greater improvements
than other CBMPs [147]

Australian registry data show that use of CBD-predominant
products (approximately 2:1 ratio for CBD and A9-THC
dosing) results in small sustained improvements in depres-
sion and anxiety scores [116]

Canadian data indicate that the use of CBD-predominant
products is associated with improved anxiety and depres-
sion symptoms scores over 12 months in patients with
cancer and those with chronic pain [125, 126, 138]
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Table 2 continued

Condition Product type Outcome summary

Sleep A9-THC-rich Observational data from Israel report that over 87% of
patients with chronic pain report improved sleep, with a
35% reduction in sedative use [57, 58]

Balanced A9-THC and CBD products Observational real-world data indicate nabiximols over
12 weeks in patients with chronic neuropathic pain leads
to significant improvements in sleep with 70% report-
ing>50% improvement in sleep [133]
One small study evaluating the use of A9-THC and CBD
(each at 25 mg daily) in patients with chronic pain reported
a meaningful improvement in sleep over 3 months in 49.3%

of patients [134]
CBD-predominant products Australian registry data show use of chiefly CBD-predom-

inant regimens is associated with a sustained reduction in

sleep disturbance of approximately 35% over 24 months

[116]
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Table 2 continued

Condition Product type Outcome summary
Qu;ality of life A9-THC-rich In patients treated within the UKMCR, the use of AQ-THC-

Balanced A9-THC and CBD products

CBD-predominant products

predominant regimens results in significant improvements
in overall EQ-5D-5L scores (and most instrument sub-
scales) [60, 121124, 148]

Observational data from Israel report the use of A9-THC-
rich products is associated with increased well-being. In
patients with cancer, those reporting good QoL increased
from 18.7% at baseline to 69.5% after 6 months; in a larger
mixed pain cohort, the proportion increased from 12.9% to

69.9% [57, 58]

In patients with neuropathic pain receiving nabiximols in
the German pain registry, > 50% improvement in physical
and mental QoL were reported by 55% and 24% respec-
tively; 76% reported that their overall situation was much

improved [133]

Australian registry data indicate that in patients with chronic
pain, the use of chiefly CBD-predominant regimens is associ-
ated with improved QoL (SF-36) scores, with particular
improvement in mental health items, with these sustained
over 24 months [116]

A retrospective Australian case series study reported substan-
tial improvements in QoL (SF-36) sustained over 2 years in
patients chiefly receiving CBD. Although all physical and
mental health domains improved, the greatest effect was on
mental and emotional well-being [159]

Significant but small improvements in QoL and well-being
scores are reported in Canadian chronic pain and cancer
cohorts receiving CBD-rich and mixed products [125, 126,
138]

49-THC delta-9-tetrahydrocannabinol, CBD cannabidiol, CBMPs cannabis-based medicinal products, NRS numerical rat-
ing scale, QoL quality of life, UKMCR UK Medical Cannabis Registry

In those prospective registry studies from Israel
(chiefly using A9-THC-rich inhalation formu-
lations), QoL was measured using a five-point
Likert scale. These report significant increases in
the proportion of patients reporting good QoL
after 6 months of receiving cannabis prepara-
tions [57, 58]. In the study reporting specifi-
cally on patients with cancer, while only 18.7%
of patients reported good quality of life prior
to treatment initiation, after 6 months this

proportion increased to 69.5% [57]. A similar
finding was observed in the later study report-
ing on use for chronic pain in cancer (approxi-
mately 50% in each category), with the propor-
tion reporting good QoL increasing from 12.9%
at baseline to 69.9% at 6 months [58].

Benefits are also evident for CBD-predom-
inant products. Australian registry data in
patients with chronic pain receiving a range of
products (although chiefly delivering greater
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CBD doses) report improved quality of life (SF-
36) scores sustained over 24 months, with par-
ticular improvement in mental health items
[116]. Another retrospective case series study
from Australia specifically evaluated QoL in a
large cohort (>3000 patients). While patients
received a mix of products, balanced and CBD
or A9-THC-predominant, which varied across
the study, the overall pattern over 2 years was
chiefly CBD (approx. 70 mg daily) with lower
A9-THC doses (titrated up to approx. 20-25 mg
daily). This study found substantial improve-
ments from in QoL (SF-36) for all physical and
mental domains sustained over 2 years, with
the greatest effect observed for mental and
emotional well-being [159]. Improved EQ-5D-5L
and ESAS-r well-being scores are also reported
in chronic pain and cancer cohorts in Canada
receiving mixed or CBD-rich CBMPs, although
such improvements were relatively small [125,
126, 138].

SAFETY PROFILE AND ADVERSE
EFFECTS

Therapeutic benefits of medical cannabis and
CBMPs must be considered in the context of any
potential negative impact, considering not only
the conventional safety profile but also regard-
ing any ‘addictogenic’ potential. Systematic
evaluations of safety are often reported across
different CBMPs products and formulations
given to different patient populations [11, 107,
160, 161]]. While this brings some uncertainty
when drawing specific conclusions, some broad
observations can be made. Most studies and
observational data report a relatively high prev-
alence of AEs, indeed in as much as over 90%
individuals in longer-term studies, although this
varies widely [11], and generally less frequent
in registry cohorts: 34% in Israel over 6 months
[58], 37% within the AECeR over 2 years [116],
and 17% over 12 months within the larger
UKMCR cohort [60]. In most instances, AEs are
mild to moderate and transient, and serious
AEs are uncommon [37, 160]. A recent system-
atic review of longitudinal observational stud-
ies reporting on long-term (up to 18 months)

safety of medical cannabis and CBMPs reported
that discontinuation due to AEs ranged from O
to 27%, while the prevalence of serious AEs was
1.2% (95% CI, 0.1-3.1%) [11]. The most com-
mon AEs, occurring in up to 20% of patients,
are dizziness, drowsiness/sedation or fatigue, dry
mouth, nausea, and gastrointestinal upset [37,
95, 160]. Other effects such as euphoria, dyspho-
ria, confusion, or cognitive impairment are less
common, occurring in between 1% and 10% of
subjects [11, 91, 92, 162, 163].

Most side effects are principally associated
with A9-THC and are dose-dependent [37, 95,
160]. One recent systematic evaluation of syn-
thetic A9-THC cannabis-based medications
(nabilone and dronabinol) in placebo-con-
trolled trials found that dizziness, drowsiness,
dry mouth, and headache were most frequently
reported, with a far-greater prevalence com-
pared with placebo [162]. Although less com-
mon, there is a recognized association between
tachycardia and A9-THC [37, 160, 164]. For
nabiximols, randomized and observational stud-
ies and also longer-term registry data indicate
a common pattern of AEs, although prevalence
varies across studies: dizziness (1-22%), nau-
sea (4-20%), fatigue (1-9%), and drowsiness
(1-12%), most were considered mild or moder-
ate and transient [91, 92, 163, 1635]. Safety eval-
uations of CBD given at dosing up to 600 mg
daily in clinical trials indicate gastrointestinal
upset as the main AE, reported in up to 60%
of individuals, principally diarrhea and nausea/
vomiting [83, 85, 166]. Others include drowsi-
ness (17%), fatigue (11%), and reduced appetite
(16%) [166]. We should mention that elevated
liver enzymes are observed in individuals taking
higher CBD doses (including children for seizure
control) [83]. However, this relates to far higher
CBD dosage than that used in routine practice
(e.g., in cancer registries, with daily dosing of
between 10 and 240 mg); most studies evaluat-
ing CBD dosing of up to 600 mg daily in adults
indicating no such concerns [37, 83]. Moreo-
ver, elevated liver enzymes are not present in
patients receiving nabiximols [91, 92].

Cannabis registries provide a wealth of safety
data in real-world long-term use, although due
to the wide array of products used within reg-
istries, determining specific association with
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A9-THC or CBD elements can be challeng-
ing. One broad pattern is that most AEs are
of mild or moderate severity, often transient,
rarely cause treatment discontinuation, and
that preparations are generally well tolerated
[57, 58, 60, 116, 121, 125]. Those using primar-
ily A9-THC-rich preparations, e.g., as in Israel,
report a broad range of side effects: most fre-
quently dizziness (8.2%), dry mouth (6.7%),
increased appetite (4.7%), sleepiness (4.4%).
Cognitive effects included euphoria (4.3%),
confusion (1.7%), hallucinations (1.2%), and
restlessness in 1.4%, although anxiety was
uncommon (0.3%) [58]. Cardiac palpitations
were infrequent (0.8%) [58]. A similar profile
has recently been reported from a smaller Aus-
tralian cohort receiving a A9-THC-rich prod-
uct, with dizziness, fatigue, and increased
appetite each reported by 10%, although with
dry mouth reported by 24% [127]. This cohort,
which also evaluated AEs observed with bal-
anced and CBD-dominant products, allows a
useful comparison. While dizziness, fatigue,
and increased appetite observed with balanced
A9-THC and CBD products were each reported
at a relatively similar frequency as seen for
A9-THC-dominant products, 10% also reported
nausea and diarrhea, while 24% reported a
sedative effect, with broadly similar patterns
seen with patients receiving a CBD-dominant
product [127].

From the data we describe above, it would
appear that CBMPs have a favorable safety pro-
file, although some differences exist depending
on the cannabinoid involved. A9-THC is associ-
ated with a greater number and broader range
of side effects than CBD, and it is likely that it
is the A9-THC component of medical cannabis
that carries the greater risk of AEs, in particular
psychoactive effects including euphoria. Incoz-
poration of CBD into A9-THC-rich regimens
may attenuate any acute intoxicating effects of
A9-THC and reduce any treatment-associated
anxiety [167]. Most studies evaluating this
interaction are heterogeneous regarding dosing
routes and study populations (chiefly involving
recreational cannabis users rather than for medi-
cal use) [89, 168]. Some supportive data exist,
however, for use of CBD at high doses, lead-
ing to reduced euphoria in individuals using

recreational cannabis, although conversely
concomitant use of lower CBD doses may
enhance intoxicating effects [71, 72]. However,
some small RCTs have shown no evidence for
CBD in modulation of acute A9-THC effects of
A9-THC in recreational cannabis users [73-75].
While it seems possible, even likely, that there
may be some genuine effect of adding CBD to
ameliorate such effects, at present, however, the
benefits remain uncertain [65, 169]. This said,
such an approach remains part of some treat-
ment recommendation strategies [95]. Finally,
oral CBMPs have an inherently safer profile
than inhaled formulations, where, drawing from
studies of recreational cannabis use, it is likely
that inhaled CBMPs may confer a greater risk
of respiratory disease compared to other routes
[164, 170, 171].

Contraindications for Use

Beyond this generally favorable profile, some
additional points regarding safety concerns
should be made. Firstly, the use of any canna-
bis product is generally contraindicated in preg-
nancy or while breastfeeding [160]. Although
specific data for medical use are lacking, data
for recreational cannabis point to adverse neu-
rodevelopmental outcomes, with counseling and
risk-reduction interventions important aspects of
pre-natal care [172]. Some consider caution when
considering use in younger adults<25 years of
age (or consider this a relative, even absolute
contraindication) [160, 173], though it should be
noted that some cannabis registries also include
such individuals with no untoward safety signals
[59, 60, 116]. Although associations are complex,
the use of A9-THC is also contraindicated in
individuals with specific psychiatric comorbid-
ity, notably schizophrenia and other psychosis-
related disorders [37, 160].

Other safety considerations include interac-
tions with concomitant medications. Cannabi-
noids are metabolized in the liver by enzymes
within the cytochrome P450 family, and so
A9-THC and CBD may inhibit or induce the bio-
logical activity of a broad range of medications,
including warfarin, phenobarbital, digoxin,
and fluconazole (see review by MacCallum
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et al.) [173]. In turn, the use of a broad range
of medications may impact A9-THC and CBD
pharmacokinetics to increase or decrease bioa-
vailability [160, 164, 173]. These considerations
are particularly important in patients with renal/
hepatic disease and the elderly, where close
monitoring may be necessary [160, 164, 173].
Furthermore, CBMPs should be used with some
caution in patients with well-controlled cardio-
vascular disease (arrythmia or coronary artery
disease) and avoided completely in those with
unstable cardiovascular disease [173].

While there is no evidence for any abuse
potential for exclusively CBD products [65, 174,
175], A9-THC products are also contraindicated
in individuals with overt substance-abuse disor-
ders [37, 160]. In this context, there is growing
interest in the role of CBMPS as a useful adjunct
to harm reduction strategies with substance
abuse [176, 177]. Although data are limited,
some but not all studies have shown that nabixi-
mols or high doses of CBD may have benefits in
reducing cannabis use in frequent recreational
users and in those with overt cannabis use dis-
order [176, 178-180]. However, this a complex
and much-debated topic beyond the scope of
the present article.

Guiding the Initiation of Medical Cannabis
or CBMPs

Safety and tolerability guides recommended
CBMP treatment-initiation strategies. Most
guidance on this matter adopts a “start slow, go
slow, and stay low” approach, beginning with
low doses and gentle up-titration to reach symp-
tom relief with fewest unwanted side effects
[160, 173]. This is in keeping with the general
recognition that AEs associated with medical
cannabis and CBMPs (and indeed any poten-
tial for addiction) are dependent on dose and
duration of use [65, 160, 173]. Slow up-titration
of A9-THC allows some element of tolerance to
build up and reduce the risk of AEs and impair-
ment. This is a well-established practice for
nabiximols [91, 92]. For other products, a variety
protocols have been reported [173, 181, 182].
Some recommend routinely always beginning
with CBD, e.g., at initial oral dosing of 5-10 mg

daily, then increasing dosage by 10 mg every
2-3 days up to a daily dose of 40 mg if necessary
(181, 182]. Only then if adequate symptom relief
is not achieved should the addition of A9-THC
be considered, beginning with 2.5 mg daily,
titrating upwards in weekly 2.5-mg increments,
to a maximal of 40 mg daily [181, 182]. An alter-
native approach involves beginning with CBD
and A9-THC together, each at 5 mg daily, with
up-titration of A9-THC and/or CBD by 2.5 mg
every 2 or 3 days, while similar protocols utiliz-
ing only A9-THC (given orally or inhaled) along
these same principles are also used [173, 181,
182]. Again, a maximal A9-THC daily dosage of
40 mg is recommended, with a general caveat
that where higher dosing is desired, an alter-
native medication should be considered [173,
181, 182]. Ultimately, dosing should be tailored
towards the individual’s needs at the holistic
level. Obviously, A9-THC dosing is often far
higher in patients treated in some of the can-
nabis registries we describe above. For these,
specific protocols are not reported, but follow
similar overall approach of titrating A9-THC
and CBD dosing using a variety of products and
administration routes to accommodate patient
response and tolerance.

Addictive Potential of Medical Cannabis and
CMBPs

A wealth of evidence exists that recreational
cannabis use is associated with risk of depend-
ence (which includes psychological and physical
aspects) and addiction [65, 183]. Critical influ-
encing factors include age at onset of cannabis
use, with adolescent initiation in adolescents a
particular risk factor, especially in males [183,
184]. Other factors are frequency of use and
use of greater A9-THC concentrations [65, 183].
The administration route is also important, with
greater bioavailability and more rapid onset of
effects with inhaled cannabis compared to oral
consumption (especially with vaporized prod-
ucts) [65, 185, 186].

This raises concerns around the possibility of
dependence with medical cannabis and CBMPs
containing A9-THC [65]. To date, although
some studies have highlighted potential risks
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[187, 188], with greater risk in individuals
with severe depressive illnesses [189, 190], few
studies have formally examined potential or
actual dependence, and there remains a need
to better evaluate potential risks [191]. How-
ever, some observations can be made. Firstly,
despite the acute intoxicating effects observed
in clinical trials evaluating synthetic A9-THC
agents or nabiximols, there were no signals for
any potential for psychological dependance
with standard recommended doses, although
many studies were of relatively short duration
[65, 163, 192, 193]. Data from longer-term
studies indicate some potential for depend-
ence, although it is low. One systematic
review reporting on dependence-related AEs
found a pooled prevalence for psychological
dependence of 4.4% (95% CI 0-19.9%) and a
pooled prevalence for withdrawal syndrome
of 2.1% (95% CI, 0-8.2%) [11]. Some reassur-
ance may be gained from those observational
studies from the larger medical cannabis reg-
istries, where there are few, if any, safety sig-
nals around dependence, misuse or addiction
reported. For example, the AECeR reporting
on almost 4000 patients receiving CBMPs over
2 years (with a median daily dose of 10 mg
A9-THC) found no evidence of addictive or
dependence behavior [116]. Other large regis-
tries often reporting on patients receiving large
doses of A9-THC (up to 170-220 mg in Israel,
while as mentioned earlier the UKMCR allows
continued recreational cannabis use) report lit-
tle evidence of addiction [57, 58, 60].

These aspects should also be considered
in the context of alternative agents, namely
opioids for chronic pain management, with a
well-established risk for addiction and depend-
ence [194]. However, some caution remains for
patients seeking medical cannabis therapies.
As well as poorer general health, individuals
using medical cannabis have different patterns
of use than non-medical use (recreational or
otherwise). In medical use, daily use is com-
mon (and often multiple times a day), espe-
cially in patients with chronic pain whereas
frequency in recreational users varies widely,
but often far less. Although such frequency is
not in itself necessarily a concern, this points
towards potential for dependence. Indeed some

data suggest that ‘problematic use’ may be rela-
tively high in those patients with chronic pain
receiving CBMPs (up to 21.2% based on DSM-
IV criteria), and that such use may be influ-
enced by psychological factors, e.g., severe
depression, although it is worth noting that
in those with chronic pain receiving opioids,
problematic use was even greater (52.6%) [189,
190]. A further consideration is that, although
data are lacking, it may be anticipated that use
of higher A9-THC concentrations, especially
vaporized or smoked, carries a greater potential
risk for dependence than lower-dose oral prod-
ucts [65]. Clearly, more research is required in
this critical area.

DISCUSSION

In this narrative review, we evaluated the evi-
dence for some therapeutic benefits and the
safety profile of medical cannabis and CBMPs.
These agents span an enormous range of product
and formulations, dosage, and administration,
and there remain substantial knowledge gaps
with regards to optimal formulations, dosage,
and administration routes for specific clinical
indications. Furthermore, as we have outlined,
often at great length, in real-world use, indi-
vidual patients often (indeed usually) receive
both A9-THC and CBD components within
their treatment regimens, though the relative
predominance, concentrations, and dosing of
each may change (as may the administration
route). These factors hinder evaluating and
quantifying the benefits and safety specifically
associated with these individual A9-THC and
CBD components. While this hampers making
recommendations for specific CBMP regimens,
some broad conclusions can be proposed. While
CBMPs as a group show some efficacy in reduc-
ing chronic pain, there are more supportive
data for A9-THC-predominant products and for
balanced A9-THC/CBD preparations, although
some data indicate that CBD-rich products also
may provide pain reduction. Balanced products
are also most effective in reducing spasticity in
MS, and while most formulations show benefit
in providing symptomatic benefits in reducing
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anxiety, nausea, and in improving sleep, the
place of specific A9-THC or CBD-dominant and
balanced products is more subtle and choice
guided by specific circumstances.

Safety and tolerability would appear to be
quite acceptable, a valid observation both for
agents such as nabiximols [91, 92], and for the
range of CBMP products in real-world use in
cannabis registries [57, 58, 60, 116, 121, 125].
Although psychoactive and cognitive effects
may be problematic in a small number of
patients receiving A9-THC, this may be attenu-
ated by concomitant CBD use [89, 167] and by
gradual up-titration as described above [173,
181, 182]. Furthermore, in contrast to recrea-
tional cannabis use, where dependence is well
documented [65, 183, 184], there seems little
if any evidence from the larger cannabis regis-
tries in Israel and Australia involving more than
14,000 patients to indicate any such concerns
with prescribed CBMPs [57, 58, 116].

One important finding in many real-world
studies is that benefits were accompanied by
reductions in symptomatic medication use and
an increase of overall well-being. This was par-
ticularly observed for chronic pain populations
where pain reduction was accompanied by sub-
stantial reduction in opioid use [57, 58, 117,
126, 131, 133]. However, data for the benefits of
CBMPs in reducing opioid needs remain incon-
sistent. Some evidence commentaries [195], and
a number of systematic reviews and meta-anal-
ysis have concluded that there is no evidence
from randomized studies [111, 196]. However,
one recent meta-analysis, which also evaluated
observational study data, reported substantial
impact on opioid use; the pooled prevalence for
opioid reduction in observational studies being
85% (95% CI, 64-92.8%) while opioid cessation
was found in 39% of patients (95% CI, 15-64%)
[104]. In addition, a prospective study report-
ing the use of different A9-THC and CBD regi-
mens over 6 months, in which with significant
improvements in pain scores and QoL outcomes
were observed, reported substantial reductions
in opioid use, both in the number of patients
using opioids and in dosage used [197]. How-
ever, one must be cautious when considering
this issue. While some reduction in opioid use
is observed in some patient populations (e.g.,

patients with chronic pain) when given medi-
cal cannabis/CBMPs, the supportive evidence for
any such benefit is highly heterogeneous. Fur-
ther research is necessary to inform clinicians on
this matter. Furthermore, we do not suggest that
medical cannabis or CBMPs be used specifically
to reduce concomitant opioid use (although that
may be a benefit for some patients).

All these patterns are important when consid-
ering the overall risk-benefit analysis accommo-
dating symptomatic relief (and reduced symp-
tomatic medication use), and broader benefits
in improved well-being and QoL, with safety
and tolerability aspects. Safety and potential for
harmful effects remain a primary consideration
when recommending and monitoring use of any
medical cannabis product [61, 173]. One recent
report from clinicians experienced in both pain
management and/or CBMP use considered these
elements within a multicriteria decision analysis
model to evaluate comparative risks and ben-
efits of a wide range of analgesics, including opi-
oids of different potency, and of oral CBMPs in
the management of chronic neuropathic pain
[198]. It was observed that the most favora-
ble benefit-safety balance was seen for CBMPs
rather than conventional analgesics, with bal-
anced products favored marginally over CBD-
dominant or A9-THC-dominant products [198].
Nevertheless, there remains a need for further
clinical studies, ideally RCTs, to better define the
risk-benefit profiles of the many various CBMPs
preparations in specific patient populations.

CONCLUSIONS

Through the present narrative review, it can
be stated that findings from clinical studies
and real-world data provide some evidence for
the use of medical cannabis and CBMPs as an
adjunctive therapy in some patients in a range
of chronic conditions including neuropathic
pain, multiple sclerosis, oncologic supportive
care, and palliative care. Medical cannabis and
CBMPs are generally well tolerated and with an
acceptable safety profile. As use of these agents
are likely to increase, the observations reported
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here can help inform physicians and other pro-
fessionals on use in their daily practice.
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