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The analgesic potential of Cannabis sativa L.—based medicinal cannabis products for treatment of cancer
associated chronic pains has gained increased interest. To ensure a controlled distribution of these products and

investigate their therapeutic potential, several countries have established so-called pilot trials.

cancer pain medicinal cannabis cannabinoid-based medicine endocannabinoid system

clinical evidence

| 1. Introduction

Administration of the cannabis plant (Cannabis sativa L.) as an alternative to conventional medicines in the
management of various diseases and disease-related symptoms, including cancer-associated pain, has increased
massively during the last decades W2 |t has been postulated that researchers are currently experiencing a re-
medicalization of cannabis, as more patients express interest to try out treatment with cannabis for medicinal
purposes [l This tendency is believed to be caused by several factors, among other the discovery of the

endocannabinoid system (ECS), which has accelerated the development of cannabis-based medicinal products.

Although documentation is sparse, it is generally recognized that patients suffering from various conditions have
been sourcing cannabis illegally for symptom relief, thereby accepting the inherent risks of such an unregulated
treatment strategy BI4B, Supported by the rapidly growing understanding of the pharmacology of cannabinoids,
this has led to an increased focus on and demand for legal medicinal cannabis, i.e., produced within the
frameworks of Good Agricultural Collection Practice (GACP) and Good Manufacturing Practice (GMP) frameworks
[Bl71. As a result, several countries have developed policies and pilot programs allowing for the prescription of
cannabis for medicinal purposes . Denmark’s pilot program (running from 2018 till the end of 2025) allows Danish
doctors to prescribe medicinal cannabis, however only if authorized conventional medicinal products have been
tried without satisfactory effects. The medicinal cannabis products have not yet been researched in-depth through
high-quality clinical randomized controlled trials (RCTs), which means that evidence regarding their safety and
efficacy in different patient populations is scarce and highly needed. This challenges the administration and dosing
of the products in a clinical setting (&,

The term “medicinal cannabis” is applied broadly to products containing either extracts from the Cannabis sativa L.

plant or isolated active compounds or synthetic analogues hereof. To avoid confusion and provide clarity, the
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product types are specifically defined based on the existing formal definitions as follows: The medicinal cannabis
products that are part of several pilot programs currently running are defined as products containing the full
spectrum of naturally occurring compounds that can be extracted from the Cannabis sativa L. plant, thereby
referred to as full-spectrum medicinal cannabis . Another product type is the cannabis-based medicines, such as
the authorized medicinal product Sativex®, also known as nabiximols, approved for cancer-associated pain in
Canada . Sativex® is a natural Cannabis sativa L. plant extract product, composed of a combination of extracts
from a high cannabidiol (CBD) cultivar and a high A-9-tetrahydrocannabinol (THC) cultivar, combined to a final drug
product composed of almost equal amounts of CBD and THC 2% The additional content of unlabeled naturally
occurring compounds (e.g., residual cannabinoids and terpenoids) from extract of the Cannabis sativa L. plant
defines Sativex® as a so-called broad-spectrum product 2. Other types of products are based on single
cannabinoids, either isolated from the cannabis plant or produced through chemical synthesis. These are

considered active pharmaceutical ingredients (APIs) (2],

To the best of the knowledge, clinical evidence of medicinal cannabis as an analgesic in the management of cancer
pain is limited both in scope and in quality, while clinical evidence of higher quality, in the form of RCTs, exists in
support of the analgesic effects of the cannabis-based product Sativex® in cancer patients. However, the evidence

behind it is based on only a few clinical trials [HI13],

Despite the lack of high-quality research evidence, it is not uncommon to administer cannabis within clinical
settings to manage chronic pains often associated with cancer W. Several studies confirm this tendency, with
cannabis consumption observed prevalently for both symptom management, in particular pains, and for the
purpose of treating the underlying disease 1413l |t has been estimated that among 80% of advanced cancer
patients, irrespective of cancer type, suffer from disease-related pains, with as many as a third of the survivors
reporting to experience symptoms of pain 8. Because of improved methods to diagnose the patients, the
population of cancer patients surviving the disease is believed to increase in the future. Cancer-associated pains
are highly heterogenous and complex to treat satisfactorily and completely in all patients. The pain can be caused
by the cancer tissue itself or as an adverse effect of the therapeutic management of the cancer, e.g., through
chemotherapy. The currently most abundant and primarily used analgesic is opioids. However, opioids often do not
provide satisfactory analgesia for all patients and additionally often comes with a line of adverse effects and an
increased risk of developing addiction. Thus, frequent opioid usage often requires addition of other medicinal

products to manage the adverse effect symptoms 171181,

Several challenges pertain to performing research within the medicinal cannabis field: (1) the synergistic and
complex effects occurring when administering hundreds of molecules into the body all at once, (2) the molecular
composition of the herbal material (i.e., either as dried biomass or extract) being affected by the cultivation and
processing factors, resulting in inter-supplier product variability even when label claim of primary cannabinoids are
identical, (3) the holistic multi-functionality of the ECS itself, where inter-individual and population-based
differences exist, and (4) the complex heterogeneity related to cancer pain etiology. These factors, among others,
add to the high complexity of medicinal cannabis research, which—combined with the current low-quality clinical

evidence of its efficacy—challenges the preparation of evidence-based recommendations to support the
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administration and dosing guidelines in the clinical settings 1929 A study, investigating cancer patient survivors’
perceptions of barriers against using medicinal cannabis, reported the following reasons: lack of research
evidence, concerns of dependency and healthcare providers’ criticism towards medicinal cannabis usage 2. The
hesitancy of doctors to prescribe these products, has left many patients without professional medical guidance and
as a result have turned to the illegal market to source their cannabis to manage their disease 22[23]. These illegal
products do not come with a GMP-compliant certificate of analysis and thus may potentially cause harm to the
patient, either due to little or no efficacy or because of harmful components that were not controlled during
production (e.g., erroneous cannabinoid content, foreign matter, heavy metals, pesticides, mycotoxins, microbes,

etc.) B4l Ultimately, this causes a societal challenge for authorities to tackle.

The rapid increase in product availability calls for evidence-based practical guidelines to support the process of
decision-making by physicians. Recently, a review study was published by Gorzo et al. 24, providing an updated
status of existing research evidence of relevance to oncologists in their consideration of administrating cannabis-
based medicines in the management of cancer pain. The study found that while convincing pre-clinical research
exist, the translation of these data into high-quality clinical trials is lacking, which is necessary to determine their
clinical relevance and safety. Current selective review contributes to this field through a comprehensive summary
of existing clinical research evidence supporting the analgesic effects of medicinal cannabis in cancer patients. A
particular focus will be on research that potentially qualifies as a guidance to practitioners for the administration
and dosing of medicinal cannabis to patients suffering from cancer-related pains. Only clinical research regarding
medicinal cannabis (i.e., full-spectrum) and the, thus far only, cannabis-based product Sativex® will be considered
relevant for the purpose of this research. In addition, the clinical findings will be discussed in the context of
challenges related to the field of medicinal cannabis research, such as the multi-faceted role of the
endocannabinoid system, lack of product standardization and unavailability of a true placebo. It is important to
state that this research should not be perceived as a guideline nor a recommendation for treatment with medicinal
cannabis as a replacement to standard conventional treatments. It is rather to be considered as an objective, yet

critical, overview of published studies that physicians and professionals may consult at their own discretion.

2. The Endocannabinoid System and Its Implication in
Cancer Pain

The ECS is an endogenous multifunctional pro-homeostatic signaling system being almost ubiquitously distributed
within the body. The system is generally recognized to consist of three main parts (1) receptors: G protein-coupled
receptors (GPCRs); cannabinoid receptor 1 (CB1R) and 2 (CB2R), (2) endocannabinoids: the body’s own signaling
molecules regulating the ECS through the cannabinoid receptors, including N-arachidonylethanolamine
(anandamide, i.e., AEA) and 2-arachidonoylglycerol (2-AG) and (3) the enzymes: responsible for the metabolism
and regulation of endocannabinoids available at a given time. In line with the development of research in the field,
additional components have been discovered being part of the ECS. This including (1) receptors: GPCRs (e.g.,
GPR18, GPR55 and GPR119), ion channels (e.g., Transient Receptor Potential Vanilloid 1 (TRPV1) and nuclear

receptors (e.g., Peroxisome Proliferator-activated receptor gamma (PPAR-y), (2) endocannabinoid-like
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compounds: e.g., Palmitoylethanolamide (PEA) and Oleoylethanolamine (OEA) and (3) synthesizing and
degradative enzymes and transport proteins of the endocannabinoids and alike ligands. The ECS acts locally at
the various body parts it is localized within, where it responds to and is activated by disturbances occurring within

these systems, with the aim to recover and maintain homeostasis [25](26]

The ECS has receptors located at various body sites, such as in the central nervous system (CNS), peripheral

nervous system (PNS), immune system cells and peripheral tissues, see Figure 1.
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Figure 1. Endocannabinoid system (ECS) receptor distribution in the body. In general, @ireceptors (CB1Rs) are
primarily expressed within brain regions and the nervous system, especially in the central nervous system (CNS),
and to a lesser extent at other sites of the body. & receptors (CB2Rs) are primarily expressed within cells related
to the immune system and peripheral body tissues 27281 Created with BioRender.com.

The ECS is involved in regulating pain within the body due to its expressions of cannabinoid receptors within the
different pain pathways involved in the transmission of pain signals throughout the body. Overall, the ECS exerts
an inhibitory effect on pain signaling 22. The CB1Rs and CB2Rs are differently located within the body, with the
CB1Rs predominantly localized within brain regions and the nervous system, in particular the CNS, while CB2Rs
are predominantly found within cells of the immune system and the PNS, as illustrated in Figure 1 (2839 The

CB1Rs have been found particularly at presynaptic sites of neurons within the CNS. Upon activation of the CB1R
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an inhibition of neurotransmitter release occurs, resulting in a dampening of the pain signaling BY, as illustrated in
Figure 2. Upon activation of the CB2R, the transduction of pain signaling from the PNS into the CNS is inhibited
thus reducing, among other, nociception (pain sensation) and inflammation 29E% qua., the holistic function of the
ECS. A deficiency of endocannabinoids thereby causes a hypofunctional ECS and has been proposed to be linked

to a decreased pain threshold because of homeostatic ECS functions that cannot be maintained (311,

The ECS regulates and activates the cannabinoid receptors through the endocannabinoids, where especially the
functioning of AEA and 2-AG has been studied and discussed within the research literature 221, Upon binding of the
endocannabinoids to the CB1R, an intracellular signaling cascade is initiated, which ultimately inhibits
neurotransmitter release, thereby blocking pain signaling (Figure 2) [B233] AEA has been observed to bind as a
partial agonist at the CB1R and CB2R, with a higher affinity at the CB1R, where 2-AG has been observed to be an
agonist of both the CB1R and CB2R, binding with low to moderate affinity [28][32134],
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Figure 2. The opioid- and cannabinoid systems implicated in the modulation of neuronal activity and pain signal.
Both endogenous opioids (e.g., endorphins) and endocannabinoids (e.g., anandamide, i.e., AEA and 2-
arachidonoylglycerol, i.e., 2-AG) are involved in the response to and modulation of pain signaling. This through
reducing the neuronal activity and thereby pain signaling. The endogenous opioids can, e.g., act at the
postsynaptic neurons’ opioid receptors (i.e., 8, K and p) and at the presynaptic neurons’ y receptors. The
endocannabinoids can, e.g., act at the presynaptic neurons’ cannabinoid 1 receptors (CB1Rs). Both pathways,
when activated by their respective agonists, modulate the intracellular release of neurotransmitters (e.g., GABA
and glutamate) through calcium (Ca®*)-dependent vesicular release blockade, by blocking Ca®* and kalium (K*)
channels. Hereby is the neuronal activity decreased and results in dampening of the pain signaling 28231341

Created with BioRender.com.

Cannabinoid receptors share several characteristics with the opioid receptors, such as their potential to induce
analgesic effects through their neuronal presynaptic expressions within neurons whereby they inhibit
neurotransmitter release and decrease the neuronal activity and thus, e.g., pain signaling L8l 35 jllustrated in

Figure 2. Both receptors belong to the GPCR family of the subtype Gi/o, thereby sharing intracellular signaling
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mechanisms upon stimulation by their respective ligands, such as reduction in activity of calcium voltage-
dependent channels B2, It has been proposed, based on pre-clinical studies, that CB1Rs and p opioid receptors
can interact by forming heterodimers in neurons where they are co-expressed 8. Furthermore, cannabinoids have
been proposed to stimulate synthesis and release of endogenous opioids and vice versa BZ. These characteristics
overall support the occurrence of interactions among opioids and cannabinoids in inducing synergistic additive

analgesic effects when co-consumed (2, pp. 2—4, [83]).

3. Cannabis sativa L. Compounds Possessing Analgesic
Effects

More than 100 different (phyto)cannabinoids have been discovered among the existing cultivars of Cannabis sativa
L. plants. Only some of them have been investigated in-depth, particularly THC and CBD. The cannabinoids
possess different receptor affinities at different targets within the body, both within and outside the ECS, explaining

partly the diverse therapeutic potential of different cannabis cultivars (28],

Common cannabinoids such as THC, CBD and cannabinol (CBN) possess affinities for the cannabinoid receptors
and thereby to some extent mimic the binding of endocannabinoids B9, CBN binds to and modulates the
cannabinoid receptors, with highest affinity at the CB2R and weak agonistic binding at the CB1R 3438 THC
shows partial agonistic as well as antagonistic binding to both the CB1R and CB2R, depending on factors such as
the concentration of THC consumed, cell type specific receptor expressions and presence of other cannabinoids
(i.e., endocannabinoids or exocannabinoids, the latter derived from outside the body) BY. CBD possesses low
affinities and no agonistic binding at the CB1Rs and CB2Rs but is on the contrary believed to exert negative
allosteric or antagonistic binding at the CB1R [B29 |t js suggested that CBD can positively modulate THC-
mediated mechanism of actions and thus reduce the adverse psychoactive effects related hereto, which allows for
higher doses of THC to be administered and an overall increased therapeutical effect 9. This might aid in
explaining the therapeutic benefits of co-administering CBD and THC to cancer pain patients, e.g., as,
demonstrated for Sativex® in a clinical study 41l In addition, CBD indirectly enhances the level of AEA through
inhibition of its cellular re-uptake B, Another GPCR, the GPR55, was found to be activated by THC, CBD and 2-
AG, with THC and 2-AG possessing higher agonistic efficacy and potency, respectively, for this receptor over
CB1R and CB2R. Thus, the GPR55 has been proposed to in fact be the third cannabinoid receptor 2. Minor
cannabinoids such as cannabigerol (CBG) and cannabichromene (CBC) have been demonstrated to exert
analgesic effects through affecting other targets than the cannabinoid receptors (e.g., inhibition of AEA re-uptake,
inhibition of certain serotonin receptors, inhibition of enzymes involved in synthesis of inflammatory mediators and
activation of certain adrenergic receptors) 2%, The ability of minor cannabinoids to interact with targets within and
outside the ECS has led to the proposal of an expanded endocannabinoid system, or the so-called

endocannabidiome 431441 \which is believed to further expand as more research is conducted.

Terpenoids are another group of compounds contained within the cannabis plant. They are responsible for the
characteristic aroma associated with cannabis and believed to possess individual bioactive effects in addition to

modulatory effects of cannabinoids, however to the best of the knowledge currently mainly based on pre-clinical
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research. More than 200 different terpenoids have been detected within the Cannabis sativa L. plants, while only
the terpenoids B-caryophyllene, B-myrcene and D-limonene have been observed to exert analgesic effects 43,
Much about their mechanism of actions is still unknown, although pre-clinical studies of B-caryophyllene have
demonstrated agonistic binding to the CB2R, particularly the peripherally located, thereby exerting synergistic
effects with THC 29,

A Pharmacological Perspective on the Entourage Effect Mechanism Theory

The entourage effect mechanism theory has been proposed to be the underlying reason for many patients claiming
to experience an overall better effect when consuming full-spectrum cannabis products compared to products
containing single cannabinoids 8. Research aims to establish the pharmacological effects that collectively
contribute to the entourage effect as it is currently not supported by solid research evidence 4. The mechanism of
actions are still unknown but are in general believed to be caused by pharmacokinetic as well as
pharmacodynamic interactions between the bioactive compounds consumed from cannabis products.
Pharmacokinetic interactions affect the absorption, distribution, metabolism, and excretion of the other compounds.
This ultimately impacts the bioavailability, while pharmacodynamic interactions affect the efficacy of the bioactive
compounds, by targeting receptors or enzymes and thereby enhancing or suppressing the bioactive effects of other
compounds. However, both synergistic, additive and antagonistic effects among the compounds of Cannabis sativa
L. have been demonstrated 48], Different mechanisms have been proposed to cause this overall synergistic effect,
including effects on the pharmacological properties of the individual compounds, which ultimately affects the

clinical efficacy and occurrence of potential adverse effects 43,

Terpenoids have been proposed to act as entourage compounds by for example acting as vasodilators of the
alveolar capillaries, thereby increasing the permeability of the blood-brain barrier, whereby the pharmacokinetic
effects related to, e.g., THC is increased 2% B-myrcene specifically has been found to possess multiple
mechanism of actions, e.g., enhancing CBD’s effects on hepatic cytochrome P450 (CYP) enzymes. CBD has been
reported to inhibit the subtype CYP2C9, which is responsible for the metabolism of THC into its more psychoactive
breakdown product, 11-OH-THC BB, This potentially contributes to enhance the beneficial effects of THC and
CBD while reducing the adverse effects associated with the psychoactivity of THC and its breakdown product.
However, this can potentially also affect the metabolism of additional co-consumed medicinal products metabolized
by the same hepatic enzymes, whereby the pharmaceutical effects can be increased or decreased, ultimately
affecting the clinical outcome Y. As CBD exerts multiple effects that affect the bioactivity of THC, it has been
proposed that CBD is an entourage compound. These findings have led to the proposal of THC being perceived as
a “silver bullet” and the additional bioactive cannabis compounds and the cannabis plant itself as a “synergistic

shotgun”, with the entourage effect been referred to as the cannabis plant synergy 4211461,

In summary, the ability of cannabinoids to bind to a multitude of receptors, potentiate or even block the effects of
one another adds to the complexity of medicinal cannabis research. For full-spectrum products, the presence of
additional potentially bioactive compounds, like terpenoids, furthermore adds to the complexity and challenges the

production of a truly standardized product for clinical testing, ultimately reducing the statistical power of a clinical
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study design. The presented complexity of the ECS and the compounds of the Cannabis sativa L. plant should be

kept in mind when critically assessing the outcomes of clinical trials investigating full-spectrum medicinal cannabis

products for relief of cancer-induced pain.
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