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Source of cannabinoids: what is available, what is used and where does it come from?

Nicola Specchio, Nicola Pietrafusa, Helen J. Cross

 

Currently, cannabis-based medications are widely perceived to represent an alternative therapeutic strategy for many different diseases, approved from 2011 in many European countries (Abuhasira et al., 2018). That aside, they do not represent a single compound. The Cannabis plant contains about 565 compounds, among which 120 are cannabinoids (ElSohly et al., 2017). The most abundant of these are cannabidiol (CBD) and delta-9-tetrahydrocannabinol (THC). THC, a partial agonist of cannabinoid type 1 (CB1) receptors, mostly located in the brain in the inhibitory (GABA)ergic and excitatory glutamatergic neurons, is responsible for the psychoactive effects (Hill et al., 2012).

Cannabinoids are used in many fields of medicine (table 1: some examples are spasticity (e.g. multiple sclerosis) (Lynch and Campbell, 2011), chronic pain (e.g. oncologic and neuropathic pain) (Noyes et al., 1975; Bestard and Toth, 2011; Aggarwal and Blinderman, 2014) resistant to corticosteroids or opioids (Aggarwal and Blinderman, 2014), chemotherapy-related nausea and vomiting (Smith et al., 2015), cachexia and anorexia in patients with cancer or AIDS (Beal et al., 1997), glaucoma resistant to conventional therapies (Tomida et al., 2006), facial and body movements associated with Gilles de la Tourette syndrome (Müller-Vahl, 2013), and many other clinical conditions (Holdcroft et al., 1997, 2006; Tomida et al., 2006; Skrabek et al., 2008; Robbins et al., 2009). Sativex (oromucosal spray THC/CBD 1:1) is a therapeutic add-on option, approved for un-responsive spasticity in multiple sclerosis patients, used in several European countries (Barnes, 2006). Several studies suggest that CBD can be also effective for neuropsychiatric disorders, including anxiety and schizophrenia (Russo, 2008; Rong et al., 2017). CBD may also be effective in treating post-traumatic stress disorder and may have anxiolytic, antipsychotic, antiemetic, and anti-inflammatory properties (Borgelt et al., 2013; Whiting et al., 2015; Pisanti et al., 2017).
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Cannabis use has become increasingly prevalent in patients with epilepsy. In animal models, THC has primarily anticonvulsant properties but is pro-convulsant in some species (Devinsky et al., 2014). The molecule most studied for the treatment of epilepsy is CBD (Friedman and Devinsky, 2016). Anecdotal reports of individual children with drug-resistant epilepsy who appeared to have a miraculous response to CBD-enriched oils has fuelled public interest. In 2013, a five-year-old girl named Charlotte, with SCN1A-confirmed Dravet syndrome (DS) and up to 50 generalized tonic-clonic seizures daily, obtained a greater than 90% reduction in her seizures after three months of treatment with high-CBD-strain cannabis extract (later marketed as “Charlotte’s Web”) (Maa and Figi, 2014).

Subsequently, Porter and Jacobson reported on an internet-based survey in which 84% of parents who had administered CBD-enriched cannabis extract to 19 children with intractable epilepsy reported a significant reduction in seizure frequency (Porter and Jacobson, 2013). In 2015, Hussain et al. (2015) conducted a survey with similar results. Similar case reports, surveys, and small retrospective chart reviews suggested CBD may improve seizure control, alertness, mood, and sleep (Schonhofen et al., 2018).

This phenomenon has encouraged a high level of interest among physicians, medicinal chemists, pharmaceutical companies, and the general population, and led to impassioned pleas from families with children with severe epilepsy for access to cannabis derivatives (Filloux, 2015).

In January 2016, a retrospective Israeli study describing the effect of CBD-enriched medical cannabis on children with epilepsy was published (Tzadok et al., 2016). In this study, 74 patients with intractable epilepsy were enrolled and started on cannabis oil extract, continued for at least three months (average: six months). The selected formula contained CBD and THC at a ratio of 20:1 in olive oil. Seizure frequency was assessed according to a parental report during clinic visits. The results showed a reduction in seizure frequency in 89% of all children enrolled, with improvement in behaviour and alertness, language, communication, motor skills, and sleep.

In a recent meta-analysis (Pamplona et al., 2018), the data from 11 studies provided strong evidence in support of the therapeutic value of high-CBD treatments (CBD-rich cannabis extracts/purified CBD), at least as far as this population of 670 patients was concerned; patients treated with CBD-rich extracts reported a lower average dose (6.1 mg/kg/day) than those using purified CBD (27.1 mg/kg/day).

Randomised controlled trials of pharmaceutically prepared CBD have shown benefit for DS and Lennox Gastaut syndrome (LGS) (Devinsky et al., 2017, 2018; Thiele et al., 2018, 2019). Studies are underway to evaluate CBD efficacy for a broader range of epilepsy syndromes and more than 20 trials are currently listed on ClinicalTrials.gov.

■ Products available
The US Food and Drug Administration (FDA) has approved Epidiolex (GW Pharma) CBD oral solution for the treatment of seizures associated with LGS and DS, in patients two years of age and older (FDA, 2018) In July 2019, the European Medicines Agency (EMA) granted marketing authorisation for Epidyolex, “indicated for use as adjunctive therapy of seizures associated with LGS or DS, in conjunction with clobazam, for patients two years of age and older”. Detailed recommendations will be published following marketing authorisation by the European Commission (European Medicines Agency, 2019).

In anticipation of the commercialization of Epidyolex in Europe, the spectrum of medical cannabis products for epilepsy is significantly large. Artisanal cannabis products with variable ratios of CBD:THC soon became available across many countries and states. Users obtained products from government dispensaries and through internet purchasing (including Charlotte’s Web). Public interest in CBD products has partly been based on the belief that “natural” products may be safer with fewer adverse effects than conventional AEDs.

To date, several galenic products are available, according to European Pharmacopeia: cannabis decoction filter bags, unit dose formulation for inhalation, and cannabis extracts, mainly in olive oil.

Cannabis based preparations are mainly distinguished as CBD dietary supplements, and “CBD-enriched oils”, obtained from extraction of different Cannabis sativa L. chemotypes with high content of CBD, are the most popular products used. CBD is not a controlled substance in the European Union; several companies produce and distribute CBD-based products obtained from inflorescences of industrial hemp varieties. No analytical controls are mandatory and no legal protection or guarantees about the composition and quality, nor obligatory testing or basic regulatory framework to determine indication area, daily dosage, route of administration, maximum recommended daily dose, packaging, shelf life, and stability are required.

Magistral preparations from cannabis plants are more acceptable and have been approved by 10 more European countries (Abuhasira et al., 2018). Most of the regulators allow physicians to decide on the specific indications for prescription of cannabis-based products, but some regulators dictate only few specific indications. As opposed to herbal cannabis, cannabinoid-based medicines are authorized by the FDA and by most of the countries in Europe. Many countries have changed their legislation about medical cannabis in recent years and it is likely that the regulations will continue to change in the future. It should be noted that in many countries, there is a considerable gap between official authorization, which may be quite permissive, to actual access of patients to medical cannabis (Abuhasira et al., 2018).

Galenical “CBD oil” is prepared by pharmacists following medical prescriptions in several European Union countries such as Germany, Italy and Holland. The German Drug Codex (DAC), which is published by the Federal Union of German Associations of Pharmacists (ABDA) and functions as a supplementary book to the Pharmacopoeia, suggests a preparation of 5 % CBD in medium chain triglyceride oil, also indicating detailed analytical controls of galenic preparations (DAC, 2015). Six different varieties are available on the market in Europe, with standardized THC and CBD concentrations: Bedrocan, Bedrobinol, Bediol (from C. sativa, with 22%; 13.5% and 6.5% mean THC and <1%, <1% and 8% mean CBD, respectively), Bedica (from C. indica, with 14% THC and <1% CBD), Bedrolite (from C. sativa, with approximately 0.4% THC and 9% CBD) and Bedropuur (from C. indica, with high-THC and <1% CBD).

Poor levels of standardization are currently applied to the galenic preparation of cannabis oil extracts and there is a lack of regulatory measures that have resulted in insufficient quality control of artisanal preparations. Laboratory analyses have shown that most products have significantly different contents of individual cannabinoids compared with their marketing label (Vandrey et al., 2015). Carcieri et al. (2018) highlighted broad variability in THC and CBD concentrations, and showed that the interlot variability in extraction yields was higher for Bedrocan-based preparations, whereas Bediol-based preparations showed significantly higher extraction yields for both THC (compared to Bedrocan) and CBD (compared to Bedrolite).

Analytical controls are not mandatory for CBD-based products, leaving consumers with no legal protection or guarantees about the composition and quality of the product they are acquiring. Currently, CBD-based products are not subject to any obligatory testing or basic regulatory framework to determine the indication area, daily dosage, route of administration, maximum recommended daily dose, packaging, shelf life, or stability (box 1).

Among the above-mentioned strains, Bedrolite with CBD and THC contents of 9% and <1%, respectively, is frequently used for the preparation of galenic “CBD-based oil”. Moreover, pharmacies are allowed to distribute CBD oils obtained from hemp but declared as additives or aromatic preparations if produced in Italy, or designed as dietary supplement if imported from other European countries. “CBD-enriched oils”, obtained from extraction of different Cannabis sativa L. chemotypes with high content of CBD, are the most popular products used.

Since CBD, in contrast to THC, is not a controlled substance in the European Union, several companies produce and distribute CBD-based products obtained from inflorescences of industrial hemp varieties. The extraction procedure is called “supercritical CO2 extraction”, which provides an extract rich in CBD from the cannabis. There are different biological active compounds that can be isolated during the extract procedures: omega-3 fatty acids, vitamins, terpenes, flavonoids, and other phytocannabinoids such as cannabichromene (CBC), cannabigerol (CBG), cannabinol (CBN), and cannabidivarian (CBCV) (Calvi et al., 2018). During the extraction procedure, non-cannabinoid compounds are also isolated. Terpenes represent the largest group (more than 100 different molecules) of cannabis phytochemicals. These compounds have the ability to easily cross cell membranes and the blood-brain barrier. An entourage effect between cannabinoids and terpenes as a result of synergistic action has been hypothesized (Russo, 2011; Aizpurua-Olaizola et al., 2016).

With regards to cannabis macerated oils, there are major concerns about correct preparation methods and conditions regarding the evolution of major and minor compounds (cannabis and terpenes) during storage in order to define the ideal shelf-life (including storage temperature). Pavlovic et al. (2018) demonstrated, by analysing CBD oils commercially available in European countries, a high degree of variability of CBD concentrations in commercialized CBD oil preparations. The quality of 14 CBD oil preparations produced in different European countries and purchased on the internet was evaluated. Bedrolite macerated oil prepared as a galenic product was used as a reference therapeutic formulation. Nine out of the 14 samples studied had concentrations that differed notably from the declared amount, while CBD for the remaining five was within optimal limits (variation <10%).
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Overall, we might conclude that there is a huge variation in the quality and safety of the CBD-based preparations available on the market. Clear labelling regarding the exact concentration of CBD is not yet mandatory, CBD concentrations are not always in accordance with producer information, and there is extreme variability in the commercialized CBD oil preparations, justifying the need for stricter regulations/controls.

One further study has been published with similar results (Bonn-Miller et al., 2017). The aim of this article was to advise how to read CBD/cannabinoid product labels. Through an internet search with the following keywords, “CBD”, “cannabidiol”, “oil”, “tincture”, and “vape”, performed between September 12, 2016, and October 15, 2016, CBD products available for online retail purchase that included CBD content on the packaging were identified. Eighty-four products were purchased and analysed. Observed CBD concentration ranged between 0.10 mg/mL and 655.27 mg/mL (median: 9.45 mg/mL). Median labelled concentration was 15.00 mg/mL (range: 1.33-800.00 mg/mL). With respect to CBD, 42.85% (95% CI : 32.82%-53.53%) of products were under-labelled (n = 36), 26.19% (95% CI : 17.98%-36.48%) were over-labelled (n = 22), and 30.95% (95% CI: 22.08%-41.49%) were accurately labelled (n = 26). The 26% of products that contained less CBD than labelled could have negated any potential clinical response. The level of CBD in the over-labelled products in this study is similar in magnitude to levels that triggered warning letters to 14 businesses in 2015-2016 from the US Food and Drug Administration (i.e. actual CBD content was negligible or less than 1% of the labelled content), suggesting that there is a continued need for federal and state regulatory agencies to take steps to ensure accuracy of labelling of these consumer products. Under-labelling is less concerning as CBD appears to neither have abuse liability nor serious adverse consequences at high doses, however, the THC content observed may be sufficient to produce intoxication or impairment, especially among children. Although the exclusive procurement of products online is a study limitation given the frequently changing online marketplace, these products represent the most readily available to US consumers. Additional monitoring should be conducted to determine changes in this marketplace over time and to compare internet products with those sold in dispensaries. These findings highlight the need for manufacturing and testing standards, as well as oversight of medicinal cannabis products.

We performed a survey in Italy with questions outlined in table 2. In Italy, all the above-mentioned products are available, together with some further products: i.e. HEMPY® CBD OIL 5%-10%-50% ; FM2 (Military Pharmaceutical Institute of Florence), 5-8% THC and 7-12% CBD from C. Sativa ; and FM1 (Military Pharmaceutical Institute of Florence), 13-20% THC and <1% CBD from C. Sativa. The most frequent products used are Bedrolite, Pedianos 1/8, and above all CBD crystals 99%. All are very slowly titrated, and CBD crystals 99% are used at a dose of 2-25 mg/kg/day. Bedrolite originates from Holland, Pedianos from Canada, and FM1/2 from Italy. There is no evidence related to guidance on dose and relative safety. Regarding reimbursement, therapeutic cannabis costs around 9 euros per gram, and CBD crystal 99% oil costs around 20-25 euros for 10 mL at 5%. Cannabis can be prescribed free of charge for any pathology that exists with accredited scientific documentation (according to the “Di Bella” law 94/98). The indications for free cannabinoids are multiple sclerosis, anorexia, vomiting and nausea from chemotherapy or HIV, glaucoma, Tourette’s syndrome, and chronic pain. Only few regions in Italy is there also an indication for epilepsy. Any other indication outside these listed is subject to payment.
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A recent US survey reported 19 parents using an artisanal preparation of CBD-enriched oil to treat their children with treatment-resistant epilepsy, aged between 12 and 16 years (Porter and Jacobson, 2013). Twelve of 19 had DS, four Doose syndrome, and one each with epilepsy in females with intellectual disability, LGS, and idiopathic epilepsy. Overall, the results showed that two patients were reported to be seizure-free (one with DS and one with Doose syndrome), eight patients had >80% reduction in seizure frequency (5/12 patients with DS), three had >50% reduction (all DS), three had >25% reduction, and three patients experienced no change (two DS and one with Doose syndrome). Up to 80% reported positive side effects (better mood, increased alertness, and better sleep). Less than a third reported negative side effects (drowsiness, fatigue, and reduced appetite), and severe side effects were not reported. Similar results were reported in a different study based on parental reporting of response to oral cannabis extracts in 2015 (Press et al., 2015). Seventy-five patients were enrolled: 23% with DS and 89% with LGS. Fifty-seven percent reported no improvement in seizure control, and 33% reported a 50% reduction in seizures. If families had moved to Colorado for cannabis treatment, the responder rate was 47% but only 22% for those already living in Colorado. Adverse events occurred in 44% of the patients (increased seizures in 13% and somnolence and fatigue in 12%).

■ Legislation in different countries
The WHO Expert Committee on Drug Dependence recommended, on 24th January 2019, to the United Nations that preparations considered to be pure CBD should not be scheduled within the International Drug Control Conventions. The Committee proposed adding a footnote to the entry for “cannabis and cannabis resin” in Schedule 1 of the Single Convention on Narcotics Drugs of 1961 to specify that CBD preparations are not under international control. This recommendation was due to be considered by the UN Commission on Narcotic Drugs in March 2019, but the vote was postponed to allow member states more time to discuss the consequences of potential changes in scheduling of cannabis for national and international control measures1
.

The United Kingdom

A statement was issued by the Medicines and Healthcare products Regulatory Agency (MHRA) in 2016 that products containing CBD used for medical purposes are considered as a medicine, subject to standard licensing requirements (Medicines and Healthcare products Regulatory Agency, 2018). CBD with minimal THC (including Epidiolex®) is not a scheduled drug; cannabis-derived medicinal products containing >0.2% THC were, however, Schedule 1 and therefore required a Home Office licence to be utilised.

The Advisory Council on the Misuse of Drugs (ACMD) thereafter recommended that “cannabis-derived medicinal products of the appropriate standard” be moved out of Schedule 1 and, subject to further refinement of the definition of cannabis-based products for medicinal use, into Schedule 2. Synthetic cannabinoids were specifically excluded from this and reserved for further consideration. Moving cannabis-based products for medicinal use to Schedule 2 will mean those cannabis-based products can be prescribed medicinally where there is an unmet clinical need.

In light of the above, the UK Government has decided to lay regulations which will move cannabis-based products for medicinal use out of Schedule 1 and into Schedule 2 of the MDR, with the exception of synthetic cannabinoids. Subject to annulment by either House of Parliament, those regulations came into force on 1st November 2018. The Government has defined a cannabis-based product for medicinal use in humans as “a preparation or other product, other than one to which paragraph 5 of part 1 of Schedule 4 applies, which:


	– is or contains cannabis, cannabis resin, cannabinol or a cannabinol derivative (not being dronabinol or its stereoisomers);

	– is produced for medicinal use in humans;

	– and is (i) a medicinal product, or (ii) a substance or preparation for use as an ingredient of, or in the production of an ingredient of, a medicinal product”.



Under the proposed new regime, all cannabis-based products for medicinal use apart from Sativex® (listed in Schedule 4 of the MDR and which has a market authorisation) would be unlicensed medicines2.

United States of America
CBD is one of many cannabinoids present in cannabis, and as such is in Schedule 1 of the Controlled Substances Act (Schedule 1 is the most restricted/regulated drug class, reserved for medications with a high potential for abuse and no currently accepted medical use). The US FDA approved Epidiolex, the first ever drug derived from CBD, on June 25, 2018. Once approved by the FDA, the Drug Enforcement Administration (DEA) had 90 days to act since CBD is a Schedule 1 substance. On September 27, 2018, the DEA rescheduled Epidiolex as a Schedule 5 substance, which is in line with the FDA’s recommendation. Schedule 5 drugs, substances, or chemicals are defined as drugs with lower potential for abuse3
.

Canada

CBD is specifically listed in “Cannabis, its preparations and derivatives” as a controlled substance, according to the Schedule 2 Controlled Drugs and Substances Act. However, in 2016, Canada’s Access to Cannabis for Medical Purposes Regulations came into effect. These regulations improve access to cannabis used for medicinal purposes, including CBD (Government of Canada Justice Laws Website, 2017).

Australia
In 2015, CBD in preparations for therapeutic use, containing 2% or less of other cannabinoids found in cannabis, was placed in Schedule 4 as a “Prescription Only Medicine or Prescription Animal Remedy”. Previous to this, it was placed in Schedule 9 as a prohibited substance (Australian Government Department of Health Therapeutic Goods Administration, 2017).

New Zealand
CBD is a controlled drug, however, by passing the Misuse of Drugs Amendment Regulations 2017 in September 2017, many of the restrictions currently imposed by the regulations have been removed since then. The changes will mean that CBD products, in which the level of other naturally occurring cannabinoids is less than 2% of the cannabinoid content, will be easier to access for medical use (New Zealand Government Ministry of Health, 2017).

Switzerland
CBD is not subject to the Narcotics Act because it does not produce a psychoactive effect. It is still subject to standard Swiss legislation (Swiss Agency for Therapeutic Products, 2017).

France
As of 8th June 2013, cannabis derivatives can be used in France for the manufacture of medicinal products. The products can only be obtained with a prescription and will only be prescribed when all other medications have failed to effectively relieve suffering. Hemp CBD oil containing less than (and up to) 0.2% THC is allowed. The Minister for Health announced in November 2017 that the presence of CBD in products for public consumption was authorised providing there is a maximum of 0.2% THC (French National Agency for Medicines and Health Products Safety, 2018).

Italy
The Ministry of Health (MoH), from November 2015, can issue licences for cultivation, production, possession, and use, and herbal cannabis may be prescribed with medical prescription. The use of cannabis is licenced only for symptomatic treatment, in cases in which traditional treatments have failed. Eligible conditions are primarily spasticity, chronic pain, nausea from chemotherapy or HIV treatments, loss of appetite from cancer or AIDS, glaucoma, and Gilles de la Tourette syndrome. Licensed farmers deliver the cannabis to the MoH, who then allocate it for production. The pharmacists buy the active substance from the MoH using vouchers, and prepare magistral preparations accordingly (EMCDDA, 2018). Physicians should prescribe appropriate products based on genetic strain, dispensing amount, and consumption method for each patient. Currently, all legal cannabis sold in Italian pharmacies is derived from Holland (import fixed at 750 Kg for 2019), Italian cultivation by the Military Chemical and Pharmaceutical Institute of Florence (estimated production of 200 kg), and Canada (import fixed at 100 kg for 2018) (Zaami et al., 2018).

■ Conclusion

In conclusion, there is pronounced variability in CBD concentrations in commercialized CBD oil preparations. Differences in the overall cannabinoid profiles along with discrepancies in the terpene fingerprint justify the necessity to provide firmer regulation and control. Precise information regarding CBD oil composition is crucial for consumers, as individual doses throughout the administration period have to be adapted according to CBD bioavailability. This is of fundamental importance regarding consumer safety, as CBD oil preparations are used therapeutically, regardless of the fact that they are registered as dietary supplements.


1 https://www.who.int/medicines/access/controlled-substances/WHOCBDReportMay2018-2.pdf

2 https://www.england.nhs.uk/wp-content/uploads/2018/10/letter-guidance-on-cannabis-based-products-for-medicinal-use.pdf

3 https://www.fda.gov/news-events/press-announcements/fda-approves-first-drug-comprised-active-ingredient-derived-marijuana-treat-rare-severe-forms




The proposed mechanisms of action of CBD in epilepsy

Royston A. Gray, Benjamin J. Whalley

 

Cannabidiol (CBD) possesses affinity and functional agonist or antagonist activity at multiple 7-transmembrane receptors, ion channels, and neurotransmitter transporters (Ibeas et al. 2015). While a diverse pharmacology would be predicted, target engagement and subsequent therapeutic effect is dependent upon relevant systemic exposure to CBD. Thus, several targets are considered implausible based upon the low affinity and/or potency exhibited by CBD when compared to systemic exposures measured in the plasma of patients receiving therapeutic doses of purified CBD.

CBD has been shown to demonstrate positive effects against a wide spectrum of seizures based on animal model data (Klein et al., 2017). Of those targets where engagement is plausible, several have been investigated based upon their physiological relevance to maintaining normal neuronal function (e.g. membrane potential, neurotransmitter release and uptake, and postsynaptic calcium mobilization). While the precise mechanism of action of CBD in the control of epileptic seizures in humans remains unknown, recent evidence has focussed attention upon the following effects of CBD: modulation of intracellular Ca2+ (including effects on neuronal Ca2+ mobilization via GPR55 and influx via TRPV1) and modulation of adenosine-mediated signaling (figure 1). Here, we describe the pharmacological data supporting the roles of GPR55, TRPV1, and adenosine transport in the mechanism of action of CBD in the treatment of seizures in humans, as demonstrated by the ameliorations observed with CBD (Epidiolex in the US and Epidyolex in the EU) in Dravet and Lennox Gastaut syndromes (Devinsky et al., 2017, 2018; Thiele et al., 2018).

GPR55 was first identified as an orphan Class A G protein-coupled receptor (GPCR) enriched in brain (Sawzdargo et al., 1999) and was originally suggested as a novel cannabinoid receptor (Ryberg et al., 2007) and the subject of patent claims (Brown and Wise, 2001). However, poor sequence homology of GPR55 relative to CB1 and CB2 receptors, divergent pharmacology, and signal transduction suggest an alternative classification is appropriate, although at the time of writing, GPR55 remains an orphan receptor. GPR55 has been shown to utilize Gq, G12, or G13 for signal transduction and the subsequent increased intracellular Ca2+ concentration through release of inositol triphosphate (IP3)-gated intracellular Ca2+ stores and activation of RhoA and phospholipase C.

In 2007, Ryberg et al. (2007) identified endogenous 2-arachidonylglycerol (2-AG), virodhamine (O-arachidonoyl ethanolamine), noladin ether (2-arachidonoyl glyceryl ether), oleoylethanolamide and palmitoylethanolamide (PEA), exogenous ∆9-tetrahydrocannabinol (∆9-THC), and CP55940 as GPR55 agonists and first described CBD’s antagonism of the GPR55 receptor. While the putative endogenous GPR55 receptor agonist, l-α-lysophosphatidylinositol (LPI), has been consistently described as a micromolar potency agonist of GPR55 (Kapur et al., 2009), up to, and since this finding, the pharmacology of GPR55 has been the subject of significant investigation and has revealed emerging complexity.

As described by Sharir & Abood (2010), the molecular pharmacology of CBD at GPR55 is dependent upon the recombinant or endogenously expressing system and on the signalling system examined. The example pertinent to the present review is the observation that while CBD can antagonize LPI-induced, GPR55-mediated stimulation of GTPγS binding and ERK phosphorylation, no such effect on LPI-induced β-arrestin recruitment is observed. These data are suggestive of biased antagonism where the ligand, in this case CBD, possesses functional selectivity for G-protein-mediated cellular events over another. In the absence of convincing pharmacological data describing competition of LPI and CBD for the same binding site at the GPR55 receptor, this remains plausible. Furthermore, in native systems where LPI interacts with multiple molecular targets, it is possible that the apparent antagonism of LPI-mediated physiological effects by CBD may be through interaction with one or more of such targets, including GPR55.

Moreover, coupling the role of GPR55 in modulation of neuronal excitability to its involvement in the pathophysiology of seizure was bolstered by the observation that GPR55 receptor expression is increased in the epileptic hippocampus (Rosenberg et al., 2018).

Functional antagonism of GPR55 by purified CBD was investigated by examination of LPI-stimulated ERK1/2 phosphorylation in human GPR55-expressing HEK 293 cells. Purified CBD (1 μM) produced a parallel, rightward and marginally downward shift in the LPI concentration response curve, indicating functional antagonism of the GPR55 receptor. The primary evidence for the role of GPR55 in CBD’s mechanism of action comes from studies in which the effect of LPI on neuronal excitability was assessed in acute hippocampal slice preparations. Here, the effect of purified CBD on LPI-induced GPR55-mediated modulation of mEPSC was assessed by whole-cell patch clamp recording in hippocampal slices from epileptic rats, sacrificed two weeks following a 60-minute episode of sustained pilocarpine-induced temporal lobe seizure and littermate, vehicle-treated controls. Activation of GPR55 by LPI increased mEPSC frequency in hippocampal slices, the magnitude of which was significantly greater in epileptic than non-epileptic rats. Since LPI effects on mEPSC frequency are transient, CBD was applied 20 minutes before LPI and functionally antagonized GPR55-mediated increases in mEPSC frequency in both non-epileptic and epileptic conditions.

Adenosine has been described as the endogenous modulator of neuronal excitability (Dunwiddie, 1980); and the brain’s endogenous anticonvulsant and neuroprotectant (Weltha et al., 2018). The endogenous nucleoside adenosine is released locally upon cellular insult and mediates its physiological effects via interaction with four 7-transmenbrane G-protein-coupled receptors whose classification (A1, A2a, A2b, and A3) is based upon sequence homology and pharmacology. Each adenosine receptor subtype possesses a well-defined tissue distribution and second messenger coupling, reflecting their role in the modulation of neuronal excitability, inflammation, and cardiovascular function.

Given their expression in the CNS, in consideration of the role of adenosine as a negative modulator of excitatory transmission and therefore seizure termination, the key receptor subtypes of interest are A1, A2a, and A3. The anticonvulsive effects of adenosine are largely attributable to the activation of pre- and postsynaptic Gi/o protein-coupled adenosine A1 receptors, which upon activation by locally released adenosine, mediate the inhibition of presynaptic calcium influx, and postsynaptic hyperpolarisation through enhancement of inwardly rectifying potassium channels (Fredholm et al., 2005). In addition to the global inhibitory tone conferred by A1 receptor activation, adenosine further fine tunes neuromodulation, in part, by heterodimerization with other G-protein-coupled receptors and affects all major neurotransmitter and neurotrophin systems (Sebastiao and Ribeiro, 2009).
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Adenosine is a well-characterized endogenous anticonvulsant and seizure terminator of the brain through agonism of A1 and A2Areceptors, respectively. While an anti-inflammatory mechanism for seizure control through agonism of A2a receptors has been proposed (Sesbastiao et al., 2000; Ribeiro et al., 2012; Amorim, 2016), a causal link between regulation of neuroinflammation and seizure has not been demonstrated. Therefore, it is yet to be proven that agonism of A2a receptors is implicated in the control of seizure, preventing instigation of neuroinflammatory processes or visa-versa. Endogenous adenosine is uniquely able to control neuronal excitability on multiple levels, and, consequently, any pathological disruption of adenosine homeostasis is likely to affect network excitability. Evidence for the role of adenosine in seizure can be categorised in terms of effects of maladaptive changes in adenosine metabolism observed in epilepsy and the effect of selective pharmacological tools. Maladaptive changes in adenosine metabolism due to increased expression of the astroglial enzyme, adenosine kinase (ADK), play a major role in epileptogenesis (Bioson, 2016). Increased expression of ADK has dual roles in both reducing the inhibitory tone of adenosine in the brain, which consequently reduces the threshold for seizure generation. This process also drives an increased flux of methyl groups through the transmethylation pathway, thereby increasing global DNA methylation (Weltha et al., 2018). Through these mechanisms, adenosine is uniquely positioned to link metabolism with epigenetic outcome. Therapeutic adenosine augmentation therefore is not only central to suppression of seizures in epilepsy, but possibly also to the prevention of epilepsy and its progression overall.

Regarding the mechanism of action of CBD and interaction with the purinergic system, although lacking appreciable affinity for, and agonist activity at either A1 or A2a receptors, CBD increases extracellular adenosine as exemplified by the effects observed in the rat nucleus accumbens for two hours post-intrahippocampal injection (Mijangos-Moreno et al., 2014). Furthermore, CBD inhibits adenosine uptake into macrophages and microglia by the equilibrative nucleoside transporter and enhances suppression of tumour necrosis factor alpha (TNFα) (Liou et al., 2008). The most compelling direct evidence for CBD’s inhibition of adenosine reuptake comes from the ability of CBD to inhibit adenosine transport in rat synaptosomes. Here, CBD maximally inhibited [3H] adenosine uptake into rat synaptosomes in a concentration-dependent manner (IC50 1.1 μM) and the prototypic positive control equilibrative nucleoside transporter-1 (ENT-1) inhibitor dipyridamole exhibited the expected potency (Nichol et al., 2018). The role of adenosine in neuromodulation (Boison et al., 2016) in addition to CBD’s effect on adenosine reuptake, suggests that a component of CBD’s mechanism of action in seizure control in Dravet and Lennox-Gastaut syndromes is enhancement of adenosine-mediated signalling through increased availability of extracellular adenosine for agonism of A1 and possibly other centrally-expressed adenosine receptors.

TRPV1 is expressed widely throughout the central nervous system and peripheral afferent fibres (Caterina et al., 1997; Chung et al., 1985; Roberts et al., 2004; Tóth et al., 2005). TRPV1 promotes neuronal depolarization, increasing their firing rate and synaptic activity (Xing and Li, 2007). TRPV1 can be activated by a number of endogenous and exogenous stimuli including heat, N-acyl amides, arachidonic acid (AA) derivatives, vanilloids, protons, and cannabinoids (De Petrocellis et al., 2017). Initial observations by Bisogno and colleagues (2001) describing CBD as a TRPV1 receptor agonist were confirmed by De Petrocellis et al. (2011) who also observed rapid desensitization of the TRPV1 channel following CBD application.

TRPV1 expression is increased in human epilepsy (Sun et al., 2013) and unsurprisingly plays role in regulation of cortical excitability (Mori et al., 2012). The role of TRPV1 in the mechanism of antiepileptic activity of CBD is based upon the observations that CBD can activate and rapidly desensitize TRPV1 receptors at low micromolar concentrations in recombinant systems and in in vitro experimental models of epileptiform activity (Iannotti et al., 2014). Here, patch clamp analysis in human TRPV1-transfected HEK293 cells demonstrated that CBD activates and rapidly desensitizes TRPV1 in a concentration-dependent manner and the TRPV1 receptor specificity of the CBD effect confirmed by sensitivity of effect the TRPV1 receptor antagonist, capsazepine.

Moreover, in a recent pivotal study (Gray et al., 2019), the efficacy and potency of CBD on seizure threshold in an acute model of generalized seizure was examined in the TRPV1 knock-out mouse and compared to wild-type litter mates. While CBD dose-dependently increased the current required to induce seizures in 50% of animals, deletion of the TPRV1 gene resulted in a blunted response to CBD, identifying TRPV1 as a key target implicated in the mechanism of anticonvulsive action of CBD.

In addition to the description of proposed mechanisms of action responsible for the efficacy of CBD against seizures, it is equally important to understand those mechanisms that lack plausibility given the concentrations at which pharmacological engagement is observed. The aetiology of a significant proportion of patients diagnosed with Dravet is a loss of function polymorphism in the SCN1A gene. Voltage-gated sodium channel (Nav) blocking agents used in the treatment of seizures in Dravet Syndrome lack the potential to ameliorate and may exacerbate seizures. While a single report described the modulation of resurgent Nav current by CBD (Patel et al., 2016) and another described the inhibition of Nav channel function at concentrations higher than clinically relevant (Ghovanloo et al., 2018), the lack of effect of purified CBD on peak transient current and lack of use-dependent block has been reported (Gray et al., 2017). Similarly, while the positive allosteric modulation of GABAA chloride current by CBD has been described in recombinant systems (Bakas et al., 2017), this observation has not been independently confirmed and is observed at CBD concentrations in excess of those observed in patients.

While the precise mechanism of action of CBD in humans remains unknown, and there exist several plausible targets engaged by CBD beyond those described here, the preclinical evidence presented strongly implicates three molecular targets in the anticonvulsive properties of CBD. Thus, CBD reduces neuronal excitability through functional antagonism of GPR55 receptors, desensitization of TRPV1 receptors and inhibition of adenosine transport.


Pharmacology and drug interactions of cannabinoids

Cecilie Johannessen Landmark, Ulrich Brandl

 

■ Pharmacokinetic properties of CBD
CBD has challenging pharmacokinetic properties that differ from most other antiepileptic drugs (AEDs). An ideal drug would have near absolute bioavailability, distribution with low protein binding, and non-CYP mediated metabolism such that elimination would be predictable. In contrast, CBD has limited and variable bioavailability for oral oil formulations (<6%), due to extensive first pass metabolism in the liver (Bialer et al., 2017, 2018). It was recently demonstrated that the absorption is increased 4-5-fold when ingested with a fat-rich meal (Taylor et al., 2018). With new nanotechnology (PTL401 capsules), the relative oral bioavailability of cannabinoids, CBD and tetrahydrocannabidiol (THC), was increased by 31% and 16%, respectively, when compared to oromucosal spray in 14 volunteers (Atsmon et al., 2018).

CBD has a 99 % protein binding capability, leaving only 1% accessible to be distributed across the blood-brain barrier for pharmacological action (table 1). Changes in protein binding due to low albumin or interactions with other highly bound drugs could then affect this parameter. The volume of distribution of such drugs is extremely large, and clearance could be affected if the drug is a low extraction drug in the liver. CBD is metabolised through CYP2C19 to the active metabolite, 7-hydroxy-CBD, and further to inactive metabolites as a carboxylic acid and glucuronoids through CYP3A4 and UGTs (figure 1). The inactive metabolites are excreted in the faeces and urine (figure 1, table 1).

Despite the publication of almost 800 articles, revealed in a recent update on the pharmacokinetics of cannabidiol in humans, appropriate data to draw quantitative comparisons was only available from 24 studies (Millar et al., 2018). This highlights the need for more research and documentation.

■ Pharmacokinetic interactions
CBD exhibits numerous interactions with AEDs, both pharmacodynamic and pharmacokinetic (Johannessen Landmark and Patsalos, 2010; Johannessen and Johannessen Landmark, 2010; Johannessen Landmark et al., 2012, 2016; Patsalos, 2013a, 2013b). Pharmacokinetic interactions are easier to evaluate, as the consequence of such interactions includes a change in the serum concentration of the affected drug. Pharmacokinetic interactions may affect the processes of absorption, distribution (protein binding), metabolism, and excretion; the most important step being metabolism by enzyme induction or enzyme inhibition. Commonly used AEDs that interact with CBD include both potent enzyme inducers, such as carbamazepine and phenytoin, and inhibitors, such as stiripentol, felbamate, and valproate (Johannessen and Johannessen Landmark, 2010; Johannessen Landmark et al., 2012, 2016; Patsalos, 2013a, 2013b). CBD is also included among the enzyme inhibitors, as illustrated in figure 2. The clinical impact of such interactions in the individual patient is difficult to predict and may have no, moderate, or serious consequences. The measurement of unbound CBD concentration in patients would improve our understanding of drug exposure in the body. Patients should be systematically questioned regarding efficacy, tolerability, and adherence, and serum concentrations should be measured and dosages adjusted accordingly, in order to optimize treatment in each patient.
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■ What do we know so far?
A few studies have characterized the pharmacokinetic interactions between CBD and other concomitantly used drugs, based on the results from clinical trials. Enzyme inhibition by CBD, causing higher levels of various other AEDs, has been shown. Interactions caused by other cannabinoids are less described. The best characterized interaction is the combination of CBD and clobazam, which was a common combination in the clinical studies of CBD. High levels, with up to a five-fold increase in desmethylclobazam, caused an increased risk of toxicity, although there was extensive variability between patients (Geffrey et al., 2015). Sedation was more frequently reported in patients who had high levels of desmethylclobazam (Gaston et al., 2017). This interaction could also contribute to improved seizure control as measured in the studies, however, no comparison of CBD without concomitant use of clobazam has been performed.

Furthermore, serum levels of topiramate, rufinamide, and desmethylclobazam increased moderately in children and adults, and zonisamide and eslicarbazepine levels were found to increase in adults with increasing dose of CBD (Gaston et al., 2017) (figure 3). This has to be studied more closely (Franco and Perucca, 2019). The concentration/dose ratio of topiramate increased by 25% in one of our patients in combination with CBD at 20 mg/kg. In addition, we observed a 70% increase in the concentration/dose (C/D) ratio of desmethylclobazam following CBD initiation even at a very low exposure of 1 mg/kg/day (Johannessen Landmark, unpublished observations).
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It is likely that other AEDs would be affected based on their metabolic pathways, and CBD may inhibit drugs such as lamotrigine which is mainly metabolised through UGT1A4 and is highly susceptible to enzyme inducers and inhibitors (Johannessen Landmark and Patsalos, 2010; Johannessen Landmark et al., 2016). Furthermore, anecdotal reports indicate that CBD may influence perampanel, metabolised through CYP3A4, via enzyme inhibition, as increased sleepiness was reported in patients following initiation of CBD.

■ What we do not know?
Possible pharmacokinetic interactions with other AEDs that affect the metabolism of CBD are not yet documented but might be of clinical relevance, such as clobazam. The combination of CBD and stiripentol or valproate is being studied in a Phase 2 trial which may provide answers regarding possible interactions at the level of metabolism as well as protein binding.

Since CBD is metabolised through common pathways that might be affected by other enzyme inducers and inhibitors, conversely, the potential effect of CBD metabolism on other enzyme inducers and inhibitors has not yet been studied. Inducers act at various steps during the metabolism of CBD, CYP3A4, 2C19 and UGTs (carbamazepine, phenytoin), and inhibitors during the metabolism of CYP2C19 and UGTs (stiripentol, felbamate, valproate, and the mixed inducer/inhibitor oxcarbazepine) (Johannessen and Johannessen Landmark, 2010; Patsalos, 2013a; Burns et al., 2016).

Since CBD is 99% protein bound, possible displacement interactions with other highly bound AEDs may occur, such as those commonly used for Dravet syndrome which include stiripentol and valproate. Other candidates might also include clobazam and perampanel based on a recent review of the use of therapeutic drug monitoring (TDM) and measurements of unbound concentrations of all AEDs (Patsalos et al., 2017; Patsalos et al., 2018).

There are therefore still a number of unanswered questions regarding the pharmacology of CBD due to its challenging pharmacokinetics, including absorption and interactions, as also pointed out in a recent expert review (Brodie and Ben-Menachem, 2018).

■ Recommendations for handling of CBD
Clinical experience has shown that CBD is effective in controlled randomized trials for Dravet and Lennox-Gastaut syndrome. Open drug trials have shown a similar effectiveness in children with CDKL-5, Aicardi syndrome, Dup15q and Doose syndrome (Devinsky et al., 2018a). Many case reports also show successful treatments for other epilepsy syndromes (Arzimanoglou et al., 2020).

CBD is administered orally as an oily solution. In the controlled studies, doses up to 20mg/kg/day were used and in open-label studies even higher doses, mostly up to 25mg/kg, were used. Safety data from the controlled trials show a clear dose dependency of adverse effects such as somnolence, diarrhoea and appetite loss (Devinsky et al., 2018a; Thiele et al., 2018) (figure 4). Most other adverse effects were not significant relative to the placebo groups. The odds ratio for discontinuation due to adverse effects was 1.45 (95% CI: 0.28-7.41; p =0.657) and 4.20 (95% CI: 1.82-9.68; p= 0.001) for CBD at the doses of 10 and 20 mg/kg/day, respectively, in comparison to placebo based on a meta-analysis from the available controlled studies (Lattanzi et al., 2018). Efficacy data, however, show that a significant proportion of children already respond to doses of 10mg/kg/day (figure 4) in studies on Lennox-Gastaut syndrome. Therefore a “start slow” and “increase individually” strategy is recommended. A starting dose of 5mg/kg/day, given in two doses, appears to be adequate. This dose should be increased to 10mg/kg/day after two weeks of treatment. Thereafter, the individual response should be carefully observed. The observation time needed strictly depends on baseline seizure frequency before administration of CBD. If the drug is well tolerated but not sufficiently effective, the dose should be slowly increased in increments of 5mg/kg/day, as long as it is tolerated, up to a maximum of 20-25mg/kg/day (box 1).
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■ Handling CBD in combination with clobazam and/or stiripentol
Special care should be taken if CBD is added to clobazam treatment. In some cases, extreme increases in clobazam/desmethylclobazam levels were observed (Devinsky et al., 2018a, 2018b, 2018c). Adverse effects such as fatigue, somnolence, ataxia, a decrease in cognitive function or behavioural changes might indicate toxic benzodiazepine levels. Clinically, this is difficult to distinguish from possible adverse effects of CBD itself. Therefore, monitoring of clobazam/desmethylclobazam levels is strictly recommended. Baseline TDM should be performed in these patients before administration of CBD and then after each increase. If a significant increase in benzodiazepine levels is observed, an adequate decrease in clobazam dose is recommended. Regarding the extent of decrease in dose, an estimate based on linear kinetics is adequate (benzodiazepine levels should be rechecked after dose reduction).

Stiripentol, like CBD, inhibits the same CYP P450 subtype 2C19. Therefore, a further increase in benzodiazepine levels will be uncommon if the patient is already on stiripentol. As the number of available data on these combinations is still limited, it cannot be fully excluded that some patients still might react with a further benzodiazepine increase. This might be the case particularly in patients receiving lower than recommended (50mg/kg/day) doses of stiripentol. Therefore, a baseline clobazam/desmethylclobazam level should also be measured in this patient group. The levels should be re-checked in the event of one of the above-mentioned adverse effects.

■ Recommendations for drug level and safety monitoring
Regarding safety aspects and risks, the levels of liver enzymes, AST and ALT (markers of toxicity), increased up to more than three-fold in patients who used valproate concomitantly, causing withdrawal of CBD in some cases (Gaston et al., 2017; Devinsky et al., 2018b). In addition to TDM, biochemical markers of toxicity may be measured, such as liver enzymes, for improved knowledge and patient safety (Johannessen Landmark and Johannessen, 2012).

CBD is initially metabolised by CYP2C19, an enzyme that exerts pharmacogenetic variability, and some patients are poor or extra-rapid metabolisers (de Leon et al., 2013;  Johannessen Landmark et al., 2016). Polymorphisms (*1,2,3) exist and are present at different frequencies according to ethnic group; e.g. 2% in Caucasians but 20-25% in the Asian population (de Leon et al., 2013). Thus, pharmacogenetic variability and the possibility that some patients may experience adverse effects at low exposures should be considered. In this regard, previous observations of unexpected high levels of desmethylclobazam should be noted.

The metabolism of CBD has been hypothesised to account for possible CBD-related hepatotoxic effects. In one study, it was shown that 50% of CBD metabolism gave rise to the metabolite, 7-OOH-CBD, which exhibits, in part, the chemical structure of the fatty acid valproate, 2-n-VPA, and this valproate metabolite has been associated with hepatotoxicity as well as teratotogenic effects (Ujvary and Hanus, 2016). One may therefore speculate whether this metabolite of CBD causes the hepatoxic effects by the same mechanism as that involved in valproate-induced hepatotoxicity, however, this remains to be investigated.

Attention to clinical pharmacology and AED interactions, as well as TDM, should reveal these effects and it is highly recommended to follow changes in serum concentrations of all drugs in use for all patients initiating CBD as a basis for appropriate dosage adjustment in order to take this safety aspect into account. TDM should always be requested on clinical grounds and should form the basis for establishing an individual reference range where the patient has achieved an optimal balance between efficacy and tolerability. This concentration would then serve as a reference for further follow-up, dosage adjustments, and initiation and withdrawal of various comedications (Patsalos et al., 2008; Johannessen Landmark et al., 2016; Patsalos et al., 2018). The serum concentrations of other concomitantly used AEDs as well as other relevant drugs in use, such as psychotropic drugs (mood stabilisers, antidepressants, and antipsychotics), should also be followed to reveal possible pharmacokinetic interactions or reasons for poor clinical effects or observed adverse effects.

Pharmacogenetic testing of CYP2C19 could be performed if a poor metabolizer (PM) genotype is suspected based on unexpectedly high levels of CBD relative to the dose.

Safety monitoring of liver enzymes is highly recommended. In the controlled trials, 8% of the patients showed significantly increased liver enzymes at 10 mg/kg/day and 16% at 20mg/kg/day in combination with valproate (Devinsky et al., 2018b). This condition led to withdrawal of CBD if AST or ALT showed a three-fold increase over baseline in the presence of any symptoms (fever, rash, nausea, abdominal pain, or increased bilirubin) or an eight-fold increase in the absence of such symptoms. In rare cases, an increase in ALT/AST was observed with 20mg/kg/day CBD without concomitant use of valproate, but not with lower doses of CBD. The increase in liver enzymes was reversible in about half the cases, without taking any action; in the remaining cases, CBD was withdrawn, leading to normalization of AST/ALT (Devinsky et al., 2018b).

With the exception of clinical trials, significantly increased liver enzymes should lead to at least withdrawal or a reduction of CBD or valproate. A decrease in valproate should be considered first if the patient’s history does not indicate a significant benefit with valproate but a favourable effect with the addition of CBD. In all other cases, CBD should be withdrawn or reduced to 10mg/kg. A mild increase in ALT/AST can be observed for a few weeks before taking any action.

■ Conclusions
AEDs exhibit extensive pharmacological variability with numerous interactions with CBD. CBD demonstrates a challenging pharmacokinetic profile with low bioavailability, significant protein binding, and interactions with various metabolic pathways in the liver, including CYPs that are susceptible to pharmacogenetic variability and drug interactions.

More pharmacokinetic studies are needed, as many AEDs are affected, causing increased concentrations and risk of toxicity. The interaction with clobazam has been best characterised, giving rise to a several-fold increase in the active metabolite desmethylclobazam, with risk of excessive adverse effects. Serum concentration measurements and the use of TDM and biochemical markers of toxicity, such as liver enzymes, are important for improved knowledge and patient safety. This is recommended for all patients initiating CBD treatment in order to follow changes in serum concentration of all drugs as a basis for appropriate dosage adjustment.

Since the pharmacokinetics of CBD is highly variable and unpredictive, CBD is used as polytherapy in patients with refractory epilepsy, often with a high drug burden. As there are numerous possible pharmacokinetic interactions resulting in possible toxicity, TDM should be implemented to individualise treatment with CBD, thus pharmacological observations may be documented and related to clinical outcome of CBD treatment in a safe way.


The role of cannabinoids in epilepsy treatment: a critical review of efficacy results from clinical trials

Rima Nabbout, Elizabeth A. Thiele

 

The use of natural cannabinoids in the treatment of epilepsy was reported in ancient Greek and Arabic medical texts. During the 1850s and 60s there were numerous reports in the medical literature describing the effectiveness of cannabis in the treatment of several medical conditions, including epilepsy. In the 1980s and 90s, several reports of small series or case reports of the use of cannabis extracts in epilepsy yielded contradictory results (Cunha et al., 1980; Ames and Cridland, 1986; Trembly and Sherman, 1990). More recent reports of the efficacy of cannabis use in patients with epilepsy have also been inconclusive (Gross et al., 2004; Hamerle et al., 2014). A limitation of all of these studies was that the composition of the extracts used was not available, and likely highly variable including the concentrations of CBD in the extracts. However, CBD was shown to have anti-seizure activity based on in vitro and in vivo models (Jones et al., 2010; Devinsky et al., 2014).

A new interest in the clinical use of CBD enriched cannabis extracts in the treatment of pharmacoresistant epilepsies was prompted by media reports of efficacy in children with Dravet syndrome (DS) and surveys of parental evaluation of CBD efficacy from Colorado, USA, where medical cannabis was available for medical prescriptions (Porter and Jacobson, 2013).

In 2013, the first Phase 1 trial for a purified form of CBD (Epidiolex; >99% CBD), developed by GW Pharma, was initiated. Subsequently, a comprehensive program on the efficacy and tolerability of this compound for the treatment of drug-resistant epilepsies was initiated. Results of these trials led to the FDA approval of this formulation of purified CBD on June 25, 2018: “Epidiolex is indicated for the treatment of seizures associated with Lennox-Gastaut syndrome (LGS) or DS in patients two years of age and older”. Thus, CBD became the first FDA-approved purified drug substance derived from cannabis and also the first FDA-approved drug for the treatment of seizures in DS. More recently, Epidyolex was also approved by the European Medicines Agency as treatment for DS and LGS in combination with clobazam treatment.

This chapter will detail the clinical studies using purified CBD (Epidiolex), including the first open interventional exploratory study and RCTs for DS and LGS:


	– Drug-resistant epilepsy in childhood and young adults (2-30 years old): an expanded access program in the USA (Devinsky et al., 2016);

	– Dravet syndrome: two RCTs (GWCARE 1 et 2) (Devinsky et al., 2017);

	– Lennox-Gastaut syndrome: two RCTs (GWCARE 3 and 4) (Thiele et al., 2018; Devinsky et al., 2018a);

	– Dravet syndrome: an open-label extension study (GWCARE 5) (Devinsky et al., 2019).



■ Prospective open interventional study (Devinsky et al., 2016)
This open-label interventional trial recruited children and young adults with drug- resistant, childhood-onset epilepsies. This design was organized as a large exploratory study in patients with drug-resistant epilepsies fulfilling the following inclusion criteria: age 1-30 years, pharmacoresistant childhood-onset epilepsy, more than four countable seizures with a motor component over a four-week period, and a stable therapy regimen (AEDs, ketogenic diet, VNS) for at least four weeks prior to enrolment.

After enrolment, patients had a four-week baseline period in which parents kept a seizure diary. After this observational period, Epidiolex was added to the patients’ current regimen at 2-5mg/kg/d, divided twice daily, then increased by 2-5mg/kg/d every week until intolerance or until a dose of 25-50mg/kg/d was reached.

The primary objective was to establish the safety and tolerability of CBD, and the primary efficacy endpoint was median percentage change in the mean monthly frequency of motor seizures at 12 weeks. Efficacy was examined based on modified intention-to-treat analysis.

Between January 15, 2014, and January 15, 2015, 214 patients were enrolled; 162 (76%) patients who had at least 12 weeks of follow-up after the first dose of CBD were included in the safety and tolerability analysis, and 137 (64%) patients were included in the efficacy analysis.

In the safety group, 33 (20%) patients had DS and 31 (19%) patients had LGS. The remaining patients had different drug-resistant epilepsies with variable syndromes and aetiologies including patients with CDKL5 mutations, tuberous sclerosis complex, and myoclonic atonic epilepsy.

Tolerability and safety data were obtained for 162 patients (76%). Of this group, 78% showed adverse events (AEs), with somnolence in 25%, decreased appetite in 19%, diarrhoea in 19%, and fatigue in 13%. Serious AEs were reported in 20%, with status epilepticus, diarrhoea, and weight loss being the most common. Serious AEs (status epilepticus and diarrhoea plus weight loss) led to treatment discontinuation in 3% of patients.

For the efficacy analysis, the median reduction of motor seizures reached 36.5% over the 12-week treatment period, with five patients free of motor seizures. Reduction was >50% in 39%, >70% in 21%, and >90% in 9%. The median reduction was higher for patients with DS, who reached 49.8% reduction. Patients with atonic seizures (32 patients) showed a significant response, as 56% had >50% reduction in seizures and 16% became seizure-free (Devinsky et al., 2016).

■ Dravet syndrome (DS)
DS is an infantile-onset epilepsy presenting in a previously normal child before the age of 15 months (and often before one year of age) with prolonged, typically febrile and hemiclonic, seizures evolving into status epilepticus. Patients progressively develop other seizure types a few months after the onset including myoclonic, focal, and generalized tonic-clonic seizures, accompanied by developmental plateauing. DS is a highly pharmacoresistant epilepsy with poor developmental outcome including psychiatric disorders and disorders of behaviour, gait, sleep, and speech.

Prior to these trials, only one drug had completed a RCT for DS during its development (Diacomit*, Biocodex) and was registered in Europe in 2014 and in the USA in 2019, in association with clobazam. Other drugs showed variable degrees of efficacy on seizure reduction in patients with DS but were reported mostly in retrospective studies, and less in prospective studies. These treatments included topiramate, zonisamide, the ketogenic diet, and bromide. The treatment approach in different countries varies depending upon medication availability. Patients with DS are usually on polytherapy and seizure control is rarely achieved (De Liso et al., 2016). Thirty-two patients with DS were included in the first open-label CBD interventional trial; as described above, patients with DS showed a median decrease in motor seizures of 49.8% showing a higher response in this group compared to 36.5% median reduction of motor seizures in the trial at large, over the 12-week treatment period. This exploratory study provided a promising “signal” (Chiron et al., 2013) to continue further development of CBD for patients with DS and LGS.

Randomized controlled trial for DS (GWPCARE1) (Devinsky et al., 2017)
This study included patients with DS aged two to 18 years, with confirmation of a diagnosis made by the epilepsy study consortium. For eligibility, patients had to be inadequately controlled by at least one current drug and have ≥four convulsive seizures (tonic-clonic, tonic, clonic, or atonic seizures) during the four-week baseline period.

Exclusion criteria included: use of any other cannabis derivative within three months prior to entering or during the study, presence of a progressive diagnosed medical illness, evidence of impaired hepatic function on laboratory testing, and known or suspected hypersensitivity to cannabinoids or any of the excipients of the investigational medicinal products.

CBD oral solution (100mg/ml) or placebo was added to current AEDs starting at 2.5mg/kg/day and titrated to 20mg/kg/day over two weeks. The dose of 20mg/kg/d was set by an independent drug safety monitoring committee based on pharmacokinetic and safety data from an initial part of this study (Part A) evaluating doses of 5, 10, and 20mg/kg/day. The titration period was followed by a 12-week dose-maintenance period. The total treatment duration was 14 weeks, comprising the two-week titration period plus the 12-week treatment period.

The primary endpoint was the median percentage change in convulsive seizure frequency from the four-week baseline period compared to the 14-week treatment period among patients who received CBD, compared with placebo. The secondary endpoint measures included: the Caregiver Global Impression of Change (CGIC), assessed on a Likert-like scale; the number of patients with at least 25%, 50%, 75% and 100% reduction in convulsive seizure frequency; the duration of seizure subtypes assessed by the caregiver (decrease, no change, or increase in average duration); sleep disruption, assessed on a numerical rating scale from 0 to 10; the change in score on the Epworth Sleepiness Scale; score based on the Quality of Life in Childhood Epilepsy questionnaire; score based on the Vineland Adaptive Behaviour Scales (second edition); the number of hospitalizations due to epilepsy; the number of patients with emergence of new seizures types compared to baseline period; and the use of rescue medication.

The safety profile of CBD was assessed on the basis of the number, type, and severity of AEs as well as the Columbia Suicide Severity Rating Scale (for patients ≥six years of age, when appropriate), vital signs, electrocardiographic variables, laboratory safety variables, and physical examination variables; safety end points were monitored at each visit. The palatability of the trial agent was assessed by caregivers on a 5-point scale, ranging from “liked it a lot” to “did not like it at all”.

This study recruited in 33 study centres in the US and Europe. Over all centres, 177 patients were screened and 120 were randomized. The median age at inclusion was 9.7 years (range: 2.5-18.0) in the CBD group and 9.8 years (range: 2.3-18.4) in the placebo group. Patients in both groups had previously been treated with a median of four AEDs (0-26 for the CBD group and 0-14 for the placebo) and were currently on a median of three AEDS (1-5) for both groups. Seizure number in the four-week baseline period did not differ significantly, with 12.4 (6.2-28) seizures in the CBD group and 14.9 (7-36) in the placebo group.

The median reduction in seizure frequency was significantly higher in the CBD group during both the total treatment period (39% vs. 13%; p=0.01) and maintenance period (41 vs. 16%, p=0.002). Based on the CGIC scale, 37 of 60 caregivers (62%) judged their child’s overall condition to improve in the CBD group, compared with 20 of 58 caregivers (34%) in the placebo group (p=0.02). There was no significant difference in sleep scores or QoL scales, moreover, no worsening was reported.

The adverse-event profile of CBD in this trial was similar to that seen in the open-label interventional study, including somnolence (36% in the CBD group vs. 10% in the placebo group), loss of appetite (28% vs. 5%), and diarrhoea (31% vs. 10%). Of the 22 patients in the CBD group in whom somnolence was reported, 18 were taking clobazam, compared with five of six patients in the placebo group. AEs led to a dose reduction in 10 patients in the CBD group, with complete resolution in eight patients and partial resolution in one patient; in the remaining patient, the AE (loss of appetite) was ongoing. There were few dose adjustments of concomitant antiepileptic drugs during the trial. Abnormalities of hepatic aminotransferase levels occurred only in patients taking valproate, and all resolved spontaneously or with a dosage decrease.

Serious AEs were more common in the CBD group than in the placebo group (16% vs. 5%), and AEs led to withdrawal in eight patients in the CBD group compared with one in the placebo group.

■ Lennox Gastaut syndrome (LGS)

Randomized controlled trial 1 for LGS (GWPCARE3) (Thiele et al., 2018)

This RCT included patients aged 2-55 years with a diagnosis of LGS. LGS diagnosis was based on evidence of >one type of generalized seizure, including drop seizures for ≥six months with documented history of a slow (<3-Hz) spike-and-wave pattern on the EEG. Diagnosis was confirmed by the epilepsy study consortium.

Eligibility criteria included: refractory seizures on more than two AEDs, inclusive of previous and current treatment with at least one AED at the time of inclusion; eight or more drop seizures during the four-week baseline period provided that the patient presented with at least two seizures per week; and all medications and interventions for epilepsy (including the ketogenic diet and vagus nerve stimulation) stable for four weeks before screening.

Exclusion criteria were applied for any patient who: used any cannabinoid derivative within three months of entering the study or not abstaining from use during the study; presented a progressive diagnosed medical illnesses; was initially administered felbamate within the past 12 months; showed significantly impaired hepatic function on liver tests; and finally patients with known or suspected hypersensitivity to cannabinoids or any of the excipients of the investigational medicinal products.

CBD oral solution (100mg/ml) or placebo was added to current AEDs starting at 2.5mg/kg/day and titrated to 20mg/kg/day over two weeks. This titration period was followed by a 12-week dose-maintenance period. The overall duration of the treatment period was 14 weeks; two weeks titration plus the 12 weeks of treatment.

The primary end point was the percentage of change from baseline in drop seizures over the 14-week treatment period. The secondary endpoints included the proportion of patients achieving a >50% reduction in drop seizures, the percentage of change in total seizure frequency, and finally the change from baseline in patient and caregiver global impression of change.

In this study, 171 patients were randomized (86 to CBD and 85 to placebo). The mean age was 15 years with 34% over 18 years. Patients included had previously tried a median of six AEDs and were currently taking a median of three. The median drop seizure frequency over the four-week baseline was 74.

During the 14-week treatment period, patients on CBD achieved a 44% median reduction in drop seizure frequency vs. 22% in the placebo group (primary end point; p=0.0135). In the same treatment period, patients had a 49% median reduction in non-drop seizures vs. 23% in the placebo group (p=0.004). Regarding the response for both seizure types (drop and non-drop), patients on CBD had a 41.2% median reduction in seizure frequency compared to 13.7% in the placebo group (p=0.0005).

In addition to seizure frequency reduction, in the CBD group, caregivers or patients were significantly more likely to report an improvement in condition (OR=2.54 ; p=0.0012).

A total of 86% patients in the CBD and 69% in the placebo group had AEs, with 78% rated as mild or moderate in the CBD group. The major treatment-emergent AEs were diarrhoea, somnolence, pyrexia, and decreased appetite.

A higher incidence of somnolence was observed in patients on AED regimens that included clobazam (CLB) compared with those without CLB for both the CBD (22% vs. 9% patients) and placebo (16% vs. 2% of patients) groups. In addition, in the CBD group, a higher incidence of elevated transaminases was observed in patients on antiepileptic drug regimens that included valproate compared to those without valproate (19% vs. 5%).

Randomized controlled trial 2 for LGS (GWPCARE4) (Devinsky et al., 2018a)
This RCT was designed with the same inclusion and exclusion criteria as well as primary and secondary endpoints and the first LGS trial. The only difference with the previous study was the addition of a third arm consisting of CBD at a lower dose of 10mg/kg/d.

A total of 225 patients were randomized; 76 to 20mg/kg/day, 73 to 10mg/kg/day, and 76 to placebo. The mean age was 15.3 (2.6-43.4 for the placebo group, and 15.4 [2.6-42.6] and 16 years [2.6-48] for the 10 and 20 mg/kg/day CBD groups, respectively). The number of drop seizures during the four-week baseline was 80.3 (47.8-148.0), 86.9 (40.6-190.0), and 85.5 (38.3-161.5) in the 20mg/kg/d, 10mg/kg/d, and placebo group, respectively.

The reduction in seizure frequency was 41.9% and 37.2% in the 20 and 10mg/kg/d CBD group, respectively, vs. 17.2% in the placebo group, revealing a significant difference in both CBD arms relative to placebo (p=0.005 and p=0.002, respectively).

Somnolence, diarrhoea, and decreased appetite were the major treatment-emergent AEs. An increase in liver enzymes was predominantly found in patients with valproate.

Open-label extension study (GWPCARE5) (Devinsky et al., 2019)
Patients who completed GWPCARE1 Part A (NCT02091206) or Part B, or a second placebo-controlled trial, GWPCARE2 (NCT02224703) (data not published), were invited to enroll in a long-term open-label extension trial, GWPCARE5 (NCT02224573). GWPCARE5 is an ongoing open-label extension trial of add-on CBD in patients with DS who completed GWPCARE1 or GWPCARE2 and patients with LGS who completed treatment in one of two Phase 3 trials (GWPCARE 3 and GWPCARE4).

The first report of GWPCARE5 is the interim analysis for safety, efficacy, and patient-reported outcomes for patients with DS enrolled in this open study (Devinsky et al., 2019).

Patients entered this extension phase after the end of the maintenance period of 12 weeks. Investigators could decrease the dose of CBD and/or concomitant AEDs if a patient experienced intolerance or could increase the dose to a maximum of 30mg/kg/d if thought to be of benefit by the physician. The data cut-off for this interim analysis was November 3, 2016.

The primary objective of this open-label extension was to evaluate the long-term safety and tolerability of adjunctive CBD treatment, based on treatment-emergent AEs (occurring at any time during the open-label extension, from enrolment through to follow-up visit), vital signs, 12-lead electrocardiograms, and clinical laboratory parameters. Secondary objectives were to evaluate the efficacy of CBD and patient-reported outcomes based on changes in the Subject/Caregiver Global Impression of Change (S/CGIC) scale.

By November 2016, at the time of cut-off analysis for GWPCARE5, 278 patients with DS from the completed GWCARE1 study and the ongoing GWCARE2 study had completed the original randomized trials, and 264 (95%) enrolled in this open-label extension.

Median treatment duration was 274 days (range: 1-512) with a mean modal dose of 21mg/kg/d. Patients received a median of three concomitant antiepileptic medications. AEs occurred in 93.2% of patients and were mostly mild (36.7%) or moderate (39.0%). Commonly reported AEs were the same as those reported in the RCTs: diarrhoea (34.5%), pyrexia (27.3%), decreased appetite (25.4%), and somnolence (24.6%). Seventeen patients (6.4%) discontinued due to AEs. Twenty-two of 128 patients from GWPCARE1 (17.2%), all on valproic acid, had elevated liver transaminase, ≥three times greater than the upper normal limit.

In patients from GWPCARE1 Part B, median reduction from baseline in monthly seizure frequency, assessed in 12-week periods up to Week 48, ranged from 38% to 44% for convulsive seizures and 39% to 51% for total seizures. After 48 weeks of treatment, 85% of patients/caregivers reported improvement in the patients’ overall condition based on the Subject/Caregiver Global Impression of Change scale.

This trial showed a good tolerance of long-term CBD treatment with an acceptable safety profile without new-emergent side effects. CBD led to a sustained and clinically meaningful reduction in seizure frequency in patients with treatment-resistant DS in this extension phase.

■ Conclusion

CBD has been shown to be effective, safe, and well tolerated as a treatment for DS and LGS. CBD (20mg/kg/day) as an add-on to existing AEDs resulted in significantly greater reductions in total seizure frequency vs. placebo with a significant reduction of convulsive seizures vs. add-on placebo in patients with DS and drop seizures in patients with LGS. This efficacy was achieved on 20mg/kg/d in DS and LGS trials but also on 10mg/kg/d in one LGS trial. CBD showed higher efficacy when associated with CLB. This synergy could be at least partially due to an increase in nor-CLB, the active compound of CLB, due an inhibition of Cyp2C19.

CBD treatment resulted in more AEs than placebo. Most common AEs were somnolence, diarrhoea, and decreased appetite. A higher risk of somnolence was associated with the combination of CBD and CLB, requiring dose adjustment (Devinsky et al., 2018b).

Abnormal hepatic aminotransferase levels were identified predominantly in patients taking concomitant valproate, suggesting an interaction in which CBD may potentiate a valproic acid-induced change in hepatic aminotransferase levels. A few patients exited the trial or the open-label extension study due to AEs.

Compared to placebo, caregivers were significantly more likely to report an improvement in overall condition for patients taking CBD, as measured on the CGIC scale.

The CBD expanded access program (Devinsky et al., 2016) suggests that CBD may have a wider spectrum of efficacy beyond DS and LGS. Results from a randomized controlled trial of CBD in refractory epilepsy in tuberous sclerosis complex were recently released and showed similar efficacy and tolerability. These results along with further results from the expanded access program will help to establish the best guidelines for the use of CBD.


Adverse effects of cannabinoids

Carla Anciones, Antonio Gil-Nagel

 

Cannabis sativa contains more than 80 phytocannabinoids, but little is known about the potential therapeutic effects of most of these molecules. One compound, cannabidiol (CBD) is present at high concentrations in the plant and has demonstrated antiepileptic properties. The medical use of whole-plant cannabis extract is limited by the THC-induced psychoactive properties and the long-term cognitive side effects associated with chronic use (Devinsky, 2016). Safety data published for CBD-containing compounds in adults with different neurological disorders by Koppel et al. (2014) was followed by clinical trials, leading to the approval of a high-CBD-concentration oral solution (Epidiolex) for treatment of seizures in patients with Dravet syndrome and Lennox-Gastaut syndrome by the Food and Drug Administration in June 2018 and European Medicines Agency in July 2019.

■ Short and long-term adverse events of CBD reported in clinical trials
Adverse effects of CBD in patients with treatment-resistant epilepsy are well-documented in randomized and open-label trials. In the first specific double-blinded randomized trial for CBD in children with Dravet syndrome (DS) (Devinsky et al., 2017), adverse events (AEs) were reported in 93% of patients in the CBD group compared to 75% in the placebo group. Most of them (89%) were mild or moderate, appeared in the two-week escalation period, and in two thirds resolved in the first four weeks of treatment. In most patients with DS, the maximal CBD tolerable dose is 20 mg/kg/day (McCoy et al., 2018) and side effects seem to be positively correlated with higher doses of CBD. Most commonly reported CBD AEs include somnolence (22%), diarrhoea (19%), and decreased appetite (17%). Other less frequent AEs include vomiting, fatigue, weight loss, pyrexia, and upper respiratory tract infections. This was consistently found in subsequent clinical trials exploring tolerability of different doses of CBD (Devinsky et al., 2018a, 2018b).

Serious adverse events appear in around 15% of patients treated with CBD. The most significant is the harmful elevation (three times the upper the normal limit) of alanine transaminase (ALT) and aspartate transaminase (AST) levels. Elevation of liver enzymes is also more frequent on high doses of CBD (20 mg/kg/day) and concomitant treatment with valproic acid (Devinsky et al., 2019). Rash has rarely been reported but can appear in association with pyrexia and may lead to discontinuation of the drug (Devinsky et al., 2018a).

When starting a new antiepileptic drug for DS, consideration of the potential pharmacological interactions between given medications is necessary, especially with clobazam (Johannessen Landmark and Brandl, 2020). CBD undergoes significant metabolism via different isoforms of the cytochrome (CYP) P-450 metabolic pathways, CYP 2C9 and 3A4 (Stout and Cimino, 2014), and at the same time constitutes a potent inhibitor of both enzymes. Clobazam metabolism similarly involves CYP 3A4 and in a minor way, CYP 2C19; both of these enzymes catalyse the metabolism of its active metabolite, N-desmetylclobazam (norclobazam; N-CLB) (Geffrey et al., 2015). Uncontrolled studies have shown that the level of N-CLB is increased by CBD, which might lead to a synergistic antiepileptic effect as well as an increase in the rate of AEs in patients taking both drugs, especially somnolence. Phenotypic variability of CYP 2C19 due to polymorphisms can produce variations in N-CLB in patients taking not only CBD but also different antiepileptic drugs that are also metabolic substrates of the CYP-450 pathway. Measurement of serum N-CLB concentrations can be clinically useful for the identification of vulnerable individuals with unexpected moderate and severe AEs (Yamamoto et al., 2013). Surprisingly, elevation of N-CLB in patients taking CBD does not occur in the presence of stiripentol, a strong inhibitor of CYP 2C19, which may interfere with clobazam metabolism (Devinsky et al., 2018a). This is probably explained by normalization of N-CLB levels due to drug dose adjustments prior to the initiation of CBD. There is no apparent significant pharmacokinetic effect between CBD and other concomitant AEDs (valproate, topiramate, levetiracetam, rufinamide, lamotrigine, felbamate or zonisamide) (Gaston et al., 2017).

Most of the AEs in patients with LGS taking CBD are similar to those reported in the DS trials. However, when looking at raw data in the CBD pivotal trials, AEs seem to be more frequent in the DS sample than in LGS. In the study by Devinsky et al. (2018b) for CBD as an add-on treatment for drug-resistant seizures in LGS, three branches of treatment were included: a 20 mg/kg/day group, a 10 mg/kg/day group, and a placebo group. In the 20 mg/kg/day CBD group, several observed adverse events had a similar incidence in both DS and LGS studies: somnolence was observed in 36% vs. 30%, decreased appetite in 28% vs. 26%, vomiting in 15% vs. 12%, and pyrexia in 15% vs. 12% in DS and LGS patients, respectively. More strikingly, diarrhoea was more common in DS (31%) than in LGS (13%). This difference may be explained by age differences between both subgroups (2-55 years in the LGS group vs. 2-18 years in the DS group), differences in background medications, or, less likely, a disease-specific vulnerability for the drug.

Some very infrequent AEs were reported in patients with LGS taking CBD, such as elevation of γ-glutamyltransferase concentration, increased seizure frequency during weaning-off medication, constipation, and worsening of previous chronic cholecystitis. Elevation of serum transaminases was also a serious adverse event in the pivotal trial, however, none of the patients met the criteria for severe drug-induced liver injury. Most of these AEs occurred within the first 30 days of treatment (Lattanzi et al., 2018) and were reported in patients on high CBD doses as well as valproic acid (Thiele et al., 2018).

Few data are available to assess the safety profile of CBD for epileptic syndromes other than DS and LGS. The first open-label interventional trial for CBD for several types of drug-resistant epilepsy by Devinsky et al. (2016) included a wide heterogeneous group of patients with epilepsy due to different aetiologies (from CDKL5 mutations or Aicardi syndrome to generalized epilepsies such as Jeavon’s syndrome). Post-hoc analysis was made only for patients with DS and LGS difficult to extrapolate to other types of epilepsy (table 1). However, in this trial in which doses of CBD were raised up to 50 mg/kg/day, some serious AEs were reported in patients concomitantly taking valproate, such as severe hyperammonaemia that led to CBD discontinuation or severe thrombocytopenia which resolved when valproate was stopped. The relationship between hyperammonaemia and other adverse events has not been systematically assessed in other studies, leaving some areas for improvement in AE identification and management in the future.
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Efficacy of CBD for pharmaco-resistant epilepsy in patients with tuberous sclerosis complex has been studied in a small non-controlled trial of 18 patients in which CBD was added, up to 50 mg/kg/day to their regular antiepileptic therapy (Hess et al., 2016). The most frequent observed AE was drowsiness (44%) followed by ataxia (27.8%) and diarrhoea (22.2%); none of these AEs were considered serious by the investigators. Interestingly, most patients experiencing AEs were taking clobazam and were less likely to reach the high target dose of the study, requiring dose adjustments of either CBD or clobazam to reduce the intensity of the AEs. A small non-placebo, controlled trial to assess the efficacy of CBD in seven paediatric patients with febrile infection-related epilepsy (FIRES) is also documented and reveals mild side effects that include dizziness, decreased appetite, weight loss, and nausea/vomiting (Gofshteyn et al., 2017).

■ Conclusions
Compared to other antiseizure drugs approved for treatment of DS and LGS, more information was available prior to marketing for CBD (Epidiolex/Epidyolex). CBD is generally a well-tolerated drug, with most AEs being mild or moderate and improving either with treatment maintenance or reduction of dosage (Arzimanoglou et al., 2020). The most frequent AEs include somnolence, decreased appetite, and diarrhoea. Most of the side effects occur at the beginning of treatment with doses above 20 mg/kg/day. Prior to starting CBD, a careful assessment of concomitant antiepileptic drugs should be performed, particularly valproic acid, as this combination with CBD is associated with transaminase elevation and decreased platelet count. Also, clobazam, jointly administered with CBD, may produce an increase in somnolence due to nor-clobazam elevation. Additional studies are necessary to identify the reasons for gastrointestinal side effects and provide alternatives to improve the tolerance of CBD in these patients.


Long-term effects of cannabinoids on development/behaviour

Lieven Lagae

 

With the increased use of cannabis products in young children with epilepsy, it becomes necessary to consider potential negative long-term effects in the developing brain; in particular, special attention should be paid to effects on cognition and behaviour.

It is very well recognized that cannabis use in adolescents and adults can induce negative cognitive and behavioural effects. These effects include problems with concentration and memory, mood changes, and aggressive behaviour which subsequently can lead to, for instance, problems at school, risky sexual behaviour, and more traffic accidents. The “cannabis use disorder”, which can be the result of prolonged cannabis use, is described in the DSM-V (American Psychiatry Association, 2013; Gordon et al., 2013). Psychosis, anxiety disorder, and increased suicide risk are part of this chronic disorder. Also, academic and occupational problems are frequently seen in this chronic condition. It is unclear and probably subject-dependent how long and/or how much cannabis is needed to get to the stage of this cannabis use disorder. Most of these negative effects can be explained more by tetrahydrocannabinol (THC) than by cannabidiol (CBD), the two main components of cannabis. The exact cumulative dosage of the individual cannabis components sufficient for the development of cannabis use disorder is not well known. Whether we can expect similar negative effects with the use of medicinal cannabis derivates in young children is not known either. It is reassuring that the products which are now being used in childhood epilepsy contain little THC. However, even with combinations of 95% CBD and 5% THC, substantial amounts of THC are given chronically when one prescribes 10 to 20 mg/kg/day of CBD to try to control the epilepsy. The effect of THC on developing neurons is now relatively clear (Bossong and Niesink, 2010). In normal conditions, the release of excitatory glutamate is fine-tuned by the release of endocannabinoids acting on presynaptic CB1 receptors. This fine regulation actually drives the normal process of pruning in developing neurons. Exogeneous THC blocks the presynaptic CB1 receptors thereby disrupting this regulation of neurotransmitter release, with consequent excessive glutamate excitation of the immature NMDA receptor. How much this can affect normal development is a matter of debate. It can be hypothesized indeed that over-exposure to exogeneous THC can impact normal learning in early life.

This short review will primarily focus on potential effects on cognition and behaviour associated with early cannabis use. The following three sources of information will be reviewed regarding the study of potential negative long-term effects of cannabis products in the developing brain:


	– The recent data obtained from randomized controlled trials (RCTs), examining the effect of treatment on quality of life and adaptive scales. These effects can be considered semi-chronic effects as typical double-blind placebo-controlled trials last for a maximum of 16-20 weeks.

	– There is actually a wealth of preclinical and clinical data on the use of cannabis during pregnancy and the effects on the developing brain of the foetus, newborn, and young child.

	– Because exposure to recreational cannabis occurs earlier and earlier, studies are now also available on the long-term effects associated with this early adolescent use.



■ Data from clinical trials
We here refer mainly to the regulatory trials with CBD for Dravet syndrome and Lennox Gastaut syndrome (Devinsky et al., 2017, 2018).

In these trials with cannabidiol (Epidiolex, GW Pharma), the effect of CBD treatment was also measured looking at changes in sleep behaviour, (sleep disruption score, Epworth sleepiness scale score), Quality of Life scores (Quality of Life in Childhood Epilepsy [QOLCE]), and adaptive behaviour (Vineland II). Although there was a positive effect for all parameters studied in the Dravet study, this positive effect was only statistically significant for the Epworth sleepiness score (Devinsky et al., 2017).

Quality of life was measured using the QOLCE; this is composed of 16 subscales which measure changes in physical function, social function, emotional wellbeing, cognition, general health, and general quality of life (Sabaz et al., 2003). In the Lennox Gastaut trial, positive changes were seen in all domains of the QOLCE with actually significant positive changes for language and memory subscales (unpublished results). However, the positive effect on language was only seen in the lower dose arm (10 mg/kg/day). A concern looking at these rather reassuring data is that the QOLCE was administered in less than 30% of the participants. In the Dravet study, more subjects (up to 60%) completed the QOLCE but no statistical differences were seen. It is reassuring that during these trials, no worsening of these important functions was seen.

Overall, behavioural changes were studied using the Vineland Adaptive Behaviour Scales (VABS). The VABS is a commonly used measure of adaptive behaviour skills for children and adolescents up to 18 years of age (Sparrow and Cicchetti, 1985). In addition to providing an overall composite score, it consists of three subscales: (a) communication (receptive, expressive, written); (b) socialization (interpersonal relationships, play and leisure, coping skills); and (c) daily living (person, domestic, community). As for the quality of life scales, no consistent significant changes were seen. In the Lennox Gastaut trial, a small but statistically significant improvement in the socialization domain was seen. In the Dravet trial, a significant improvement was seen in the communication domain, but here only 30% participated in this assessment. We should consider these results as reassuring; exposure to mainly cannabidiol for up to 16 weeks is safe when quality of life and adaptive behaviour are considered.

■ Effect of cannabis use in pregnancy
Several large epidemiological studies have reported in detail on the effect of cannabis use during pregnancy. These studies can actually be considered as the ultimate model to study the potential harmful effects on the developing brain. Calvigioni et al. summarized the main results in a review paper in 2014. Data were gathered from three large epidemiological long-term studies: Generation R study (the Netherlands), the Ottawa Prenatal Prospective OPPS study (Ottawa Canada), and the Maternal Health Practices and Child Development MHPCD study (Calvigioni et al., 2014). Although there are many possible methodological shortcomings (such as cumulative dosage, timing of use in pregnancy, and cannabis use before pregnancy), these large studies identify some common short and long-term effects of prenatal cannabis use. Prenatally, there is consistently restricted foetal growth with reduced head circumference. After birth, decreased birth weight and microcephaly are common findings. Some infants show increased startles and tremors with reduced habituation to light. At infant and toddler age, slower psychomotor development can be seen, with subsequent school problems. In particular, impaired memory function, impaired abstract and visual reasoning, or visuospatial functioning are key problem areas. At the behavioural level, more externalising behaviour (hyperactivity and aggressiveness) can be seen. In young adulthood, there is still a possible negative effect on visual spatial memory functioning.

Many of these clinical data have also been confirmed in animal models. In one paper (Tortoriello et al., 2014), reduced synaptic plasticity was observed, which is in line with the hypothesis of exogenous THC effects on presynaptic CB1 receptors (see above).

Gunn et al. published a meta-analysis on the effect of prenatal cannabis exposure and included 24 systematic reviews (Gunn et al., 2015). The authors confirmed that infants exposed to in utero cannabis were more likely to have decreased birth weight and were more likely to need admission to neonatal intensive care. However, in most studies, it was also recognized that many cannabis users are “polysubstance users”; they are also tobacco and/or alcohol users and the direct unique effects of cannabis were difficult to assess.

More direct evidence is available from neonatal and infant imaging studies. In a recent imaging study, resting state functional brain connectivity was examined in 2-6-week-old babies, after exposure to prenatal drugs, including cannabis (Grewen et al., 2015). In this study, two study groups were defined in order to better delineate the effect of multiple drug use (nicotine, alcohol, SSRI and opiates); one study group with cannabis products (marijuana MJ+) and another group without (MJ-). There was also a control group without any drug exposure in pregnancy. Mainly connections between brain regions known to contain CBD1 receptors were studied. Prenatal drug exposure had a substantial influence on functional connectivity in these infants; marijuana-specific hypo-active connections were observed in insula and striatal connections with the cerebellum: the anterior insula-cerebellum, right caudate-cerebellum, right caudate-right fusiform gyrus/inferior occipital and left caudate-cerebellum. The authors hypothesized that these significant connectivity changes can have an effect on motivation, decision making, and integration of interoceptive signals in later life. However, it remains to be seen whether these connectivity changes at this young age indeed correlate with later cognitive or emotional problems.

Bolhuis et al. (2018) investigated (as part of the generation R study; see above) the effects of parental prenatal cannabis exposure on later postnatal ‘psychotic-like’ experiences. In this large prospective study (n=3,692), not only the effect of maternal use but also the use of paternal exposure was studied. Not completely surprising, both maternal and paternal cannabis use was associated with psychotic-like experiences at the age of 10 years in the offspring. The authors concluded that both genetic vulnerabilities as well as shared familial mechanisms should be considered when discussing the causal relationship between prenatal cannabis use and postnatal possible psychiatric problems. In their statistical modelling, maternal and paternal age, education level, maternal psychopathology score, and associated alcohol drinking during pregnancy were taken into account as co-variables, but not for later psychotic events. In a similar paper (El Marroun et al., 2019), using the same large generation R cohort, it was also shown that externalisation problems (aggressiveness), in particular, were associated with parental prenatal cannabis exposure, rather than internalising problems such as depression and anxiety.

These large epidemiological studies on prenatal exposure to cannabis show an effect on important developmental functions, and there seems to be more of a pattern with externalizing problems rather than internalising behavioural problems. Long-lasting effects on more subtle higher cognitive functions, such as visuospatial memory, were also noted in several studies.

■ Recreational use in adolescents
One can also look at the effect of recreational cannabis use on the developing brain in adolescents. At this stage in brain development, some specific and especially (pre) frontal functions are still maturing, and repeated use of cannabis might impair these functions. According to many surveys, there is an increased use of cannabis even in young adolescents. Based on an official survey in the US (Miech et al., 2018), it was shown that the lifetime prevalence of cannabis use in 8th graders (14 years old) was between 12.1 and 14.8% (95% confidence limits). This increases up to about 45% (42.8-47.3%) in 12th grade students. Cannabis is now the second most common illicit drug in the US in 12th graders, and about 50% of cannabis users at this age report cannabis use within the last 30 days.

In a review paper on the effects of adolescent cannabis use, based on male and female animal models (Rubino and Parolaro, 2016), it was confirmed that adolescent use dysregulates maturation of the endocannabinoid system which further induces changes in neuronal pruning as well as GABA and glutamate regulation. Many adolescent animal studies show subsequent diminished adapted social behaviour. As expected, these effects depend on dosages of THC and/or other cannabinoids. In a clinical study on connectivity changes in adolescents and young adults using cannabis, increased orbitofrontal connectivity was seen in heavy cannabis smokers, compared to healthy controls (Lopez-Larson et al., 2015). This connectivity change was dose related and increased with lifetime use of cannabis and earlier initiation of cannabis use. The clinical correlate was increased motor impulsivity and suboptimal decision making, again pointing to this possible externalizing problem seen with cannabis use. Another study reported on IQ changes in adults using recreational cannabis and compared two groups: one group with cannabis addiction already before the age of 18 years and one group with cannabis addiction after the age of 18 years (Meier et al., 2012). Participants were part of the Dunedin Study, a prospective study of 1,037 subjects born in 1972/1973 and followed for 38 years. It was clear that adolescent onset of cannabis use was associated with decreased full-scale IQ and this decrease again was dose dependent. This difference in IQ was less obvious (and not significant) when cannabis use was started at adult ages. The effect size remained after controlling for educational level and other addictions. Overall, this study also showed that baseline IQ was lower in frequent than in infrequent cannabis users. Importantly, cessation of cannabis use in adult age did not fully restore the neuropsychological deficits seen when cannabis was started at adolescent age. The authors conclude that early initiation of cannabis use has a lasting neurotoxic effect on the brain.

■ Conclusion
So far, there is no direct evidence that the medical use of cannabis derivates for childhood epilepsy is harmful for the developing brain. The short-term controlled trials do not show any major problems, but long-term data in children with epilepsy being treated with cannabis products are needed to confirm this. However, indirect evidence points to a cumulative negative effect on brain development with especially subtle cognitive and behavioural problems. This indirect evidence mainly comes from prenatal and adolescent exposure studies. Here, there are many confounding factors such as cumulative dosage, timing of exposure, and concentration of THC or other cannabinoids.


Epilepsy and cannabidiol: a guide to treatment
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The therapeutic potential of cannabis-related products has been suggested for many years (Perucca, 2017), and interest in the subject in recent decades has fluctuated in parallel with perceptions of cannabis and changes in legislation. With the realisation that (-)-trans-∆-9-tetrahydrocannabinol (THC) is a component with prominent psychoactive properties, attention shifted to the potential therapeutic value of cannabidiol (CBD). In recent decades, interest in the therapeutic value of CBD-containing products, as anti-inflammatory, anti-emetic, anti-psychotic, and anti-epileptic treatments, has emerged for a wide range of conditions. However, the supporting data is principally based on anecdotal or in vitro experiments with supraphysiological concentrations. In addition, other compounds that may be present in artisanal CBD preparations may have independent physiological effects, leading to inevitable confusion regarding the effectiveness and safety of the preparations.

It is only within the last two years that Class I evidence has become available for a pure form of CBD, based on placebo-controlled RCTs. In the light of this recent evidence, this review aims to provide information on the current status of what is known about CBD as a therapeutic option for epilepsy, which will likely be of value to neurologists and epileptologists. This paper contributes to the following competencies of the ILAE curriculum (Blümcke et al., 2019): “Demonstrate up-to-date knowledge about the range of pharmacological treatments for epilepsy; Recommend appropriate therapy based on epilepsy presentation; Demonstrate up-to-date knowledge about special aspects of pharmacological treatment ”.

■ Legislation
Laws regarding the use of raw herbal cannabis, cannabis extracts and cannabinoid-based medicines differ between countries (Abuhasira et al., 2018; Specchio et al., 2020). Recreational use of cannabis has been legalised in Canada and Uruguay, as well as 11 states and the District of Columbia in the US. More restricted recreational use has been adopted in Georgia, South Africa, Spain, and The Netherlands. The use of herbal cannabis for medicinal purposes is now authorised in a number of countries, including Argentina, Australia, Canada, Chile, Colombia, Croatia, Ecuador, Cyprus, Germany, Greece, Israel, Italy, Jamaica, Lithuania, Luxembourg, North Macedonia, Norway, the Netherlands, New Zealand, Peru, Poland, Switzerland, and Thailand, as well as a number of states in the US.

Cannabis and cannabis extracts have not been approved by the FDA or the European Medicines Agency (EMA), although cannabinoid-based products have been approved by the FDA as well as by 23 European countries and Canada. In some cases, authorisation is specific to certain indications, while in others the choice of indication may be dictated by the physician (Abuhasira et al., 2018).

In the European Union, CBD, in contrast to THC, is not a controlled substance and according to EU law, CBD products must not contain more than 0.2% THC. Several companies within the EU produce and distribute CBD-based products obtained from inflorescences of industrial hemp varieties. No analytical controls are mandatory and no legal protection or guarantees regarding the composition and quality is required. An obligatory testing and basic regulatory framework to determine the indication area, daily dosage, route of administration, maximum recommended daily dose, packaging, shelf life, and stability is also not required. Much of the ongoing confusion results from whether such products should be regulated as a food, a supplement, or medicine.

It is beyond the scope of this review to provide details for individual countries. However, physicians considering prescribing cannabis related products should be fully aware of the relevant legislation in relation to the heath care service for their specific geographical location. Since the situation can be complex, provision and use of guidelines from recognised national professional associations and or governmental bodies can be extremely helpful. For example, in the UK, such guidelines have been provided by the British Paediatric Neurology Association (BPNA, 2018) and the National Institute for Health and Care Excellence (NICE, 2019). In both, to prescribe a cannabis related product for medicinal use for epilepsy, the prescriber must be on the Specialist Register (Reference: Section 34D of the Medical Act 1983) and the prescription should be made by a consultant paediatric neurologist. Within the UK, responsibility for the prescribing and potential adverse effects of a cannabis related product remain with the prescribing clinician. Thus, clinicians are advised to be aware of the General Medical Council (GMC) guidance on prescribing unlicensed medication (GMC, 2019), and to investigate whether medical protection insurance and hospital indemnity will cover them for prescription of unlicensed cannabis related products. Should a doctor feel under pressure to prescribe a medication that they believe is not in the patient’s interests, then paragraph 5d of the GMC guidance “Consent: patients and doctors making decisions together” is relevant (GMC, 2008). It states: “If the patient asks for a treatment that the doctor considers would not be of overall benefit to them, the doctor should discuss the issues with the patient and explore the reasons for their request. If, after discussion, the doctor still considers that the treatment would not be of overall benefit to the patient, they do not have to provide the treatment. But they should explain their reasons to the patient, and explain any other options that are available, including the option to seek a second opinion”.

■ Artisanal products advertised with CBD content
The known physiologically active components of cannabis include cannabinoids, terpenoids, and flavonoids. Plant or phyto cannabinoids are unique to the cannabis plant. Over a hundred different cannabinoid compounds have been isolated from the cannabis plant, for which various chemovars exist (Cannabis indica, ruderalis, and particularly sativa being the most common). Of these compounds, only 16 exist in meaningful concentrations; these include THC, CBD, cannabichromene (CBC), and cannabigerol (CBG) (as both acid and varin forms). The majority of animal and in vitro studies have focussed on THC and CBD, and whereas the effect of THC is less clear and appears to exhibit both proconvulsant and anticonvulsant properties under different conditions, CBD demonstrates clear anti-convulsant properties, making it a focus as a potential treatment for epilepsy.

An abundance of CBD-related products is currently commercially available, ranging extensively in purity, content of effective compounds and price. The global market for these products is considerable and according to the Centre for Medicinal Cannabis (2019) in the UK, at the current rate, the market will be worth one billion pounds/year in 2025.

Importantly, the content of CBD-related products is dependent on the type of cannabis plant as well as the different parts of the plant and growing conditions. Hemp and marijuana may be considered as different varieties of the same cannabis plant; whereas hemp is low in all cannabinoids including THC (≤0.3 %), marijuana has a higher THC content (>0.3%).

Hemp seed oils (from seeds) contain minimal cannabinoids (i.e. THC); this depends principally on the extent of washing prior to subsequent processing, as cannabinoids in the flowers and leaves appear to transfer to the outer coating or husk of the seed during harvesting and preparation. Cannabis oils (from flowers and leaves of marijuana) contain variable levels of CBD and THC, depending on the chemovars. CBD-enriched oils (from flowers and leaves of hemp) contain high levels of CBD and some THC. The maximum ratio of CBD to THC that can be achieved without subsequent purification, irrespective of the chemovar, is 20:1, however, it should be noted that THC is significantly more potent (50-100-fold) than CBD. Moreover, for CBD-enriched oils advertised as “high CBD/low THC” content, in order to obtain CBD at similar doses to those used in randomised controlled trials (see below), the meaningful amount of THC may be higher than expected. For a child of 18 kg taking 300 mg CBD/day, this equates to 15 mg THC/day, based on a 20:1 CBD:THC ratio in preparations, which is similar to the maximum daily dosage of marinol or dronabinol, a synthetic ∆-9-THC (prescribed for chemotherapy-induced nausea and vomiting as well as weight loss in cancer or AIDS/HIV patients).

Galenic products are available in the form of cannabis decoction filter bags and cannabis extracts as oils, creams, and supplement capsules. Supplements appear to be the most common form, often referred to as “CBD dietary supplements” or “CBD-enriched oils”, obtained from extraction of different Cannabis sativa L. chemovars with high CBD content. Of the CBD-enriched oils, there are six main varieties available on the market in Europe: Bedrocan, Bedrobinol, Bediol, Bedica, Bedrolite and Bedropuur (table 1).

It is important to emphasise that these products demonstrate significant variation with regards to content, which is dependent not only on the initial source of the plant (e.g. the use of fertilisers and pesticides) but also the method by which they are prepared (Carcieri et al., 2018; Pegoraro et al., 2019; Bettiol et al., 2019). There are a number of different methods to prepare such oils, the most common being “supercritical CO2 extraction”. This leads to an extract rich in lipophilic cannabis components plus waxes, however, different biologically active compounds can be isolated during subsequent procedures, including omega-3 fatty acids, vitamins, terpenes, flavonoids, and other phytocannabinoids such as CBC, CBG, cannabidivarin (CBDV), and cannabinol (CBN) as a degradant (according to how the fresh the materials is) (Calvi et al., 2018). Terpenes represent the largest group (with more than 100 different molecules) of cannabis phytochemicals; these can easily cross cell membranes and the blood-brain barrier. Moreover, a synergistic effect between cannabinoids and terpenes has been hypothesised, but not proven (Russo, 2011; Aizpurua-Olaizola et al., 2016; Santiago et al., 2019).
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It is also worth mentioning that an adequate dose of CBD based on commercially available CBD-enriched oils (up to 10-20 mg/kg/day), similar to doses used in randomised controlled trials (see below), comes at considerable financial cost to the family; in excess of 500 euros per month.

Product labelling
When it comes to CBD-enriched oils, there are major concerns regarding THC, CBD and terpene concentration, as well as appropriate preparation methods and storage conditions. These may vary significantly (Carcieri et al., 2018; Pavlovic et al., 2018), leading to insufficient quality control. Moreover, laboratory analyses have shown that the cannabinoid content is often not reflected on the marketing label (Vandrey et al., 2015).

Based on a report by the Centre for Medicinal Cannabis (2019) in the UK, there is an urgent need for a move towards accurate labelling regarding CBD content, as many products are sold with quantities of CBD which are well below those used in clinical trials. In the study by Bonn-Miller et al. (2017), the label accuracy of 84 products was analysed. Overall, CBD concentration ranged from 0.10 to 655.27 mg/mL (median: 9.45 mg/mL; median labelled concentration: 15.00 mg/mL). Of the products tested, 42.85% (n=36) products were under-labelled, 26.19% (n=22) were over-labelled, and 30.95% (n=26) were accurately labelled. The level of CBD in the over-labelled products in the study is similar in magnitude to levels that triggered a warning from the US Food and Drug Administration (FDA) to 14 businesses in 2015-2016, indicating that there is a continued need for federal and state regulatory agencies to take steps to ensure accurate labelling of these consumer products.

Under-labelling is of less concern, as CBD itself does not appear to be susceptible to abuse and there have been no reported serious adverse effects (AEs) at high doses, however, the THC content observed may be sufficient to produce intoxication or impairment, especially among children. Clear labelling regarding the exact concentration of CBD is not yet mandatory, and there is clearly a need to introduce stricter legislation regarding accurate content labelling.

Effectiveness as a treatment for epilepsy
Anecdotal reports have fuelled public interest and, understandably, have inspired families to seek CBD-related products for the treatment of drug-resistant epilepsy (Filloux, 2015). The most well-known report is that of Charlotte, a five-year-old girl in the US who was diagnosed in 2013 with SCN1A-confirmed Dravet syndrome, with up to 50 generalised tonic-clonic seizures per day. Following three months of treatment with high-CBD-strain cannabis extract (later marketed as “Charlotte’s Web”), her seizures were reported to have reduced by more than 90% (Maa and Figi, 2014). Other anecdotal reports suggesting that CBD may improve seizure control as well as alertness, mood and sleep have also been documented (Porter and Jacobson, 2013; Hussain et al., 2015; Schonhofen et al., 2018).

A number of studies have investigated the effect of oral cannabis extracts on intractable epilepsy, based on parental reporting. These include the study by Press et al. (2015) of 75 patients (23% with Dravet syndrome and 89% with Lennox-Gastaut syndrome) in the US and Tzadok et al. (2016) of 74 patients in Israel over an average of six months; 50% seizure reduction was reported in 33%, and 50-75% seizure reduction in 34% in the two studies, respectively. In a retrospective study by Porcari et al. (2018) of 108 children with epilepsy in the US, the addition of CBD oil over an average of six months resulted in >50% seizure reduction in 29% patients, with 10% becoming seizure-free.

Based on a meta-analysis (n=670), Pamplona et al. (2018) provide evidence in support of the therapeutic value of high-content CBD treatments (CBD-rich cannabis extract or purified CBD). The results indicated a favourable effect for both patients with CBD-rich extracts (6.1 mg/kg/day CBD) and purified CBD (27.1 mg/kg/day), which was in fact more pronounced in patients taking the CBD-rich extracts. This may provide evidence in favour of the inclusion of other components within CBD-rich extracts offering beneficial entourage effects.

Overall, the studies on CBD-enriched oils indicate a 50% reduction in seizures in roughly 30-40% patients. However, it should be emphasised that these are uncontrolled studies with heterogeneous CBD preparations, the CBD content of which varied significantly (estimated at <0.02-50 mg/kg/day). In the study of Press et al. (2015), the effect of cannabis extracts was investigated in a cohort of paediatric patients with epilepsy in a single tertiary epilepsy centre in Colorado, where the law on cannabis-related products is more relaxed. Interestingly, the overall responder rate (47%) for patients who had moved to Colorado for treatment was greater than that (22%) of those who were already living in Colorado, indicating a possible positive reporting bias and the need for appropriately controlled studies.

Adverse events
The studies described above reported AEs in 40-50% patients, including increased seizure frequency, gastrointestinal disturbances/diarrhoea, appetite alteration, weight changes, nausea, liver dysfunction, pancreatitis and, particularly, somnolence and fatigue. More serious effects included developmental regression, abnormal movements and status epilepticus.

More long-term effects regarding cannabis-derived products have generally been gathered based on indirect evidence, however, no hard conclusions can be drawn, mainly due to methodological limitations (dosage of THC and other cannabis-derived products, duration of exposure, concordant addiction to other drugs, genetic factors, psychiatric comorbidity, etc.). Long-term data from studies on prenatal and adolescent exposure to cannabis products indicate, however, a possible negative and lasting effect on cognitive and, particularly, behavioural functions (Lagae, 2020). Moreover, the externalisation of behavioural problems and a decrease in IQ have been reported as a result of chronic cannabis use. Clearly, long-term studies using large childhood epilepsy cohorts are needed on the chronic use of CBD and cannabis-related products.

■ Purified CBD (Epidiolex/Epidyolex®)
A purified preparation of CBD is available from GW Pharmaceuticals plc, under the name of Epidiolex/Epidyolex® (>98% CBD). Interest has so far largely focussed on Epidiolex as an add-on drug for cases of epilepsy. Another product, Sativex® (also known as Nabiximol) (51% THC, 49% CBD), made by the same company as a refined extract, has been approved for cases of neuropathic pain, spasticity, overactive bladder and other symptoms of multiple sclerosis in some countries.

Purified CBD has been shown to demonstrate positive effects against a wide spectrum of seizures and epilepsy based on animal models (Rosenburg et al., 2017a). While the precise mechanism of action of CBD in the control of epileptic seizures in humans remains unknown, recent evidence suggests a role in modulating intracellular Ca2+ (including effects on neuronal Ca2+ mobilisation via GPR55 and TRPV1) and modulating adenosine-mediated signalling (Gray and Whalley, 2020).

In 2017 and 2018, the first randomised controlled trials for pharmaceutically prepared Epidiolex were published for Dravet syndrome and Lennox-Gastaut syndrome, respectively (Devinsky et al., 2017; Thiele et al., 2018), and in June 2018, the FDA approved CBD as an add-on antiepileptic drug for patients with Lennox-Gastaut syndrome or Dravet syndrome over the age of two. Epidiolex was also later approved by the EMA in September 2019 for patients over two years of age with Dravet syndrome and Lennox-Gastaut syndrome, in conjunction with clobazam. However, accessibility to Epidiolex outside of Europe and the US remains variable (e.g. only patients involved in RCTs may be eligible), due to a lack of approval and legal reform by central agencies. While such reform is clearly welcomed, it cannot come fast enough for those who may benefit.

Pharmacology and drug interactions
As a therapeutic drug, the pharmacokinetic profile of CBD exhibits low bioavailability, significant protein binding (99% protein binding capability), and interactions with various metabolic pathways in the liver, including CYPs that are susceptible to pharmacogenetic variability and drug interactions. However, as CBD interacts with many enzymes, it is cleared quickly and is therefore less susceptible to modulation by drugs that affect metabolising enzymes. Moreover, the pharmacokinetic profile of CBD seems relatively unaffected by inhibitors and inducers or genetic background. The bioavailability of oral oil formulations is limited (<6%) due to extensive first pass metabolism in the liver (Bialer et al., 2017, 2018).

CBD may exhibit numerous interactions with AEDs (Johannessen Landmark and Patsalos, 2010; Johannessen and Johannessen Landmark, 2010; Johannessen Landmark et al., 2012, 2016; Patsalos, 2013a, 2013b) including both potent enzyme inducers (such as carbamazepine and phenytoin) and inhibitors (such as stiripentol, felbamate and valproate) (table 2), however, the clinical significance of these interactions may not be meaningful. The most obvious and clinically significant interaction between CBD and other concomitantly used drugs, based on clinical trials, is that with clobazam. CBD, via enzyme inhibition (CYP2C19), may lead to an increase (up to five-fold) in its less potent metabolite, N-desmethylclobazam (Geffrey et al., 2015; Devinsky et al., 2018a), leading to toxicity (principally manifesting as sedation [Gaston et al., 2017]), which may occur at even low levels (1 mg/kg/day) (unpublished observations; Johannessen Landmark). In addition, concurrent clobazam may lead to increased 7-hydroxy-cannabidiol (an active metabolite of CBD) (Morrison et al., 2019), which arguably may lead to better seizure control by boosting the effect of CBD, however, studies with and without clobazam are needed to confirm this. Other AEDs with a similarly increased effect, concomitant with CBD, may include topiramate, rufinamide, zonisamide and eslicarbazepine (Gaston et al., 2017; Franco and Perucca, 2019). There are therefore still a number of unanswered questions regarding the pharmacology of CBD (Johannessen Landmark and Brandl, 2020; Brodie and Ben-Menachem, 2018).

The clinical impact of such interactions in the individual patient is difficult to predict. Patients should be systematically questioned about efficacy, tolerability and adherence, and serum concentrations should be measured if possible and dosages adjusted accordingly to optimise each patient’s treatment.
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Efficacy as a treatment for epilepsy
The first trials for purified CBD (Epidiolex) were launched as an expanded access programme in 2014 for patients with significant medically refractory epilepsy in the form of an open-label, non-controlled trial for compassionate use (Devinsky et al., 2016). Patients (n=214) with intractable seizures (at least four weekly) were monitored over a 12-week period (relative to a four-week baseline) with initial CBD doses of 2.5-5 mg/kg/day, increasing weekly to 25 or 50 mg/kg/day. Overall, a 36.5% median reduction of motor seizures was reported (49.8% for Dravet syndrome patients), and five patients were free of all motor seizures (of the patients with motor and atonic seizures, 39% and 56% showed a >50% reduction of seizures, respectively). This programme was continued and interim data on >600 patients over a 96-week period were published in 2018 by Szaflarski et al., revealing a reduction of median monthly convulsive seizures by 51% (52% with ≥50% seizure reduction) and total seizures by 48% at 12 weeks, with similar results over the 96-week period.

With these very encouraging results, shortly after the initial launch of this programme, controlled trials for Epidiolex were established for Dravet syndrome (Devinsky et al., 2017) and Lennox-Gastaut syndrome (Thiele et al., 2018; Devinsky et al., 2018b). For further details regarding these trials, refer to Nabbout and Thiele (2020).

Lennox Gastaut syndrome
In the two Lennox-Gastaut syndrome double-blind placebo-controlled trials, patients (n=171 and 225) were administered CBD at 20 mg/kg/day (GWPCARE4; Thiele et al., 2018) or 10 or 20 mg/kg/day (GWPCARE3; Devinsky et al., 2018b) over a 14-week treatment period (including a titration phase of two weeks starting with a dose of 2.5 mg/kg/day, titrated to 10 or 20 mg/kg/day), and data were compared relative to a four-week baseline observation period. CBD in an oral solution or placebo was administered as add-on to current AEDs. For CBD at 20 mg/kg/day, the median percentage reduction in total seizure frequency was 41% (vs 13.7% placebo) and 38.4% (vs 18.5% placebo), and monthly median decrease in drop seizures was reported to be 44% (vs 22% placebo) and 42% (vs 17% placebo) in the two trials, respectively. At 10 mg/kg/day, the median percentage reduction in total seizure frequency was similar at 36.4% (vs 18.5% placebo), and monthly median decrease in drop seizures was 37% (vs 17% placebo).

Lennox-Gastaut syndrome patients who enrolled in these RCTs were also invited to enter an open-label study (GWPCARE5; Thiele et al., 2019a). The interim data after 48 weeks of treatment revealed a 48-60% median decrease in drop seizure frequency and a 48-57% median decrease in monthly total seizure frequency relative to baseline (figure 1).

Based on the patient or caregiver Clinical Global Impression (CGI) scale, overall improvements were reported in patients of each trial: 58% patients (compared to 34% in the placebo group) in the study of Thiele et al. (2018), 57% and 66% in the 20 mg/kg/day and 10 mg/kg/day group, respectively (compared to 44% in the placebo group) in the study of Devinsky et al. (2018b), and 88% at 24 weeks (also similar at 38 and 48 weeks) in the open-label study of Thiele et al. (2019a).
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Dravet syndrome
For Dravet syndrome, two trials involved an initial double-blind placebo-controlled trial (n=120) (GWPCARE1B; Devinsky et al., 2017) and a later open-label extension programme (GWPCARE5; Devinsky et al., 2019). An additional trial has also recently been completed (GWPCARE2; Miller et al., 2019). For the former, similar to the Lennox-Gastaut syndrome trials, patients were administered 20 mg/kg/day CBD over a 14-week treatment period, and data were compared relative to a four-week baseline period. For the open-label extension programme, a subset of these patients together with participants from the recently completed GWPCARE2 trial were enlisted (n=189) and followed over 48 weeks. For the controlled trial, during the treatment period, the median percent reduction of convulsive seizures and total seizures was 39% and 29% in the CBD arm relative to 13% and 9% in the placebo arm, respectively. The difference in median percent reduction in non-convulsive seizures was not significant. During the open-label extension programme, the median percent reduction of total seizures continued at between 39% and 51% over a 48-week period (figure 2).

As part of the expanded access programme mentioned above, the long-term effect of add-on CBD at up to 25-50 mg/kg/day over a period of 144 weeks was reported for Dravet syndrome and Lennox-Gastaut syndrome patients (Laux et al., 2019). Monthly major motor seizures were reduced by 50% and total seizures by 44%, with consistent reductions in both seizure types across the treatment period, thus supporting CBD as a long-term treatment option. Based on the patient or caregiver CGI scale, overall improvements were reported for both trials: 62% patients (compared to 34% in the placebo arm) in the study of Devinsky et al. (2017), and 85% at 48 weeks in the open-label study of Devinsky et al. (2019).
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Tuberous sclerosis complex
A clinical trial (GWPCARE6) for Epidiolex as add-on treatment in patients with tuberous sclerosis complex (TSC) was completed earlier this year and has also revealed promising results (Thiele et al., 2019b). Patients were randomised into two groups with Epidiolex (25 or 50 mg/kg/day) or placebo. Of the 201 patients who completed the study, total seizure frequency was decreased by 48% (p=0.0013), 48% (p=0.0018) and 27%, and 50% seizure reduction in 36% (p=0.0692), 40% (p=0.0245), and 22% in the 20 mg/kg/day, 50 mg/kg/day and placebo groups, respectively. An overall improvement, based on the caregiver CGI scale, was reported for 69% (p=0.0074), 62% (p=0.580) and 40% in the three groups, respectively. In conclusion, Epidiolex significantly reduced seizures in TSC patients. The therapeutic effect of the lower 25 mg/kg/day concentration was similar to that of the higher 50 mg/kg/day dose, and since the latter was associated with more AEs (see below), the 25 mg/kg/day dose would therefore be indicated for these patients.

Other syndromes
Based on an open-label trial for compassionate use, CBD was tested as a treatment for CDKL5 deficiency disorder and Aicardi, Doose, and Dup15q syndromes over a 12-week period (n=55) (Devinsky et al., 2018c). The mean decrease in convulsive seizure frequency was 51.4% (n=35). Studies are underway to evaluate CBD efficacy for a broader range of epilepsy syndromes and more than 20 trials are currently listed at ClinicalTrials.gov.

Overall, evidence from open-label studies suggests a favourable effect of CBD as an add-on treatment for a number of severe epileptic conditions and the controlled trials for Lennox-Gastaut syndrome, Dravet syndrome and TSC provide a clearer picture of the positive effect of CBD, in some cases even correlating with seizure freedom. A general positive trend for quality of life (particularly in Lennox-Gastaut syndrome patients), sleep behaviour (particularly in Dravet syndrome patients) and adaptive behaviour was reported. There were also particular improvements in the socialisation domain and communication domain for Dravet syndrome and Lennox-Gastaut syndrome patients, respectively. In the prospective, open-label clinical study by Rosenberg et al. (2017b), in which caregiver-reported quality of life (n=48) was evaluated for a subset of patients treated with CBD for 12 weeks, improvements (in energy/fatigue, memory, control/helplessness, other cognitive functions, social interactions, behaviour and global QOL) were not related to changes in seizure frequency or AEs, suggesting that CBD may have beneficial effects on patient QOL, distinct from anti-seizure effects, however, this should be confirmed in controlled studies.

Adverse effects
In contrast to artisanal CBD-related products, the AEs associated with purified CBD have been more clearly demonstrated based on the open-label trials and, particularly, the randomised, double-blind placebo-controlled trials (Anciones and Gil-Nagel, 2020).

Based on the collective data from the controlled trials, AEs were frequently reported (86% in CBD groups and 76% in placebo groups), however, the vast majority of AEs were mild and moderate. These included somnolence, decreased appetite, pyrexia and diarrhoea, followed by other less frequent AEs such as vomiting, fatigue and upper respiratory infections (table 3). Most AEs appeared within the first two weeks of treatment. Serious AEs were far less common (affecting 19% of CBD groups and 9% of placebo groups). These included, in particular, somnolence, pyrexia, convulsion, rash, lethargy and elevated transaminases (>three times the normal upper limit). The latter occurred in 16% patients in the CBD groups and 1% in the placebo groups. Moreover, in >79-100% of the cases with elevated transaminases, patients were concomitantly taking valproate.
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No seizure worsening, suicidal ideation or deaths related to the treatment were reported. It should be emphasised, however, given the novelty of Epidiolex, that long-term AEs are currently unknown.

In the recent TSC trial with the higher dose of 50 mg/kg/day CBD (Thiele et al., 2019b), AEs were common but similarly overall reported as mild and moderate (93%, 100% and 95% in the 25 mg/kg/day; 50 mg/kg/day and placebo groups, respectively). The most common AEs were diarrhoea, decreased appetite, and somnolence, and treatment discontinuation due to AEs occurred in 11%, 14% and 3%, respectively. Elevated liver enzymes were reported in 12% (n=9) and 25% (n=18) in the 25 mg/kg/day and 50 mg/kg/day, respectively (of those, 81% were also taking valproate).

Recommendations for use
CBD is administered orally as an oil solution. In open-label studies, doses mostly up to 25 mg/kg/day were used, and in the controlled studies, higher doses up to 50 mg/kg/day were used. The studies on Lennox-Gastaut syndrome, however, show that a significant proportion of children respond to doses of as little as 10 mg/kg/day. Therefore a “start slow” and “increase on a case-by-case basis” strategy is recommended. A starting dose of 5 mg/kg/day, divided in two doses, would appear to be adequate. This dose should be increased to 10 mg/kg/day after two weeks of treatment. Thereafter, the individual’s response should be carefully observed. The required observation time strictly depends on baseline seizure frequency before the administration of CBD. If the drug is well tolerated but not sufficiently effective, the dose should be slowly increased in increments of 5 mg/kg/day, as long as it is tolerated, up to a maximum of 20-25 mg/kg/day (table 4).

As mentioned above, special care should be taken if both CBD and clobazam are administered, since the addition of CBD may lead to an increase (up to five-fold) in its less potent metabolite, N-desmethylclobazam. A toxic benzodiazepine level may manifest as fatigue, somnolence, ataxia, a decrease in cognitive function or behavioural changes. Clinically, these are difficult to distinguish from the possible AEs of CBD itself and monitoring of clobazam/N-desmethylclobazam levels is therefore recommended. Baseline therapeutic drug monitoring should be performed before administration of CBD and subsequently after each increase. If a significant increase in benzodiazepine level is observed, the dose of clobazam should be reduced (and then checked), according to an estimate based on linear kinetics. Like CBD, however, stiripentol inhibits the same P450 subtype 2C19 (CYP2C19), and an increase in benzodiazepine level may not, therefore, occur if the patient is already on stiripentol (Devinsky et al., 2018b). It is highly recommended to follow serum concentrations of all drugs when initiating CBD as a basis for appropriate dosage adjustment. This includes psychotropic drugs (mood stabilisers, antidepressants, and antipsychotics) in order to reveal possible pharmacokinetic interactions or reasons for poor clinical effects or observed AEs.
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Pharmacogenetic testing for CYP2C19 could be performed if a poor metabolizer genotype is suspected based on unexpectedly high levels of CBD relative to the dose.

Finally, biochemical markers of toxicity should be measured, particularly regarding liver enzymes in conjunction with valproate (Gaston et al., 2017; Devinsky et al., 2018a). In the controlled studies, increased liver enzymes led to withdrawal of CBD if levels were more than three times the upper normal limit in the presence of any symptoms (fever, rash, nausea, abdominal pain or increased bilirubin) or eight times higher in the absence of such symptoms. In rare cases, an increase in enzymes was observed with 20 mg/kg/day CBD without concomitant use of valproate, but not with lower doses of CBD. Overall, the increase in liver enzymes was reversible in about half the cases, without taking any action; in the remaining cases, CBD was withdrawn, leading to normalisation of levels (Devinsky et al., 2018b). A mild increase in enzyme levels may be observed over a few weeks before taking any action, however, as levels become too high, CBD or valproate should be withdrawn or reduced, according to the benefit of each.

■ Conclusions
Given the range of, and easy access to CBD-enriched oils on the market, alongside the fallacious perception that “natural” products may be safer with fewer AEs than conventional AEDs, it is clear to see why such products are popular. However, analytical controls for CBD-enriched products are not mandatory, leaving consumers with no legal protection or guarantees about the composition and quality of the product they are acquiring. Currently, CBD-enriched products are not subject to any obligatory testing or basic regulatory framework to determine the indication area, daily dosage, route of administration, maximum recommended daily dose, packaging, shelf life or stability. The content of these products is therefore highly variable and although components other than CBD are present which may even be beneficial, there is currently no way this can be ascertained or controlled.

In contrast, purified CBD, in the form of Epidiolex/Epidyolex, is a standardised pharmaceutical preparation that is subject to minimal variability. Based on controlled trials, Epidiolex appears to be an effective treatment option for patients with Dravet syndrome, Lennox-Gastaut syndrome and TSC and has a relatively good safety profile, although it should be emphasised that, at least from the controlled trials, CBD does not outperform other drugs and will by no means represent a silver bullet for everyone. It does, however, add to the arsenal of available add-on drugs against these severe forms of epilepsy, in some cases offering substantial benefits.

Given the range of different seizure types associated with Dravet syndrome, Lennox-Gastaut syndrome and TSC, CBD would appear to have a favourable effect on a large spectrum of convulsive (consistent with preclinical data), rather than non-convulsive seizures (Devinsky et al., 2017), namely clonic, myoclonic, myoclonic-astatic, and generalised tonic-clonic seizures. It should be noted, however, that the effect of CBD on specific types of seizures was not described in detail in the controlled trials and further studies will therefore be required to address this. Other forms of intractable epilepsy cases have been investigated in open-label trials (CDKL5 deficiency disorder and Aicardi, Dup15q and Doose syndromes; Devinsky et al., [2018c]), and more than 20 trials are currently listed at ClinicalTrials.gov (including Rett syndrome and other forms of intractable epilepsy). Although these syndromes collectively represent a small fraction of the epilepsy population, clinical trials in the future may lead to CBD or indeed other cannabinoids being indicated more broadly across the spectrum of epilepsy syndromes.


(*) Stéphane Auvin (France), Mar Carreno (Spain), Richard Chin (UK), Roberta Cilio (Belgium), Vincenzo Di Marzo (Italy), Maria Del Carmen Fons (Spain), Elaine Hughes (USA), Floor Janssen (The Netherlands), Reetta Kalvilainen (Finland), Tally Lerman-Sagie (Israel), Maria Mazurkiewicz-Bełdzińska (Poland), Nicola Pietrafusa (Italy), Georgia Ramantani (Switzerland), Sylvain Rheims (France), Rocio Sánchez-Carpintero (Spain), Pasquale Striano (Italy), Ben Whalley (UK).
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Box I. Clinical handling of CBD.

+ Start low (2.5 or 5 mglkg/day),increase to |0mg/kg/day after two weeks
+ Review clinical response and adverse effects on 10 mg/kg/day

+ Remain on this dose if effective

+ Otherwise increase dose in steps of Smg/kg/day if CBD is well tolerated
+ Stop at 20-25mg/kg/day - withdraw CBD if ineffective
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Figure 4/ Dose dependency of efficacy (percentage of seizure reduction; Data pooled from the twa controlled
Lennox-Gastaut trials 1414 and 1423) and common adverse effects (percentage) at 10 mg/kg and 20 mg/kg CBD,
A significant number of patients responded to 10 me/kg CBD. Adverse effects are clearly dose-dependent. (No
efficacy data are available for Dravet syndrome patients treated with 10mg/kg CBD).
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Table 1. THC and CBD content of CBD-enriched oils and purified CBD preparations

Product THC content CBD content
Bedrocan 22% <1%
Bedrobinol 13.5% <1%
Bediol 6.5% 8%
Bedica 14% <1%
Bedrolite 0.4% 9%
CBD-enriched oils Bediopy <
FM1
FM2
Pedanios 22/1 22% <1
Pedanios 8 8% 8
Pedanois 1/8 <1% 8
CBD Crystals 99 % 99%
GW Pharmaceuticals plc Sativex (GW) 51% 49%

Epidiolex (GW) >98%
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‘Table 1. Adverse events reported by Devinsky et al. (2076) based on an open-label study
of 214 patients, aged 1-30 years, with drug-resistant epilepsy

Safety analysis group (n=162)

Adverse events (reported in >5 % patients)

Somnolence 41(25%)
Decreased appetite 31(19%)
Diarrhoea 31(19%)
Fatigue 21(13%)
Convulsion 18 (11%)
Increased appetite 14 (9%)
Status epilepticus 13 (8%)
Lethargy 12 (7%)
Weight increased 12 (7%)
Weight decreased 10 (6%)
Drug concentration increased 9 (6%)
Treatment-emergent serious adverse events*

Status epilepticus 9 (6%)
Diarrhoea 3 (2%)
Weight decreased 2(1%)
Convulsion 1(<1%)
Decreased appetite 1 (<1%)
Drug concentration increased 1 (<1%)
Hepatotoxicity 1 (<1%)
Hyperammonaemia 1(<1%)
Lethargy 1 (<1%)
Unspecified pneumonia 1 (<1%)
Aspiration pneumonia 1 (<1%)
Bacterial pneumonia 1 (<1%)
Thrombocytopenia 1 (<1%)

Data are presented as  (%). One patient might have had more than one serious adverse event.
* Reported by the investigator to be possibly related to CBD use.
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Figure 1/ Median percent reduction of Lennox-Gastaut syndrome total scizures and monthly drop scizures
based on the two controlled trials (Thicle et al, 2018; Devinsky et ., 2018b) (A), and the open-label extension
study (Thiele et al., 2019a) (B).
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Table 2. Possible AED/CBD interactions

Enzyme inducer (1) Enzyme inhibitor (T)
Carbamazepine Valproate*
enytoin Stiripentol
Felbamate

* Associated with a significant risk of elevated transaminases.

CBD as an enzyme inhibitor (1)

Clobazam**
Topiramate
Rufinamide
Zonisamide
Eslicarbamazepine
Perampanel
Lamotrigine?

** Associated with a significant risk of elevated N-desmethylclobazam, which may cause e.q. sedation.
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Table 3. Adverse events based on I ble-blind, placeb: lled trials
(the most frequent adverse events are highlighted in grey)

Dravet syndrome Lennox-Gastaut syndrome
Devinsky etal, Devinsky etal,  Devinsky etal,  Thiele etal,
2018a 2018b 2018

CBD Placebo CBD Placebo CBD  Placebo CBD Placebo
(n=61) (n=59) (n=27) (n=7) (n=149) (n=76) (n=86) (n=85)

[CBD] mg/kg/day 20 - 510 - 100r - 20 -
or 20 20

Reported AEs ( %) 3 75 74 8 89 72 8 69

Reported serious AEs (n) 10 3 5 1 26 13 20 4

Withdrawn (n) 8 1 2 - 7 1 12 1

Somnolence (n)'* 2 6 5 1 39 4 2% 15

Decreased appetite (n) 17 3 5 0 32 6 19 3

Pyrexia (n)* 9 5 6 0 16 12 12 8

Diarrhoea (n) 19 6 19 6 27 10

Elevated transaminases 12 1 6 - 14 0 20 1

("

Vomiting (n) 9 3 3 0 10 9 15 18

Fatigue (n) 12 2 1 2

Upper respiratory 7 5 2 1

infections (n)

Pharyngitis (n) 3 2 12 5

Convulsion (n)* 7 3 1 2

Sedation (n) 4 0

Ataxia (n) 3 0

Rash (n)* 2 0

Non-specified 2 0

pneumonia (n)

Lethargy (n)* 8 3

Status epilepticus (n) 3 3 1 3 1 1

* Serious adverse events reported in <2 patients per RCT.
* Majority of patients were also taking clobazam.
5 TR0 palSenin e taking valorosts tnkfain vissss weis Dlovited >3 Srmes Hie Uppir hovmsl SmHL
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Figure 2/ Median percent reduction of Dravet syndrome total scizures and convulsive seizures based on the
controlled trial of Devinsky et al. (2017) and the open-label extension programme of Devinsky et al. (2019).
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Table 4. Guide to CBD dosing
Start low (5 mg/kg/day), increase to 10 mg/kg/day after two weeks
Review clinical response and adverse effects at 10 mg/kg/day

Remain on this dose if effective, otherwise increase dose in steps of 5 mg/kg/day if CBD
is well tolerated

Stop at 20-25 mg/kg/day, and withdraw CBD if ineffective
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Table 1

Epilepsy
Neuropsychiatric disorders:

— anxiety
~ schizophrenia

— post-traumatic stress disorders.
— anxiolytic

~ antipsychotic

Antiemetic

Antiinflammatory properties

- Applications of CBD.
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Box |. CBD is not a controlled substance in the European Union

Several companies produce and distribute CBD-based products obtained from inflorescences of
industrial hemp varieti
No analytical controls are mandatory;
+ No legal protection or guarantees about the composition and quality;
+ No obligatory testing or basic regulatory framework to determine:
— indication area;

~ route of administration;
~ maximum recommended daily dose;

— shelf ife
— stability.
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‘Table 2. Questions included In a survey related to the available CBU products in ltaly.
What forms of therapeutic cannabis are available in your country ?
Bedrocan (19% THC and < 1% CBD, from C. Sativa)
Bedrobinol (12% THC and <1% CBD, from C. Sativa)
Bediol (6% THC and 7.5% CBD, from C. Sativa)
Bedrolite (<0.4% THC and 9% CBD, from C. Sativa)
Bedica (14% THC and <1% CBD, from C. Indica)
Pedanios 22/1 (22% THC and <1% CBD, from C. Sativa)
Pedanios 8 (8% THC and 8% CBD, from C. Indica)
Pedanios 1/8 (<1% THC and 8% CBD, from C. lbrida)
Crystals 99% pure CBD
Others (specify)
What s used in your centre for epilepsy ?
Which formulation do you use in your centre 7
What dose do you use ?
Where does it come from ?
Are hemp oils a concern ?

What is the relative evidence for dose/safety ?
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Figure 1/ Proposed multimodal mechanism of action of CBD in epilepsy.
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Figure 1/ Metabolism of CBD.
The metabolism of CBD via CYP and UGT enzymes is illustrated; 7-hydroxy-CBD (7-OH-CBD) is an active
metabolite, while the carboxylic acid (7-OOH-CBD) is regarded as an inactive metabolite.






OEBPS/images/B9782742016334000030-2.jpg
‘lable 1. Pharmacokinetic characteristics of CBD

Pharmacokinetic properties
Absorption
Bioavailability <6%, T, 90-120 min, oral oil
formulation

Distribution

Protein binding 94-99%, V, 20-40.000 L!
Metabolism

CYP3A4, 2C19, UGT1AT,1A9,2B7 t,, 24-60 h
Excretion

Faeces, urine unchanged 12%

Comments

Minimal absorption
Extensive first-pass metabolism through
CYP3A4

Substantial variability between patients,
> 4-5-fold with a fat-rich meal

Variability in free fraction?
Displacement interactions?

Strong enzyme-inhibiting properties, PGP?,
active metabolite, 7-OH-CBD
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Figure 2/ Pharmacokinctic intcractions with AEDs.

Pharmacokinetic interactions with AEDs in the liver involve enzyme induction; an inducer such as carbam-
azepine or phenytoin speeds up the metaholism of other drugs (such as lamotrigine) by inducing the synthesis
of more enzymes. This process often takes a couple of weeks. The result is that the serum concentration of the
affected drug is decreased and a dosage adjustment may be needed. The opposite occurs with an enzyme inhibicor,
but this process is more rapid as it is only dependent on the half.life of the drugs involved. The serum concentra-
tion of the affected drug is increased, and the dosage may then be decreased accordingly, dependent on the serum
concentration achieved through therapeutic drug monitoring (TDM). CL: clearance.
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Figure 3/ Pharmacokinctic intcractions with CBD.
The pharmacokinetic interactions that have been documented so far are related to metabolism; enzyme inhibi-
tion of various CYP and UGT enzymes (Geffrey et al., 2015; Gaston et ., 2017; Bialer et al., 2018; Franco and
Perucca, 2019). No interactions regarding protein binding have been identified, however, such interactions arc
possible based on the high degree of protein binding of CBD as well as other AEDs (valproate, stiripentol).





