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Failure of 2 appropriately chosen and well-
tolerated ASMs
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• Little was actually known about cannabis therapy in Europe and
America until O'Shaughnessy read a paper to a group of students
and scholars of the Medical and Physical Society of Calcutta in
1839.1

• O'Shaughnessy conducted the first clinical trials of cannabis
preparations, first with safety experiments on mice, dogs, rabbits
and cats, then by giving extracts and tinctures (of his own devising,
based on native recipes) to some of his patients.1

• O'Shaughnessy presented concise case studies of patients suffering
from rheumatism, hydrophobia, cholera, and tetanus, as well as a
40-day-old baby with convulsions, who responded well to
cannabis therapy, leaping from near death to "the enjoyment of
robust health" in a few days.1

Historically Cannabis sativa L. was rich in both delta-9-tetrahydrocannabinol (THC) and cannabidiol (CBD)

1. http://antiquecannabisbook.com/chap1/Shaughnessy.htm; accessed 12 Oct 2018 

C. sativa L



Endocannabinoids

Endogenous molecules in the body 
that bind and activate the 

cannabinoid CB1 and CB2 receptors

Synthetic cannabinoids

Synthetic molecules that are 
structurally similar to natural 

cannabinoids and/or interact with 
cannabinoid receptors

Phytocannabinoids

Aromatic hydrocarbons produced 
by the Cannabis sativa L plant



C. sativa L

• Over 120 different phytocannabinoids
• Content and proportions vary with C. sativa strain (chemovar) 

and with environmental conditions

• The two characterised in most detail are THC 
and CBD

• Over 100 different terpenes in 
C. sativa strains
− e.g. β-caryophyllene, a CB2

antagonist

• Make up 3–5% of the dry mass 
of flowers

• Responsible for the distinctive 
scent and flavour profile in 
cannabis and many other plants 
(e.g. hops)

• Limited clinical 
evidence of direct 
medical properties

Terpenes and 
flavonoids
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Terpenes and 
flavonoids

CBD and THC have different pharmacology, different effects, and different potential medical applications

Include:

• Parkinson’s Disease

• Pain

• Appetite

• Nausea and vomiting

• Anxiety

• Neuroprotection

Include:

• Epilepsy and 
seizures

• Addiction

• Psychosis

CBD

THC

• Thought to act through multiple targets, 
predominantly non-CB receptors

• Not intoxicating

• Many potential therapeutic applications

• Acts through CB1 receptors, and other targets

• Is responsible for subjective intoxicating effects; 
used for both recreational and therapeutic purposes

• Many potential therapeutic actions

9Tetrahydrocannabinol

Cannabidiol



Cannabis-related publications overall and in epilepsy, by year
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What CBD Is Not…

THC, tetrahydrocannabinol.
1Devinsky O et al. Epilepsia. 2014;55(6):791-802.
2Pertwee RG. Br J Pharmacol. 2006;147(1):S163-S171.
3Cilio MR et al. Epilepsia. 2014;55(6):787-790.
4Turner SE et al. Prog Chem Org Nat Prod. 2017;103:61-101.

CBD is not 

structurally 

related to other 

ASMs1

The anticonvulsant effect 

of CBD is not thought to 

be mediated through 

traditional sodium-

dependent mechanisms3,4

CBD does not

activate cannabinoid 

receptors at clinically 

relevant doses2

CBD does NOT 

produce the 

euphoric effects

like THC1,2



• A high concentration CBD/THC strain of cannabis produced by a medical 
marijuana group in Colorado

Parents began 
giving Charlotte 

low doses of 
plant extract and 
slowly increased 

the dose over 
time

Month 3: >90% 
reduction in 

generalized tonic-
clonic seizures and 
weaned from other 

AEDs

Month 20: 2-3 
nocturnal generalized 

tonic-clonic seizures per 
month, feeds and drinks 
by mouth by herself and 
autistic behaviors have 
improvement, walking 

and talking

http://www.cnn.com/2013/08/07/health/charlotte-child-medical-marijuana/

CHARLOTTE’s HEMP OIL (2013) 

Charlotte’s Web, supplied by Realm of Caring, is
based out of Colorado and parents and families are
moving there to attempt treatment



EPIDYOLEX® (cannabidiol) oral solution
GW Pharmaceuticals received, on 23 September 2019, European Commission approval for the 

marketing authorisation of EPIDYOLEX® (cannabidiol) oral solution

Epidyolex® is indicated for use as adjunctive therapy of seizures associated with Lennox-Gastaut syndrome 

(LGS) and Dravet syndrome (DS), in conjunction with clobazam, for patients 2 years of age and older

Dravet 
Syndrome1

Lennox-Gastaut
Syndrome1

GW Pharmaceuticals received, on 20 April 2021, European Commission approval for EPIDYOLEX® 

(cannabidiol) for the treatment of seizures associated with tuberous sclerosis complex

Epidyolex® is indicated for use as adjunctive therapy of seizures associated with tuberous sclerosis complex 

(TSC) for patients 2 years of age and older



Factor LGS DS

Treatment 
availability

• Limited options
• Despite AED treatment, seizures persist in 

80–90% of patients

• Limited options

Mortality • The risk of death among children with LGS is 
reported as 14 times greater than that of 
the general population

• Mortality rate of 15.84 per 1,000 
patient-years

Consequences of 
uncontrolled 
seizures

• Non-convulsive SE is common
• Drop attacks occur in at least 50% of 

patients and can result in falls and injuries; 
tend to happen suddenly; protective 
headgear is required

• High risk of recurrent, prolonged 
convulsive seizures

• Frequent SE in younger patients

Potential benefits of 
seizure control

• Improve cognition and behaviour
• Reduce the risk of injury
• Increase participation in school
• Improve a patient’s ability to self-care
• Reduce impact on social and family 

relationships

• Greater degree of cognitive and 
behavioural improvement

• Management of nocturnal seizures may:
– improve QoL, developmental 

outcomes 
and seizure control

– reduce the risk of SUDEP





• CBD has demonstrated efficacy and an acceptable safety profile in 4 phase III clinical trials and in 

expanded access programs (EAPs)

• To present the interim results on CBD safety and seizure outcomes from the Italian EAP

Patient population and study design 
METHODS

• 30 Italian epilepsy centres enrolled LGS and DS patients from December 2018 through an open-label 

prospective EAP, with eligibility criteria according to placebo-controlled trials  with up to the 

maximum of 20 mg/kg/day

• The protocol was approved by each site and written informed consent has been provided by patients

or parents/caregivers. Overall data collection has been approved by the Ethics Committee, Catanzaro, 

Italy, protocol number 115/19



Procedures

Data were collected on all seizure types, according to previous trials:

→ Tonic, clonic, tonic-clonic, atonic, or secondary generalized convulsive seizures

→ Non-convulsive seizures: myoclonic, absence, or myoclonic-absence seizures, and focal seizures

During a 4-week baseline period, diaries of countable seizures have been provided by patients or 

parents/caregivers. Patients received an oral solution of purified CBD (100mg/mL; Epidyolex

GW), starting dosage 5 mg/Kg/die up to 20 mg/Kg/die 

Visits/ assessment of adverse events have been performed after 2 weeks, 1, 3 and 6 months 

of treatment 
Frontiers in Neurology Pub Date : 2021-03-31 , DOI:10.3389/fneur.2021.673135



Seizure frequency 

→ provided per week since the first visit;

→ efficacy outcome assessed at 3, 6, 9 and 12 months

Weekly seizure frequency 
→ converted to frequency per 28 days  (weekly frequency × 4) 

Seizure endpoints → Response rate:  percentage of patients with ≥50% and 100% reduction in monthly 
convulsive and total seizures compared to 4-week baseline

Additional variables → status epilepticus, use of rescue medications, hospital admissions



• 93 patients were enrolled;  median number of 

patients per site:  3 (range 1-11)

• In the safety dataset, twenty-nine (31.2%) 

dropped-out: reasons were lack of efficacy, AEs 

and one for concomitant use of other cannabis-

derived products

• 82 patients with at least 3 months of 

treatment entered the effectiveness analysis

Frontiers in Neurology Pub Date : 2021-03-31 , DOI:10.3389/fneur.2021.673135



• Overall, the mean (SD) treatment 
duration was 8.7 (4.1) months, 
effectiveness data through 12 months 
was available for 51/82 patients (62.2%)

• In both analysis groups:
- mean age was 21 years (range 3-56 
years)

-At baseline, the median monthly 
frequency of convulsive and total seizures 
was 49 and 71.5



Seizure Outcomes



Epidyolex® is indicated for use as adjunctive therapy of seizures associated with Lennox-Gastaut syndrome (LGS) and Dravet syndrome (DS), in conjunction with clobazam, for patients 2 years of age and older
Epidyolex® is indicated for use as adjunctive therapy of seizures associated with tuberous sclerosis complex (TSC) for patients 2 years of age and older

Frontiers in Neurology Pub Date : 2021-03-31 , DOI:10.3389/fneur.2021.673135



• 20 patients reduced the CBD dose 
at any time during follow-up

• Approximately 25% of the patients 
taking concomitant CLB and/or 
valproate modified their dose from 
baseline during the study
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Cannabidiol retention
In patients with at least 1 month of treatment, the overall retention rate was 68.5% and log-rank tests

were run to determine differences in the CBD retention rate for diagnosis (DS and LGS) or age

(pediatrics and adults)

The survival distribution was statistically significantly different for age, χ2= 7.38, p = 0.007 (80.4% 

retention rate for patients ≥18 years), whereas no statistical significance was reached for diagnosis χ2= 

3.04, p = 0.06 (82.1% retention rate for Dravet syndrome)

When considering the diagnosis in the age subgroups, DS pediatric patients have a higher retention

rate than LGS patients (χ2= 9.96, p = 0.002), while no difference was observed in adult patients

Frontiers in Neurology Pub Date : 2021-03-31 , DOI:10.3389/fneur.2021.673135

Epidyolex® is indicated for use as adjunctive therapy of seizures associated with Lennox-Gastaut syndrome 
(LGS) and Dravet syndrome (DS), in conjunction with clobazam, for patients 2 years of age and older
Epidyolex® is indicated for use as adjunctive therapy of seizures associated with tuberous sclerosis complex 
(TSC) for patients 2 years of age and older



Tolerability

In the safety analysis, 48 (51.6%) patients
experienced at least one adverse event

The most common AEs reported were:

- somnolence (22.6%) 

- diarrhea (11.8%) 

- elevated liver enzymes
(alanine aminotransferase/aspartate
aminotransferase X3) 
(10.7%) 

- loss of appetite (8.6%) 



In this  cohort of highly treatment-resistant patients with Dravet syndrome and 
Lennox-Gastaut syndrome, add-on treatment of CBD for 12 months was associated 
with a reduction in seizure frequency and was generally well tolerated

Overall, the percentage of patients achieving a seizure reduction ≥50% ranged from 
40.2% to 54.1% for total seizures (in line with 38-52% in other studies and the 43-50% 
in an EAP)

A consistent percentage of patients achieved a seizure-free status compared to 
baseline after 3 months of treatment and during the 12 months follow-up period



The overall incidence of AEs was higher in 
the <10 mg/kg/die group than the other 
dose group, in contrast with the suggested 
dose effect (mainly for somnolence) 
reported in previous studies

One study reported thrombocytopenia in 
one‐third of patients on cannabidiol and 
valproic acid. In our study, no cases 
occurred (62% of patients were on 
concomitant VPA)







Adenosine

TRPV1

GPR55

▪ CBD stimulates and desensitizes TRPV1 channels1

▪ CBD acts as an antagonist at the orphan receptor GPR552

▪ CBD may modulate adenosine signaling3

The following may be mechanisms through which CBD provides some of its anticonvulsant effects



CYP Enzyme

Effect of CBD BDS

Inhibitory Induction

CYP3A4  

CYP1A2  

CYP2B6  

CYP2C8 

CYP2C9 

CYP2C19 

CYP2D6 

CYP2E1 No effect N/A



AED=anti-epileptic drug; CBD=cannabidiol; CLB=clobazam; EAP=expanded access program; 
STP=stiripentol; VPA=valproate
Friedman D et al. Poster presented at: 68th Annual AES Meeting; December 5-9, 2014; Seattle, WA. CBD is metabolized by:

• CYP2C19 and CYP3A4

• UGT1A7, UGT1A9, and UGT2B7
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The cannabinoid products that people are taking are very 
variable1,2 – considerable inter and intra-variability

The stability of such products is variable2-5

The labelling accuracy varies enormously (e.g. only CBD on the 
label)1,2,6

The CBD content varies enormously1,2,6

Impurity content  varies enormously (e.g. THC)1

The non-cannabinoid fraction / vehicle can also vary 
enormously and affect product quality1,3

Products may contain unwanted items10-13 such as:

Bacterial or fungal contamination13

Heavy metals10,11,13

Pesticides10,12,13

Organic solvents13

Companies which manufacture unregulated products have no 
obligation to maintain supply

ElSohly MA. Cannabis Phytochemistry and Overview of UM Research and 
Production Program. 2015 CBD Workshop.

Hemp oil products

CBD oil products

Other cannabis products
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• Historically CBD showed anticonvulsant activity in humans

• CBD is not like THC - it lacks the euphoric-like effects associated with THC

• GW CBD has demonstrated efficacy (vs placebo) in 3 RCTs in DS & LGS (MAA currently under review)

• Mechanism of CBD in epilepsy likely to be multi-modal – mechanism in humans is known - still under 
investigation

• Bidirectional effect of CBD on Clobazam; No PK interaction with Valproate

• Cannabinoid products are available online with variable CBD & THC content, stability & unwanted 
impurities

Conclusions



Further Understanding of Mechanism and Predicting Treatment Response

Use in Other Types of Epilepsy/Neurological disorders (e.g., sleep disturbances, 
ASD)

Antiepileptic Potential of Other Cannabinoids (e.g., cannabidivarin)



CBD LICE study group



Thank You for Your attention!


