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Obectives

• Discuss evidence based data around use of cannabidiol 

to treat seizures

• Detail adverse effects of cannabidiol and cannabis 

based treatments

• Discuss other treatment recently FDA approved for LGS 

and Dravet
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Goals of Treatment

• According to the Epilepsy Foundation, the 
goal of all epilepsy treatment is to:

• Prevent further seizures

• Avoid side effects

• Make it possible for people to lead active lives

• Individual treatment goals may include:

• Ability to regain/retain your driving privileges

• Job stability

• Academic success
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Treatment Resistant Epilepsy

1/3 
…of patients remain pharmacoresistant, 

failing to achieve sustained seizure 

freedom after 2 AEDs

Impairments in 
psychosocial, 

behavioral, and 
cognitive function

More severe side 
effects

Increased risk for 
SUDEP

Tx-Resistant Patients on Multiple AEDs Are Compromised 
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Unmet Needs

Unmet Needs in Epilepsy

Unique 
mechanisms 

of action

Treatment Gaps with Current AEDs

Despite being one of the most common neurological disorders, 
public understanding of epilepsy is limited, presenting gaps 

in epilepsy knowledge, care, and education 

Better identification 
of epileptic 
syndromes

Drug-resistant 
epilepsy

AEDs
to prevent 

development 
of epilepsy

Prevention, 
diagnosis, and 

management of 
comorbidities

Side effectsDrug interactionsEfficacy
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Cannabinoid Targets Beyond CB1 and 

CB2

Transient Receptor 

Potential (TRP) 

Channels1-3

• TRPV1-4

• TRPA1

• TRPM8

G-Protein Coupled 

Receptors 

(GPCRs)4-7

• GPR55

• GPR18

• GPR3, GPR6, GPR12

Peroxisome 

Proliferator-

Activated Receptors

(PPARs)8

• PPARα

• PPARγ

Other targets9-11

• Adenosine
• Equilibrative

nucleoside 

transporter (ENT1)

• Glycine
• Glycine receptor 

(GlyR) α1 and α3 

subunits

Endocannabinoids14,15

• Metabolism
• Fatty-acid amide 

hydrolase (FAAH)

• Monoacylglycerol lipase 

(MAGL)

• Transport
• FABPs (fatty acid-

binding proteins)

Monoamines12,13

• Transporters
• NE, DA, 5-HT 

• Receptors
• Serotonin 5-HT1A

CANNABINOIDS
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• Also called CBD

• A prominent non-psychoactive cannabinoid component 

of Cannabis. It has low affinity for the cannabinoid 

receptor types 1 (CB1) and 2 (CB2)

• Plant based > 98% CBD oil based formulation 

(Epidiolex)

Cannabidiol
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Patient #1
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Open Label Study

• 137 (64%) patients were included in the efficacy analysis

• 33 (20%) patients had Dravet syndrome and 31 (19%) patients had 
Lennox Gastaut syndrome. The remaining patients had intractable 
epilepsies 

• Adverse events reported in more than 10% of patients were:

• Somnolence (n=41 [25%])

• Decreased appetite (n=31 [19%])

• Diarrhea (n=31 [19%])

• Fatigue (n=21 [13%])

• Five (3%) patients discontinued treatment because of an adverse 
event

• The median monthly frequency of motor seizures was 30 at baseline and 
15.8 over the 12 week treatment (50% reduction)

Slide 12
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Long Term Data Study

• 607 patients treated 

• 76% of patients remained on treatment

• CBD associated with 51% and 48% reductions in median 

monthly convulsive and total seizures, respectively at 12 

weeks and similar at 96 weeks

• The ≥50%, ≥75%, and 100% reductions were 49%, 30%, 

and 7% at 96 weeks
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Long Term Data Study

• 146 (24%) withdrew

• Lack of efficacy 15%

• AEs 5%

• Most common AEs were:

• Diarrhea (29%)

• Somnolence (22%)
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Epidiolex Double Blind Placebo Study

Dravet Study:
• 2 to 18 years of age

• Median reduction in convulsive seizure frequency of 39%
compared with 13% for placebo assessed over the entire
treatment period (which included the initial dose escalation
period

• Responder rate – 45%

• Safety profile similar to open label study (90% with AE
compared to 78% in placebo group)

• No major adverse effects related to medication
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LGS Double Blind Placebo Study

• Average age of trial participants was 16 years

• In the 20 mg/kg CBD group: the median drop seizure 
frequency reduction was 42% compared with 17% in the 
placebo group (p=0.0047)

• In the 10 mg/kg CBD group, the median drop seizure 
frequency reduction was 37%, compared with 17% in the 
placebo group (p=0.0016)

• Difference between Epidiolex and placebo emerged during 
the first month of treatment and was sustained during the 
entire treatment period

• Similar side effect profile as other studies
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2nd Epidiolex Double Blind LGS Study

• 2-55 years

• The trial randomized 171 patients into two arms, where 
Epidiolex 20mg/kg/day (n=86) or placebo (n=85) was added 
to current AED treatment

• The median baseline drop seizure frequency per month was 
74

• A median reduction in monthly drop seizures of 44 percent 
compared with a reduction of 22 percent in patients receiving 
placebo (p=0.0135)

• Safety profile similar to open label study (86% with AE 
compared to 69% in placebo group)

• No major adverse effects related to medication
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Epidiolex

• Data and studies submitted to FDA

• FDA Public Advisory Committee voted 13-0 in favor of 

approval

• On June 25, 2018, FDA approved Epidiolex for seizures 

in patients > 2 years old with LGS and Dravet syndromes

• History was made:

• Marked the first plant based derived formulation 

from cannabis FDA approved for any disease state 

• First FDA approved Tx for Dravet in USA
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Long Term Analysis

• Analysis of both LGS studies for long term data

• Ages 2-55 years

• 194 patients
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LGS Long Term Data
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How Do You Use Epidiolex In Practice?

• DEA rescheduled to schedule V originally and now not 

scheduled

• All states can prescribe

• Wait time anywhere from 3 days to 3 weeks

• Requires PA in most cases

• Get baseline liver function tests
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Dosing

• Weight based dosing up to 25 mg/kg/day

• No top dose

• Start at 5 mg/kg/day and increase to 10 mg/kg/day in 

one week

• If efficacy desired not achieved and tolerated, increase 

to 15 mg/kg/day and then 20 mg/kg/day

• Studies have shown efficacy and tolerability up to 50 

mg/kg/day
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Vernacular Cannabis Studies

This Photo by Unknown Author is licensed under CC 

BY

http://myedmondsnews.com/2012/11/washingtons-new-marijuana-law-what-parents-of-teens-need-to-know/marijuana-art/
https://creativecommons.org/licenses/by/3.0/
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Colorado Study

• Study looking prospectively at families considering oral 

cannabis extracts (OCE) to treat seizures

• Open label study

• OCE products were purchased by families and were not 

managed by providers

• Patients followed for 12 weeks after starting OCE
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Results

• Twenty one patients followed

• Median age = 10 years

• Observed response rate = 24% (5/21)

• 14% (3/21) stopped use of product early due to increase 

in seizures

• Responder rate higher for those that moved to Colorado
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Variation of Products

• Concentrations labeled for 9 subjects

• 8 used products that did not have concentrations 

available

• 4 used a combination of products that had labeled and 

unlabeled concentration
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CBD Products Cannot Make  Medical Claims

• Any item is considered a drug (subject to the FDA approval 
process) if it is intended for use in the cure, mitigation, 
treatment, or prevention of disease

• February 26, 2015: FDA issues Warning Letters to 6 vendors 
covering 16 CBD products, stating that the products are 
misbranded due to medical claims
http://www.fda.gov/ICECI/EnforcementActions/WarningLetters/default.htm

• FDA tested the products and ½ of them contained no 
cannabinoids; others had lower CBD content and/or higher 
THC content than on the label. 
http://www.fda.gov/NewsEvents/PublicHealthFocus/ucm435591.htm

• Update: 8 more vendors were  sent letters by FDA  in 
February, 2016 
http://www.fda.gov/NewsEvents/PublicHealthFocus/ucm484109.htm

http://www.fda.gov/ICECI/EnforcementActions/WarningLetters/default.htm
http://www.fda.gov/NewsEvents/PublicHealthFocus/ucm435591.htm
http://www.fda.gov/NewsEvents/PublicHealthFocus/ucm484109.htm
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PTL101

• Oral CBD formulation

• Made using a proprietary gelatin matrix pellet technology 
developed to provide for oral, high-loading, excipient-
free, cannabinoid-based preparations

• The gelatin matrix is made of a 100% natural and 
digestible gelatin polymer that is readily soluble at body 
temperature

• The CBD used was derived from highly 
purified Cannabis sativa extract (> 93% CBD; < 0.2% 
THC), prepared
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Dosing

• 50 mg initially

• A maximum dose of 25 mg/kg per day or 450 mg/day 

(whichever lower)

• 10 week maintenance phase
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Results

• 16 patients enrolled (11 female) with 11 completing

• Withdrew:

• 2 for worsening of seizures

• 1 lack of compliance

• 1 mild adverse events probably related to treatment

• 1 withdrew consent

• Average starting dose was 15.4 ± 5.1 mg/kg, and the 
average dose for the 10-week maintenance phase was 
13.6 ± 4.2 mg/kg
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Results

• Mean 73.4 ± 24.6% and a median 81.9% reduction in monthly 
seizure frequency was achieved during the 12-week treatment 
period

• End of treatment period:

• 9 patients (56.3%) were considered responders

• 2 patients seizure-free at the second and third treatment 
periods

• Caregiver overall impressions of seizure severity and overall 
improvement:

• 82% (9 patients) reporting reduced or very much reduced 
seizure severity

• 73% (8 patients) ranking the condition as either improved or 
very much improved by the end of the study
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Adverse Events

• 36 (1.8%) were associated with at least one treatment-

related adverse event, reported by eleven patients 

(68.8%)

• The most common effect: nervousness and sleep 

disturbances, each reported by 4 (25.0%) patients, 

followed by somnolence and increased epileptic 

seizures, each reported by three patients (18.8%)



These materials are provided to you solely as an educational resource for your personal use. Any commercial use or distribution of these materials or any portion thereof is strictly prohibited.

What About Other THC/CBD Ratios?
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CBD-Enriched Cannabis Oil in Pediatric TRE 

• Retrospective review of clinical records from 4 
Israeli epilepsy clinics

• Participants
• Children and young adults aged 1 to 18 years with TRE

• Followed for ≥ 12 months before and > 3 months after 
receiving CBD 

• Study medication
• CBD-enriched cannabis oil (CECO) -- 20% CBD: 1% THC

• Dose: individualized based on seizure response and AEs

• 1 to 10 mg/kg per day

• 10 to 20 mg/kg per day

34
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CBD-Enriched Cannabis in Pediatric TRE

Change in seizure frequency Participants*, n (%)

Exacerbation leading to withdrawal 5 (7)

Reduction

< 25% 19 (26)

25% to 50% 9 (12)

50% to 75% 25 (34) 

75% to 100% 13 (18)

35

AEs Participants, n (%)

Seizure exacerbation 13 (18)

Somnolence/fatigue 13 (22)

GI problems and irritability 5 (7)
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Observed Improvements

• Behavior and alertness

• Language

• Communication

• Motor skills

• Sleep
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What About THC in General?

• Likely either neutral or proactive as an anti-seizure 

chemical

• Broken down in liver as rest of plant

• Can have drug to drug interactions

• Likely inhibits growth of child or adolescent brain

• Needs more scientific evidence for medical use
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Stiripentol (Diacomit)

• Increases GABAergic transmission and prolong GABAa

receptor-mediated currents

• Can increase phenytoin, phenobarbital and carbamazepine by 

up to 50%

• Can also increase clobazam by up to 25%

• EU approved for Dravet syndrome (severe myoclonic epilepsy 

in infancy), when combined with valproate and clobazam

• The French experience in compassionate use suggests that 

STP might also be of benefit when combined with 

carbamazepine in pediatric patients with pharmacoresistant

partial epilepsy
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Dosing and Adverse Effects

• Common adverse effects were drowsiness, decreased 

appetite and nausea (can be improved by reducing dose 

of current AED)

• Dose range is 25 to 75 mg/kg/day BID to TID

• Available in 250 and 500 mg capsules and packets 

(sachets)

• FDA approved for Dravet in the US
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Fenfluramine

• Phase 3 trial

• 2-18 years of age

• 3 arms:  placebo, 0.2 mg/kg/day, 0.8 mg/kg/day

• 6 week baseline, 2 week titration, 12 week maintenance

• Primary endpoint:  mean change in convulsive seizures 

between placebo and 0.8 mg/kg/day

• 0.8 mg/kg/day - 63.9%

• 0.2 mg/kg/day - 33.7%  secondary endpoint

• Secondary endpoints:  responder rate, longest convulsive 

seizure free period (0.2 mg/kg/day) 
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Important Items

• Need baseline ECHO and follow-up ECHO studies 

• Need to enroll in REMS program

• Available from specialty pharmacy

• Contact company to help enroll into REMS program and 

learn how to use
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DBS FDA Approval

• Add-on treatment for focal epilepsy:

• Age 18 years and older

• Have focal onset seizures

• Have treatment resistant epilepsy
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Deep Brain Stimulation

43

• Bilateral, open loop

• Quadripolar Leads for 

bipolar or unipolar 

stimulation

• Intermittent (cycling) 

stimulation

Medtronic website
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Thalamus Anatomy
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Anterior Thalamic Nucleus Stimulation

• Thalamic nucleus, the central relay station of the limbic system, is closely 

connected to the hippocampi and to extensive areas of the neocortex1,2

• Lesions, high frequency stimulation, microinjections of GABAergic agonists 

into the AN had anticonvulsant effects

1. Schulze-Bonhage A. Deutsches Arzteblatt International 2009. 106(24): 407-12.  2. Hamani C et al. International Journal of 

Neural Systems 2009.  19(3):213-226. 
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Responsive neurostimulation (RNS)

46

Patient Data Management 
System (PDMS)

For Physicians

For Patients

NeuroPace Inc. © Copyright 2016

Closed loop stimulation
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RNS FDA Approval

• Adjunctive therapy in reducing the frequency of seizures 

in individuals 18 years of age or older with partial onset 

seizures:

• Who have undergone diagnostic testing that 

localized no more than two epileptogenic foci

• Refractory to two or more antiepileptic medications, 

and currently have frequent and disabling seizures 

(motor partial seizures, complex partial seizures 

and/or secondarily generalized seizures)
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Responsive Neurostimulation

sensing & stimulating 

electrodes

generator
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Responsive Neurostimulation

• Important parameters for responsive stimulation are temporal and 

spatial specificity

• Early detection and accurate lead placement are important 

determinants of the success of RNS

• Suggests that neurostimulation disrupts the epileptogenic network

• Seizure control improves over time

• Suggests a neuromodulatory effect

Sun et al. Neurotherapeutics. 2008.
Heck CN, et al. Epilepsia, 2014. 
Bergey GK, et al. Neurology, 2015
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What is the Long Term Data?
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Long Term Treatment

• May take time to work

• Discuss seizure reduction

• Potential for improved postictal period

• Decreased meds

• Improved attention and mood
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Responsive Neurostimulation (RNS)

• 191 patients

• Ages 18-70 (average age was 35)

• Refractory Partial Epilepsy 

• > 20 years duration

• 1/3 had prior brain surgery and/or 

VNS



………………..……………………………………………………………………………………………………………………………………..

RNS

• 24 months (open label)

• 46% responder rate

• 7.1% seizure-free



RNS Over Time

Sham

Treatmen
t
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RNS – Long Term Data

• Year 3:

• 214 patients with 60% median seizure reduction with 
responder rate of 57.9%

• Year 4:

• 204 patients with 63.3% median seizure reduction with 
responder rate of 60.8%

• Year 5:

• 172 patients with 65.5% median seizure reduction with 
responder rate of 61%

• Year 6:

• 115 patients with 65.7% median seizure reduction with 
responder rate of 59.1%
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RNS – 6 Year Data

• 126 patients 

• 70% median sz reduction, frontal and parietal

• 58% median sz reduction, temporal

• 26% > 6 months sz-free interval

• 14% >12 months seizure-free interval
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RNS – 6 Year Data

• 111 patients MTLE

• 66.5% median sz reduction

• 29% > 6 month sz-free interval

• 15% > 12 month sz-free interval
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DBS in Epilepsy

• 105 patients entered the long-term follow-up phase (> 13 
months)

• Median percent seizure reduction from baseline was 
69% at 5 years

• 16% of the patients were seizure-free for at least 
6 months

• In the study, each patient identified a most severe 
seizure type at the initial baseline visit

• Median percent seizure reduction for this seizure 
type was 75% at 5 years
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DBS Long Term by Seizure Location

• Median seizure reduction from baseline for temporal lobe 
seizures was 76% at 5 years

• Median seizure reduction from baseline for frontal lobe 
seizures was 59% at 5 years 

• For patients who had previously tried VNS, median 
seizure reduction was 69% at 5 years

• For patients who had resective epilepsy surgery, the 
median seizure reduction from baseline was 67% at 
5 years

• All endpoints improved compared to year one data



Five Year Results

• Top Chart is Median 

Seizure Reduction

• Bottom Chart is 

Responder Rate

• A. Schulze-Bonhage / 

Epilepsy & Behavior 91 

(2019) 25–29
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Future Treatment Gene Studies

• Ongoing antisense oligonucleotide (ASO) study in USA 

and abroad to decrease RNA transcription of 

complementary protein that worsens symptoms in Dravet

• AAV Vector study to start in 2021 to increase expression 

of normal SCN1a copies



Questions?

Slide 62



………………..……………………………………………………………………………………………………………………………………..

1. Ventola CL. Pharmacol Ther. 2014;39:776-784.
2. Johannessen SI et al. Curr Neuropharmacol. 2010;8:254-267.
3. Brodie MJ et al. Neurology. 2002;58(suppl 5):S2-S8.
4. England MJ et al. Epilepsy Behav. 2012;25:266-276.
5. Rosenberg EC et al. Neurotherapeutics. 2015;12:747-768.

6. FDA and marijuana: Questions and answers. FDA website. http://www.fda.gov/NewsEvents/PublicHealthFocus/ucm421168.htm#notapproved. Accessed December 18, 
2015.

7. Cilio MR et al. Epilepsia. 2014;55:787-790.
8. Curran HV et al. In: Pertwee RG, ed. Handbook of Cannabis. Oxford, UK: Oxford University Press; 2014:647-660.
9. Di Marzo V. Trends Pharmacol Sci. 2006; 27:134-140.
10. Gaoni Y et al. J Am Chem Soc. 1964; 86:1646-1647.
11. Pertwee RG. Br J Pharmacol. 2006; 147:S163-S171.
12. Di Marzo V. Nature Reviews Drug Discovery. 2004; 3:771-784.
13. Matias I et al. Int. J of Obesity. 2006;30:S7-S12.
14. ElSohly MA et al. In: Pertwee RG, ed. Handbook of Cannabis. Oxford, UK: Oxford University Press; 2014:3-22.
15. Devinsky O et al. Epilepsia. 2014;55:791-802.
16. Karler R et al. British J Pharmacol. 1980;68:479-484.
17. Brown DT. Cannabis: The genus cannabis (medicinal and aromatic plants-industrial profiles). CRC Press; 1998.
18. Izzo AA et al. Trends Pharmacol Sci. 2009; 30:515-527.
19. Koppel BS et al. Neurology. 2014;82:1556-1563.
20. Whiting PF et al. JAMA. 2015;313:2456-2473.
21. Gloss D et al. Cochrane Database Syst Rev. 2014 Mar 5;3:CD009270.pub3.
22. Perez-Reyes, M. & Wingfield, M. (1974). Letter: Cannabidiol and electroencephalographic epileptic activity. JAMA, 230, 1635
23. Carlini, E. A. & Cunha, J. M. (1981). Hypnotic and antiepileptic effects of cannabidiol. J Clin Pharmacol, 21, 417S-427S
24. Ames, F. R. & Cridland, S. (1986). Anticonvulsant effect of cannabidiol. S Afr Med J, 69, 14
25. Trembly, B. & Sheman, M. Double-blind clinical study of cannabidiol as a secondary anticonvulsant. Marijuana '90 International Conference on Cannabis and Cannabinoids, 

July 1990 Kolympari, Crete, Greece
26. Geffrey AL et al. (2015). Drug-drug interaction between clobazam and cannabidiol in children with refractory epilepsy. Epilepsia, 1–6, 2015 doi: 10.1111/epi.13060
27. Lopez C et al. Prospective, controlled trial of cannabidiol in a case of FIRES. American Epilepsy Society Annual Meeting. Abst. 3.307, 2014
28. Devinsky O et al. Efficacy and safety of Epidiolex (cannabidiol) in children and young adults with treatment-resistant epilepsy: Initial data from an expanded access.  

American Epilepsy Society Annual Meeting. Abst. 3.303, 2014
29. Gold J et al. Resolution of seizures and normalization of EEG after initiation of CBD in a patient with Doose syndrome. American Epilepsy Society Annual Meeting. Abst. 

2.104, 2014.
30. Devinsky O et al. Lancet Neurol. 2015; pii: S1474-4422(15)00379-8. doi: 10.1016/S1474-4422(15)00379-8. 
31. Porter BE et al. Epilepsy Behav. 2013;29:574-577.
32. Press CA et al. Epilepsy Behav. 2015;45:49-52.
33. http://www.mayoclinic.org/drugs-supplements/vitamin-b6/safety/hrb-20058788

References

http://www.fda.gov/NewsEvents/PublicHealthFocus/ucm421168.htm#notapproved


………………..……………………………………………………………………………………………………………………………………..

References
1. GW Pharmaceuticals initiates first phase 3 pivotal trial for Epidiolex in Dravet Syndrome [news release]. London, UK: 

March 31, 2015. http://ir.gwpharm.com/releasedetail.cfm?ReleaseID=904147. Accessed November 6, 2015.

2. A Study of GWP42006 in People With Focal Seizures - Part A. Clinicaltrials.gov website. 

https://www.clinicaltrials.gov/ct2/show/NCT02369471?term=GWP42006&rank=1. Accessed October 14, 2015.

3. GW pharmaceuticals, Pipeline. Website: https://www.gwpharm.com/products-pipeline/pipeline. Accessed September 

7, 2017.

4. Insys Therapeutics receives FDA Orphan Drug Designation for its pharmaceutical cannabidiol for the treatment of 

infantile spasms [news release]. Phoenix, AZ: August 4, 2015. http://insysrx.mwnewsroom.com/press-releases/insys-

therapeutics-receives-fda-orphan-drug-designation-for-its-pharmaceutical-c-nasdaq-insy-1210410. Accessed 

November 6, 2015.

5. Zynerba Pharmaceuticals initiates phase 1 clinical trial for ZYN002 CBD gel [news release]. Devon, PA: October 20, 

2015. http://ir.zynerba.com/phoenix.zhtml?c=253915&p=irol-newsArticle_print&ID=2098463. Accessed November 

13, 2015.

6. Zynerba Strikes Out In Phase 2 Study For Epilepsy Drug. Seeking Alphawebsite. 

https://seekingalpha.com/article/4096274-zynerba-strikes-phase-2-study-epilepsy-drug. Accessed August 8, 2017.

7. https://www.fda.gov/NewsEvents/PublicHealthFocus/ucm421168.htm

8. Devinsky O and Patel AD, et al.  Randomized Double Blind Trial of Cannabidiol in Lennox Gastaut Syndrome.  

NEJM.  May 17, 2018. 378:20:1888-97.

9. Devinsky O, Patel AD, et al.  Randomized, Dose-ranging Safety Trial of Cannabidiol in Dravet Syndrome.  Neurology.  

2018. 90(e1204:e1211).  

10.Devinsky O, Cross H, Laux L, Marsh E, Miller I, Nabbout R, Scheffer I, Thiele E, Wright S, for the Cannabidiol in 

Dravet Syndrome Study Group. Trial of Cannabidiol for Drug-Resistant Seizures in the Dravet Syndrome. N Engl J 

Med 2017;376:2011-20.

https://www.fda.gov/NewsEvents/PublicHealthFocus/ucm421168.htm


References
1. Iannotti FA et al. ACS Chem Neurosci. 2014; 5, 1131-1141

2. De Petrocellis L et al. Br J Pharmacol. 2011; 163(7):1479-94

3. De Petrocellis L et al. Acta Physiol. 2012; 204(2):255-66

4. Sylantyev S et al. Proc Natl Acad Sci USA. 2013; 110, 5193-5198

5. McHugh D et al. BMC Neurosci. 2010; 11:44

6. Laun AS et al. Biochem Biophys Res Commun. 2017; 490(1):17-21

7. Brown KJ et al. Biochem Biophys Res Commun. 2017; 493(1):451-454

8. O'Sullivan SE. Br J Pharmacol. 2016; 173(12):1899-91

9. Hejazi N et al. Mol. Pharmacol. 2006; 69:991–997

10. Xiong W et al. J Exp Med. 2012; 209(6):1121-34

11. Liou GI et al. Invest Ophthalmol Vis Sci. 2008; 49 (12):5526-31

12. Banerjee SP et al.  J Pharmacol Exp Ther, 1975; 194 (1) 74-8

13. Russo EB et al. Neurochem Res. 2005; 30(8):1037–1043

14. Longa JZ et al. Proc Natl Acad Sci USA. 2009; 106(48):20270-5

15. Elmes MW et al. J Biol Chem; 2015 290(14):8711-21

16. Szaflarski JP, Bebin MB,  Comi, AM,  Patel AD, Joshi C, Checketts D,  Beal JC, Laux LC, De Boer LM,  Wong 
MH, Lopez M, Devinsky O,  Lyons PD, Zentil PP, Wechsler R, on behalf of CBD EAP study group. Epilepsia.  
12 July 2018 https://doi.org/10.1111/epi.14477

17. https://seekingalpha.com/news/3376044-significant-portion-california-pot-failing-safety-tests

18. https://www.ocregister.com/2018/07/26/first-tests-are-in-and-one-in-five-marijuana-samples-in-ca-isnt-making-
grade/

19. https://www.npr.org/sections/health-shots/2018/08/06/632469743/how-one-familys-fight-with-epilepsy-led-to-
the-first-marijuana-based-pharmaceuti

20. https://www.wsj.com/articles/new-marijuana-based-epilepsy-treatment-to-cost-32-500-a-year-1533761758

21. O'Brien TJ, et al. AES 2017. Abstract 2.428; Messenheimer J, et al. AAN 2018. P4.468

22. Tzadok M, et al. Seizure. 2016;35:41-44. 

https://doi.org/10.1111/epi.14477
https://seekingalpha.com/news/3376044-significant-portion-california-pot-failing-safety-tests
https://www.ocregister.com/2018/07/26/first-tests-are-in-and-one-in-five-marijuana-samples-in-ca-isnt-making-grade/
https://www.npr.org/sections/health-shots/2018/08/06/632469743/how-one-familys-fight-with-epilepsy-led-to-the-first-marijuana-based-pharmaceuti
https://www.wsj.com/articles/new-marijuana-based-epilepsy-treatment-to-cost-32-500-a-year-1533761758

