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Recreational cannabis use in adults with epilepsy is widespread. The use of cannabis for medicinal purposes is
also becoming more prevalent. For this purpose, various preparations of cannabis of varying strengths and con-
tent are being used. The recent changes in the legal environment have improved the availability of products with
high cannabidiol (CBD) and low tetrahydrocannabinol (THC) concentrations. There is some anecdotal evidence
of their potential efficacy, but the mechanisms of such action are not entirely clear. Some suspect an existence
of synergy or “entourage effect” between CBD and THC. There is strong evidence that THC acts via the cannabi-
noid receptor CB1. The mechanism of action of CBD is less clear but is likely polypharmacological. The scientific
data support the role of the endocannabinoid system in seizure generation, maintenance, and control in animal
models of epilepsy. There are clear data for the negative effects of cannabis on the developing and mature brain
though these effects appear to be relatively mild in most cases. Further data from well-designed studies are
needed regarding short- and long-term efficacy and side effects of CBD or high-CBD/low-THC products for the
treatment of seizures and epilepsy in children and adults.

© 2014 Elsevier Inc. All rights reserved.
Key questions
1. What is the role of the endocannabinoid system in response
to cannabis and its compounds?

2. Does the epidemiology of cannabis use support developing
cannabis and its compounds for the treatment of epilepsy?

3. What are the cognitive, psychosocial, and behavioral effects
of cannabis and its compounds?

4. What is the evidence for efficacy of cannabis and its com-
pounds for the treatment of human epilepsy?

1. Introduction

Despite the recent interest, there is nothing new or revolutionary
about proposing the use of cannabis or its derivatives formedicinal pur-
poses. The oldest known written reports on cannabis use come from
China (Chinese Emperor Fu Hsi, ca. 2900 BC, mentioned cannabis as a
medicine that possessed yin and yang; there are also written records
on cannabis from Chinese Emperor Shen Nung from 2737 BC [1,2]).
The first definite scientific documentation of Cannabis sativa uses for
medical and ritual purposes obtained through recent archeological dis-
coveries in China comes from circa 2500 years BC [3]. Similar uses –
Civitan International Research
, AL 35294-0021, USA. Tel.: +1
medicinal, religious, and recreational – have been reported over the
following millennia from Asia, Africa, Europe, and North/Central
America [4]. Reports of cannabis use for the management of seizures
came from modern neurologists including O'Shaughnessy and
Gowers [5,6]. What is truly new is the hype that cannabis and its
products have generated in the last few years and the numerous,
mainly anecdotal, reports of its efficacy for seizure control in patients
with various, mostly catastrophic, epilepsies [7].

The modern history of cannabis in the United States started in the
17th century with the decree by King James that forced all property
owners in the colony to grow 100 plants of hemp for industrial/export
purposes (the word hemp indicates industrial use, and the words can-
nabis and marijuana imply medicinal and recreational uses) [1].
Throughout the mid-to-late 19th century, cannabis growth, processing,
distribution, and usewere ubiquitous. During those times, cannabis was
used mainly for medicinal purposes, with the US Dispensatory in 1854
listing cannabis compounds as possible remedies for neuralgia, depres-
sion, pain, muscle spasms, etc. At that time, the main supplier of “Piso's
Cure for Consumption”was Hazeltine Corporation inWarren, PA. At the
request of the federal government via the “Pure Food and Drug Act”, the
name of their product was changed to “Piso's Cure” and, later, to “Piso's
Remedy” for coughs and colds. It was thought to be a remedy for all ages
as indicated in Norman Rockwell's advertisement that stated “Good for
young and old”with multiple suggested uses. From then until the early
20th century, the use of cannabis plant products was not regulated. The
first restrictions were introduced in 1906 by the “Pure Food and Drug
Act”. Between 1893 and 1894, the “Indian Hemp Drugs Commission”
contracted by the British government produced a detailed report on
the growth, production, uses, and abuses of cannabis products. Many
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of the same issues were addressed by the Commission as are being
resurrected in America as well as around the world today [8]. Despite
opposition from the American Medical Association (AMA) in 1937, the
US government made it illegal to possess or transfer cannabis. Recently,
the political climate has changed, andmany states have introduced var-
ious pieces of legislation ranging from limited approval of high-
cannabidiol (CBD) products for medicinal purposes (e.g., Carly's Law in
Alabama) to complete legalization of cannabis use in an attempt to cir-
cumvent the federal law (e.g., Colorado). The majority of the public is
in support of some form of legalization of cannabis usewith the “Ending
Federal Marijuana Prohibition Act of 2013 (H.R. 499)” introduced re-
cently. Thus, the question is, “are we going to see a resurrection of med-
ical (and other) cannabis use in the US in the next decade”? Since the
answer is most likely “yes”, given the current growth in medicinal and
recreational uses in Colorado after legalization [9], as physicians, we
need to understand the medical aspects of cannabis use. Therefore,
this targeted review poses four key questions:

1. What is the role of the endocannabinoid system in response to can-
nabis and its compounds?

2. Does the epidemiology of cannabis use support developing cannabis
and its compounds for the treatment of epilepsy?

3. What are the cognitive, psychosocial, and behavioral effects of canna-
bis and its compounds?

4. What is the evidence for efficacy of cannabis and its compounds for
the treatment of human epilepsy?

2. Key questions

2.1.What is the role of the endocannabinoid system in response to cannabis
and its compounds?

The evidence for the importance of the endocannabinoid system
(ECS) as a potential target for the development of new antiepileptic
drugs comes from animal rather than human studies. Beforewe address
the role of the ECS in response to cannabis for the management of
epilepsy, we need to understand the overall role of the system.
Endocannabinoid system research began with the discovery of can-
nabinoid receptor-1 (CB1) in 1988 [10,11]. Since then, a system com-
posed of cannabinoid receptors CB1 and CB2, their endogenous ligands
N-arachidonoylethanolamine (anandamide; AEA) and 2-
arachidonoylglycerol (2-AG), and various proteins that take part in
their synthesis and removal has been described. Both CB1 and CB2 are
metabotropic G-protein-coupled receptors. Their activation in response
to excessive neuronal activity is dependent upon the “on-demand” syn-
thesis of the AEA and 2-AG ligands [12,13]. The inactivation process of
AEA and 2-AG is rapid, and it may include an intracellular facilitated
transport mechanism, hydrolysis, or other currently unknown mecha-
nism(s) [14]. The ECS is important for bioregulation as it takes part or
is responsible for many processes such as inflammation, energy metab-
olism, immune regulation, memory, mood, and brain reward systems;
overactivation of ECS may lead to obesity, type II diabetes, metabolic
problems, and some forms of liver disease [15].

The cannabinoid receptors (CB1 and CB2) differ in their biological
distribution and involvement. Cannabinoid type 1 receptors are pre-
dominantly located in the central (neocortex, hippocampus, basal gan-
glia, and cerebellum) and peripheral nervous systems with less
pronounced expression in other tissues. By contrast, CB2 receptors are
located predominantly in the immune system with lesser density/
representation in the central and peripheral nervous systems and
in the gastrointestinal tract. The roles of these receptors are also
divergent — CB1 receptors are implicated in central food intake regula-
tion, response to novelty and stress, addictive behavior, liver/gastroin-
testinal tract regulation, olfaction, and cardiovascular activity; the role
of CB2 receptors is less established, but overall, these receptors are
thought to bemainly involved in immune regulationwith lesser involve-
ment in reward processing/addictive behavior and neurodegeneration.

Cannabis and its preparations such as marijuana smoke, kief, resin,
oil, or tincture contain over 100 hydrocarbon compounds called
“phytocannabinoids” [16]. The two most researched compounds are
tetrahydrocannabinol (THC) and cannabidiol (CBD), with additional data
available on several other cannabinoids including tetrahydrocannabivarin
(THCV), cannabigerol, and cannabichromene [16,17].

Tetrahydrocannabinol and cannabidiol have been shown to be effec-
tive and have similar potency in themaximal electroshockmodel of ep-
ilepsy [18,19], but their mechanism of action was not elucidated until
much later. A series of elegant experiments investigated the importance
of ECS, THC, and CBD for the control of seizures in experimental models
of epilepsy [20–22]. In the first set of experiments, these authors
showed that both THC and CBD act as anticonvulsants in the maximal
electroshockmodel of epilepsy and that the action of THCwasmediated
via the CB1 receptor. Themechanismof action of CBDwas different than
that of THC and not elucidated in that study [22]. In the second set of ex-
periments, the same authors solidified the role of the CB1 receptor via
testing the effects of AEA and AEA blockade in the same animal model
of epilepsy and, again, showed strong anticonvulsant effect [21]. Finally,
they showed, in the pilocarpine model of epilepsy (previously docu-
mented to resemble human focal-onset epilepsy), that THC and its ana-
logue abolished seizures, while blocking the CB1 receptor induced an
epileptic condition similar to status epilepticus [20].While these studies
solidified the importance of the CB1 receptor for the control of seizures,
they also established that the antiepilepticmechanism of CBD ismediat-
ed via mechanism(s) different than the endocannabinoid system.

As indicated above, there is little doubt that CBD has antiepileptic
properties. These properties have been studied in various animal
models of epilepsy including the audiogenic [23], maximal electroshock
[22,23], penicillin [24], pentylenetetrazole (PTZ) [25,26], pilocarpine
[24], and transcorneal electroshock models [27] to show consistent
antiepileptic effects. It is not clear how CBD exerts these properties. It
has been proposed that CBD exerts its anticonvulsant effect via a
polypharmacological profile and simultaneous modulation and/or pre-
vention of neuronal hyperexcitability [24]. Multiple putative mecha-
nisms of action of CBD have been discussed including effects on
serotoninergic (5HT1α) receptors and NMDA receptors, regulation of
Ca++

flow, enhancement of adenosine signaling, or interaction with
GABA receptors (increased inhibition) [17,24,27–30]. These and other
mechanisms of CBD's action may contribute to the synergistic or
so-called “entourage” effects between CBD and THC and CBD's ability
to reduce the psychoactive side effects of THC [16].

The current data not only support the role of the ECS in the genera-
tion andmaintenance of seizures but also explain the positive effects of
THC on seizure control in animal models of epilepsy. Further, the data
support the notion that CBD is an effective and potentially potent anti-
convulsant in animal models of epilepsy and that, through synergism
with THC, it may exert direct and indirect effects on seizure control.
Whether these or other effects will be observed in human epilepsy
remains to be seen, but the results of animal studies appear to be in
agreement with some of the anecdotal human data [28,31].

2.2. Does the epidemiology of cannabis use support developing cannabis
and its compounds for the treatment of epilepsy?

According to the World Health Organization, approximately 2.5%
(147 million) of the adult population worldwide uses cannabis for
recreational or other reasons [32]. When used for medicinal purposes,
cannabis is considered a complementary and alternative medicine
(CAM) as it is not a mainstream or conventional therapy [33]. Approxi-
mately 40% of adults with epilepsy use or have used CAMs either
because of lack of efficacy of the standard therapies, because of their
side effects, or for other reasons. While the majority of CAMs are
nonpharmacological (e.g., meditation, relaxation techniques, or stress
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management), the use of botanicals is of particular concern [33]. One of
the botanicals used by patients with epilepsy is cannabis or, more re-
cently, its other preparations including oil. Since its use is widespread
in patients with epilepsy, it is of interest whether epidemiologic studies
can provide insight into the effects of cannabis on seizure threshold in
individuals who do not have epilepsy but use cannabis and in patients
with seizures who use cannabis for recreational purposes. Some recent
publications provide insights for such uses.

In a recent informal interview of N215 patients with active epilepsy
who have used recreational cannabis intermittently or regularly, the
investigators determined that more than 90% of them failed to appreci-
ate any benefit of cannabis for seizure control [5]. Only 7% believed that
their seizures were better, and the rest felt that their seizures were
worsewith the use of cannabis. These authors also reported anecdotally
that generalized epilepsies, especially juvenile myoclonic epilepsy, may
get worse with the recreational use of cannabis [5]. This is in agreement
with the single-case study that reported worsening of epilepsy in a pa-
tient with generalized seizures after use of cannabis [34] and a report of
negative effects of cannabis products on an EEG in a patient with other-
wise controlled genetic generalized epilepsy [35]. In a 1976 study, 29%
of patients with epilepsy reported self-medication with cannabis for
the treatment of epilepsy— of those, one reported that cannabis caused
seizures, and only one indicated improvement with cannabis use [36].
In amore recent Canadian study, 28/165patientswith epilepsywere ac-
tive users of cannabis [37]. Of the cannabis users, 68% reported improve-
ments in seizure severity and 54% in seizure frequency. Further, in this
study, the use of cannabis was associated with a longer duration of ep-
ilepsy and an increased seizure frequency. This likely reflects the notion
that patients with more frequent and difficult to control medical condi-
tions are more likely to resort to CAMs in order to improve their health
[38]. Even more recently, Hamerle et al. reported on 310 patients with
epilepsy, of whom 63 (20.3%) reported cannabis use after the diagnosis
of epilepsy was made [39]. Of these 63 patients, 53 reported no effect of
cannabis use on seizure frequency, 7 reported an increase in seizure
frequency, and 3 reported improvement.

Finally, one of the early epidemiologic case–control studies of illicit
drug use in the US in patients with new-onset seizures included canna-
bis [40]. While the prevalence of cannabis use in patients with new-
onset seizures was lower than that in controls, these differences were
not significant. With careful analyses, these authors were able to show
that cannabis use in men (but not in women) was protective against
new-onset unprovoked seizures and protective against new-onset pro-
voked seizures when used within 90 days of seizure presentation; this
effect was only present in sole cannabis users. This protective effect
was not observed in multidrug users, such as those combining heroin
with cannabis [40].

In summary, there is some evidence that cannabismay be protecting
patients from new-onset seizures and that it may help with seizure
control in patients with already established epilepsies, but, overall, the
epidemiological data in support of this notion are relatively weak and,
sometimes, contradictory. Further evidence from well-designed retro-
spective and prospective studies investigating various cannabis prepa-
rations, strengths, and compositions (THC/CBD proportion) is needed.

2.3.What are the cognitive, psychosocial, and behavioral effects of cannabis
and its compounds?

The cognitive, psychosocial, and behavioral side effects of cannabis
use (smoking or other uses) are usually mild and transient. Further, the
effects of THC and CBD are opposite, with THC being the psychoactive
compound andCBDbeing void of such properties andpossibly able to off-
set some of the psychoactive effects of THC [41–43]. These effects may be
dependent on dose and/or THC/CBD content [42–44]. The effects of can-
nabis use, similar to other drugs, may be divided into acute/subacute
and chronic [45] as well as withdrawal, with the understanding that the
occurrence of such effects is dependent, in part, on the THC/CBD content,
themode of intake (smoking, oral intake), and the age of initiation of use.
Some of these effects are unlikely to be present in pharmaceutical prep-
arations of cannabis that contain small amounts of THC and high CBD
content and are grossly devoid of various contaminants.

2.3.1. Acute and subacute effects
The effects of inhaled cannabis smoke are perceptible within sec-

onds to minutes, while the effects of cannabis preparations taken orally
are usually delayed for minutes to hours. Because of its high lipid solu-
bility, the peak concentration of THC is reached within days of single
use and, with the half-life of ~7 days, its elimination takes up to
30 days; the distribution of THC in tissues follows different phases,
with a rapid peak in the blood and then in the brain and a peak in fat tis-
sue delayed by 5–7 days [41]. Overall, cannabis used for recreational
purposes may cause several psychoactive as well as constitutional
symptoms. The psychoactive symptoms include relaxation, euphoria
(“high”), anxiety, jocularity, and increased sociability. More severe
side effects of cannabis use may include depersonalization, changes in
perception of time, and decreased memory functions and abstract
thinking. Other cognitive impairments and physical symptoms of
sympathetic instability include conjunctival injection, hypotension or
hypertension, tachycardia, and appetite changes; psychomotor perfor-
mance is typically affected with effects similar to those of alcohol [15].
With increasing doses, confusion, visual and/or auditory hallucinations,
and paranoiamay appear. Finally, cannabis has been reported as the po-
tential etiology or precipitating factor in reversible cerebral vasocon-
striction syndrome [46]. One case compilation reported 58 cannabis-
related ischemic and one hemorrhagic stroke in patients within
30min of cannabis use [47]. These data suggest the possibility of canna-
bis causing ischemic changes in the brain via a vasospastic mechanism.

2.3.2. Chronic effects
After long-standing chronic use of cannabis, evenwhen abstinence is

achieved, persistent symptoms of use may be observed [2,48]. These in-
clude the risks of subtle attention andmemory impairment. There also is
dependence characterized by the inability to abstain from cannabis use.
There are several potential physical chronic effects related to smoking
cannabis similar to tobacco use that comprise chronic bronchitis/
emphysema, neoplastic changes including oral and lung cancer,
and cardiovascular effects [2]. An example of tangible chronic results
of cannabis use is the negative effect on axons and their connectivity
[49]. Further, one functional MRI (fMRI) study that compared teen-
agers who were or were not exposed to cannabis during prenatal de-
velopment showed that as the amount of prenatal cannabis exposure
increased, there were significant changes in the levels of brain activ-
ity in multiple regions, suggesting that prenatal cannabis exposure
alters neural functioning during visuospatial working memory pro-
cessing in young adulthood [50]. Another fMRI study provided addi-
tional evidence for the negative effects of chronic cannabis use on the
brain and showed altered participation of frontal and limbic systems
in emotion processing when compared with healthy controls [51].
Finally, chronic immunosuppression, endocrine, and reproductive
effects have also been observed [2,41].

2.3.3. Age-related effects on cognition
There is growing evidence that recreational cannabis use has short-

and long-term effects on the developing and mature brain [52]. A study
that compared the effects of prenatal tobacco with cannabis exposure
on cognitive performance in adolescents showed that prenatal cigarette
exposure was associated with lowered IQ, poorer impulse control, and
poorer performance on visuoperceptual tests; prenatal cannabis expo-
sure negatively impacted the use of these skills in problem-solving situ-
ations requiring visual integration, analytical skills, and sustained
attention [53]. An fMRI study mentioned previously [50] indicated
that prenatal exposure to cannabis is associated with altered neural
networks for visuospatial memory. Another study assessed the IQ in
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adolescents before, during, and after cannabis use to show that current
use was significantly correlated in a dose-related fashion with a decline
in IQ over the ages studied with IQ decreasing by 4.1 points in current
heavy users compared with gains in IQ points for light current users,
former users, and nonusers [54]. A recent MRI study showed negative
effects on diffusion tensor imaging measures that were dependent on
the age at which cannabis use commenced [49]. The negative effects
of cannabis exposure and use on prenatal and early postnatal develop-
ment are likely observed because of the importance of the ECS for the
development of the central nervous system and the effects that canna-
bis products exert on the system [55].

2.3.4. Withdrawal
Withdrawal from cannabis is observed frequently, and the symp-

toms ofwithdrawalmay be similar to those of acute alcohol withdrawal
including tremulousness, insomnia, gastrointestinal problems, and
delirium. In a study of 469 adult cannabis smokerswho hadmade an at-
tempt to quit while not in a controlled environment, ~42% experienced
withdrawal symptoms [56]. The number of the withdrawal symptoms
was associated with the frequency of cannabis use; the withdrawal
symptoms included craving for cannabis products, sleep disturbances,
changes in appetite, verbal/physical aggression, moodiness, and various
physical symptoms. Again, these symptoms are unlikely to be present in
the users of pharmaceutical preparations of cannabis with high CBD and
low THC content.

Finally, only one study addressed the combined side effects of high CBD
and low THC preparation of cannabis [57]. In a press release, GW Pharma
provided safety data on 62 patients who received Epidiolex as part of
their compassionate use study (N97% CBD; b3% THC) [57]. The most fre-
quent side effects reportedwere somnolence, fatigue, diarrhea, and chang-
es in appetite, with ~80% of patients reporting at least one side effect. None
of the patientswithdrew from the study because of the side effects. Serious
adverse events occurred in 7 patients including one death due to SUDEP.
Noneof these serious adverse eventsweredeemed related to the treatment
with CBD/THC combination by the investigators.

2.4. What is the evidence for efficacy of cannabis and its compounds for the
treatment of human epilepsy?

Substantial progress has been made in our understanding of the ef-
fects of cannabinoids on various animal models of epilepsy [15,28].
There are also many anecdotal (single case) reports of cannabis efficacy
for the treatment of epilepsy including the highly publicized case of
Charlotte Figi [6,58,59], but what is the available body of evidence for
the use of cannabinoids for the treatment of human epilepsy?
Table 1
Compilation of efficacy data from studies of CBD or THC that includedmore than one patient. A
treated with CBD and/or THC reported as improved.

Author (reference) Number of
participants

Age of participants Diagnosis

Ames and Cridland [60] 12a Adults Epilepsy and MR
Cunha et al. [61] 15b Adults Focal-onset epilepsy
Davis and Ramsey [62] 5 Children Epilepsy and MR
GW Pharma [57] 27 Children and adults Epilepsy
Lorenz [63] 6c Children Epilepsy and MR
Mechoulam and Carlini [64] 9d Adults Temporal lobe epileps
Porter and Jacobson [65] 19e Children Catastrophic epilepsie

Trembly and Sherman [66] 12f Adults Epilepsy

MR— mental retardation.
– Not reported or not available.

a Six received placebo, and six received CBD (randomized and blinded study).
b Seven in the CBD group and eight in the placebo group; one from the placebo group trans
c Case series of 8 children but only 6 with seizures/epilepsy.
d Four patients received CBD, and five patients received placebo (randomized and blinded s
e Facebook-based group of parents who reported on their children.
f Blinded cross-over study.
Let us start with some more anecdotal evidence (Table 1). In
one study, five institutionalized children with grand mal epilepsy
were treated with isomeric homologues of THC and showed some
response to either of the two analogues [62]. While these authors
suggested the need for further trials of these compounds, it is un-
clear whether such attempts have been made. Recently, a study re-
ported on the use of cannabinoids in children with treatment-
refractory epilepsy [65]. In this study, the authors surveyed an
internet-based (Facebook) group of approximately 150 parents of
children with various types of medication-resistant epilepsy in-
cluding Dravet and Lennox–Gastaut syndromes. Nineteen of the par-
ents responded by providing diagnostic and treatment data. The
dosage of cannabidiol (CBD) was 1–28 mg/kg/day with a small per-
centage of tetrahydrocannabinol (THC) intermixed; in most cases,
the THC content was less than 10%. Three of the children became
seizure-free, while another 10 had 80% or more improvement in
seizure control. These changes were associated with a mixture of
positive (better mood, increased alertness, better sleep, and decreased
self-stimulation) and negative (drowsiness, fatigue, and decreased ap-
petite) side effects.

Several previous studies (Table 1), some of them randomized
and blinded, provided data on a total of 105 patients (some of
these patients received placebo). Ames and Cridland reported in a
“letter to the editor” that they randomized 12 institutionalized
patients with poorly controlled epilepsy to receive CBD 100 mg
twice daily or placebo [60]. They planned a cross-over study, but
they ran out of supply of CBD and were not able to complete the
research. They did not observe any differences between treatment
groups. Cunha et al. conducted a two-phase study [61]. In phase I,
healthy volunteers received 3 mg/kg/day of CBD for 30 days and
were compared with healthy controls who received identical-
appearing capsules; no differences between groups in adverse
events were observed. In phase II, 15 adults with focal-onset
epilepsies were randomized to 200–300 mg/day of CBD or placebo.
Of the patients who received CBD, 7/8 reported improvement in
seizures (none were seizure-free); of the patients who received
placebo, 7 remained unchanged (one crossed over to the treatment
group after one month) and one patient who received placebo
reported improvement [61]. Trembly and Sherman conducted a
double-blind, cross-over, placebo-controlled trial in 12 adults
with incompletely controlled epilepsy [66]. While the published
abstract indicated that there were no differences between placebo
and active treatment (CBD 100 mg three times per day) in standard
laboratory work or neuropsychological/mood testing, a later book
chapter reported on the lack of efficacy for seizure management
total of 105 children and adults were reported (some received placebo) with 42/69 (61%)

Preparation Dosage Response

CBD capsules Up to 600 mg/day –

CBD capsules ~1.5 mg/kg/day 4/8 CBD and 1/8 placebo improved
THC isomers Up to 4 mg/day 2/5 improved and 1/5 worsened
CBD (Epidiolex) – 13/27 improved 50% or more
THC Up to 0.12 mg/kg/day 4/6 improved

y CBD 200 mg/day 3/4 CBD and 0/5 placebo improved
s CBD/THC CBD up to 28 mg/kg/day

THC up to 0.8 mg/kg/day
16/19 improved

CBD 300 mg/day –

itioned after 1 month to the treatment group (total treated = 8).

tudy).
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[31,66]. Mechoulam and Carlini treated 4 patients with CBD
(200 mg daily) and 5 patients with placebo and showed that 3/4
of patients treated with CBD improved while none of the patients
who received placebo improved [64]. Finally, the data provided in
a press release by GW Pharma [46] provide some evidence for effi-
cacy of the low-THC/high-CBD product. Of the 27 patients (Table 1)
enrolled in the study, 48% reported at least 50% seizure reduction,
and 15% were seizure-free at the end of 12 weeks of treatment.
There are numerous difficulties with the available data as the
written reports provide very limited information on how the
studies were conducted, how patients were randomized, how
groups were compared, what were the doses of other concomitant
antiepileptic drugs (AEDs), etc. Thus, given the quality of the avail-
able data, no reliable conclusions can be drawn from the available
studies.

Nevertheless, the available studies provide some important
safety data as very few of the included subjects, whether in the
internet study by Porter and Jacobson or in the other studies
presented above, suffered from severe adverse events. One of
the reasons for this may be the fact that the majority of the
studies used low-dose CBD (e.g., 200–600 mg/day; Table 1). In
addition, since improvements were noted in some of the above
studies (42/69; 61% patients treated with cannabis preparations
who had outcome data available), further development of cannabis
for the treatment of poorly controlled epilepsy may be warranted.
Thus, trials of cannabis-derived products for the treatment of
poorly controlled seizures in patients with Dravet syndrome
(NCT02091375; NCT02091206) are being initiated (www.clinicaltrials.
gov; accessed: 8/14/14), and studies of other epilepsies are being
developed.
3. Summary

Cannabis use is prevalent in patients with epilepsy, and various
preparations of cannabis are currently in use. With the legalization
of cannabis in some states in the U.S., there is increased availability
of high-CBD/low-THC products for the treatment of epilepsies as-
sociated with poorly controlled seizures including catastrophic ep-
ilepsies of childhood. There is some anecdotal evidence of the
potential efficacy of cannabis in treating epilepsy. Based on this ev-
idence, there has been an increased effort on the part of patients
with epilepsy, their caregivers, growers, and legislators to legalize
various forms of cannabis. As these efforts continue and the avail-
ability of cannabis preparations grows, the professional epilepsy
community is at the crossroads — as there is increasing push to le-
galize “medical marijuana”, there is also increased concern about
its efficacy, the relative efficacy of various preparations, the
availability of medication-grade preparations, the dosing, as well
as the potential short- and long-term side effects including the
negative effects on prenatal and childhood development. While
we are cognizant of these effects, it is incumbent upon us to design
and conduct studies that will address these issues. Such efforts are
underway under the leadership of industry and major academic
centers. If cannabis as a treatment for epilepsy fulfills its promise,
will we, in the future, prescribe “it” for epilepsy treatment? Only
well-designed studies can answer this question.
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Key questions (answered)

1. What is the role of the endocannabinoid system in re-
sponse to cannabis and its compounds?

There is substantial evidence in support of THC as a sub-
strate for cannabinoid receptors and the mediation of its ef-
fect via ECS. Themechanismof action of CBD is less clear and
unlikely directly mediated via the cannabinoid receptors.
There is potential synergy (“entourage effect”) between
THC and CBD, and it is clear that some of the negative effects
of THC may be offset or eliminated by CBD, further
supporting the notion of different mechanisms of action of
these compounds.

2. Does the epidemiology of cannabis use support develop-
ing cannabis and its compounds for the treatment of ep-
ilepsy?

Some data are indicating that cannabis may be protecting
patients from new-onset seizures and that it may help
with seizure control in patientswith already established ep-
ilepsies, but, overall, the epidemiological data in support of
this notion are relatively weak and, sometimes,
contradictory.

3. What are the cognitive, psychosocial, and behavioral ef-
fects of cannabis and its compounds?

The evidence for negative and variable effects of cannabis
products on cognition is irrefutable. Dose-related and age-
of-use-initiation-related effects have been observed. It is
not clearwhether similar effectswill be observedwith prep-
arations that have high CBD/low THC content, but this ap-
pears to be unlikely as CBD may be able to offset the
negative psychosocial and cognitive effects of THC.

4. What is the evidence for efficacy of cannabis and its com-
pounds for the treatment of human epilepsy?

To summarize, the evidence is weak at best (Table 1). There
is a lack of well-designed, controlled, longitudinal and
double-blind studies. Currently, such studies are being de-
veloped, proposed, or conducted.
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