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Abstract

Introduction: Recent trials using cannabidiol (CBD) have shown that most acute and prolonged
adverse effects of CBD are mild to moderate, with rare serious adverse effects (SAEs). This
review focused on analyzing SAEs of CBD and their possible relation to drug-drug interactions.

Areas covered: We systematically analyzed the SAEs reported in randomized controlled trials
(RCTs) involving the administration of oral CBD for at least one week in both healthy
volunteers and clinical samples.

Expert opinion: SAEs related to CBD in RCT are rare and include mainly elevated
transaminases, convulsion, sedation, lethargy, and upper respiratory trait infections. Elevated
transaminases are related to concomitant valproate use, while sedation, lethargy, and upper
respiratory trait infections are related to concomitant clobazam use. Epileptic patients should
be monitored when using CBD concomitantly with these and other antiepileptic drugs for
other possible drug-drug interactions

Article highlights

e Cannabidiol (CBD) is a phytocannabinoid devoid of the psychoactive, cognitive and
behavioral effects of tetrahydrocannabinol (THC)

e CBD has antipsychotic, anxiolytic, anti-inflammatory, and anticonvulsant
properties.

e Recent randomized controlled trials (RCTs) have shown that most acute and
prolonged (weeks) adverse effects of CBD are mild to moderate

e Seriousadverse effects (SAEs) are rare and include mainly elevated transaminases,
convulsion, sedation, lethargy, and upper respiratory trait infections.

e Elevated transaminases are related to concomitant use of CBD with valproate,
while sedation, lethargy, and upper respiratory trait infections are related to
concomitant clobazam use.

e Epileptic patients should be monitored when using CBD concomitantly with
valproate and clobazam and for other possible drug-drug interactions



1. Introduction

Cannabidiol (CBD) is the second most abundant phytocannabinoid in the psychoactive
cannabis varieties, while it is the main compound in non-psychoactive hemp varieties (1). CBD
does not induce the typical euphoriant and pleasurable effects of cannabis, which are
produced by tetrahydrocannabinol (THC), the compound also responsible for the dependence
potential and negative effects of prolonged cannabis use (2). Moreover, there is evidence that
CBD has opposite behavioral, subjective and cognitive effects compared to THC, and may also
counteract its effects (3-5).

The different profile of behavioral, subjective and cognitive effects of CBD compared to THC is
also reflected in their mechanisms of action. THC is a partial agonist of cannabinoid receptors
type-1 and type-2 (CB,,,). These receptors, together with their endogenous ligands
(endocannabinoids) anandamide (AEA) and 2-arachidonyl glycerol (2-AG) and the respective
synthesis and degradation enzymes (fatty acid amide hydrolase [FAAH] and monoacyglycerol
lipase [MAGL]) form the endocannabinoid system (ECS) (6,7). CBD, on the contrary, does not
display high affinity for CB;;, and seems to act as a negative allosteric modulator of CB;
receptors and an antagonist of CB, receptor. Moreover, CBD may also inhibit AEA hydrolysis,
act as an antagonist at the putative novel cannabinoid receptor G protein-coupled receptor 55
(GPR55), and as an agonist at the transient receptor potential vanilloid 1 and 2 receptor
channels (TRPV;;) and the serotonergic 5-HT;, receptors, among others mechanisms (8,9).

In the last 40 years, evidence from preclinical and clinical studies (including a growing number
of randomized controlled trials (RCTs)) has accumulated reporting therapeutic effects of CBD
on several neurological and psychiatric disorders, including epilepsy (10-13), Parkinson’s
disease (14), psychosis (15-18) and anxiety (16,18), among others. Moreover, CBD is also being
studied in some systemic diseases in RCTs (Jadoon et al, 2016; Naftali et al. 2017).

Evidence from previous reviews on the safety of CBD (19,20) and from the above cited RCTs
suggest that, overall, CBD has a favorable safety profile. The most common adverse effects
observed in RCTs include mild to moderate gastrointestinal (diarrhea, nausea, vomiting),
central (sedation, somnolence, fatigue, convulsion), and metabolic (increases in serum
aminotransferases, decreased appetite) effects, which are mainly reported in studies with
epileptic patients (10-13). Studies in epilepsy also show that the overall occurrence of adverse
effects, treatment discontinuation, and study withdrawals due to adverse effects are higher in
the CBD treatment groups when compared to placebo (10-13).

A possible explanation for the higher reporting of adverse effects in the studies of CBD and
epilepsy involves drug-drug interactions, especially with drugs widely used in the treatment of
severe forms of epilepsy (such as Dravet and Lennox-Gastaut syndromes), including clobazam
and valproic acid/valproate (21,22). Second-line drugs typically include stiripentol, topiramate
and levetiracetam, which may also cause drug-drug interactions with concomitant CBD use
(21-24). Most of these interactions could be explained by inhibition of the catalytic activity of
the cytochrome P450 (CYP) 2C19 and 3A4 enzymes induced by CBD (21-24).

Although previous reviews have reported the overall safety of CBD and the adverse effects
observed in RCTs, to the best of our knowledge there is no review focused on the serious
adverse effects (SAEs) associated with CBD use. Thus, the objective of the present review is to
systematically assess the occurrence of SAEs reported in RCTs of prolonged (at least one week)
administration of CBD. We will assess the possible association of these SAEs with drug-drug
interactions.



2. Method

In this review, a systematic analysis of existing literature regarding the safety of long-term (at
least one week) oral CBD administration in humans has been compiled. A PubMed search using
the terms (cannabidiol) AND (randomized clinical trial OR double-blind OR placebo controlled)
was performed until March 2020. We also reviewed 25 selected systematic reviews and/or
meta-analysis published in the last six years (2014-2020) that analyzed clinical trials assessing
the therapeutic potential of cannabinoids in general (25-28) and specifically for neurological
disorders (mostly epilepsy) (10-13,29,30), psychiatric/mental disorders (15-18,30,32-34), and
chronic pain (related or not to psychiatric and neuropsychiatric disorders) (35-41).

Inclusion criteria consisted of: (a) randomized, double-blind, placebo- and active comparator-
controlled trials with at least two treatment arms; (b) trials published as full-texts in peer-
reviewed journals; (c) studies involving the oral administration of pure CBD or standardized
CBD extracts with <3% THC; (d) studies with duration of at least one week; and (e) studies with
healthy volunteers and clinical populations. Exclusion criteria consisted of: (a) observational
studies; (b) review articles; (c) case series/reports; (d) letters to the editor; and (e) conference
abstracts. The process was conducted independently by three reviewers independently (GNR,
JMR, RGS). In cases of disagreement, the reviewers discussed their reasons for inclusion or
exclusion and if a consensus was not reached, a fourth author (AWZ) was consulted to decide
for the inclusion or exclusion of the article. The following data were extracted: authors and
year of publication; study design; participants characteristics; CBD product
information/dosage; adverse effects and SAEs. We had a particular interest in identifying SAEs,
which the regulatory drug agencies consider when the patient outcome is death, life-
threatening, require hospitalization, require intervention to prevent damage, or cause
disability. In the present review, SAEs were identified if the studies’ authors considered that
they fulfilled one of these characteristics or if they led to study withdrawal.

3. Results and discussion

3.1. Summary of results

We found 18 RCTs involving a total of 1127 subjects, with duration ranging from one to 18
weeks, and CBD daily dose ranged from 20 to 1500 mg/day. Only one study was a crossover
trial, all other trials were parallel-arm studies. Four double blind RCTs (41-44) involved the
administration of CBD to healthy volunteers (n=87; CBD n=48, placebo n=39), with duration
ranging from one to four weeks, CBD daily dose ranging from 210 to 1500 mg/day. No study
had concomitant medications. Six RCTs (42,46-50) involved the administration of CBD to
epileptic patients (n=763; CBD n=464, placebo n=299), with duration ranging from three to 18
weeks, CBD daily dose ranging from 200 to 1400 mg/day. All RCTs were add-on studies with
concomitant use of antiepileptic drugs. The most frequently antiepileptic drugs administered
together with CBD were clobazam, valproate, levetiracetam, and topiramate.

Eight RCTs (51-58) involved the administration of CBD to other clinical populations (n=282; CBD
n=143, placebo n=139), with duration ranging from four to 13 weeks, and CBD daily dose
ranging from 20 to 1000 mg/day. Three of these RCTs (52,54,55) assessed the effects of CBD in
psychotic patients (n=163; CBD n=81, placebo n=63; positive comparator [amisulpride] n=19),
with duration ranging from four to six weeks. CBD daily dose ranged from 600 to 1000 mg/day
and, with the exception of the study using the positive comparator, the others were add-on
studies with concomitant use of multiple antipsychotics and other drugs. The other five RCTs
(51,53,56-58) involved the administration of CBD in Huntington’s disease, Parkinson’s disease
(add-on), type 2 diabetes (add-on), Crohn’s disease (add-on), and social anxiety disorder (SAD)
(one RCT for each clinical indication) (see Supplementary Material for detailed information on
each RCT).

CBD showed moderate/mild adverse effects in most studies. Common adverse effects included
somnolence, sedation, fatigue, dizziness, headache, diarrhea, nausea, decreased appetite,



abdominal discomfort/pain, vomiting and rash. In addition to these effects, other adverse
effects were more commonly or only reported in the RCTs involving epileptic patients:
elevated transaminases, pyrexia, upper respiratory tract infection, and convulsion (see
Supplementary Material for detailed information on each RCT).

3.2. Serious adverse effects related to cannabidiol

SAEs were reported in seven RCTs (46-50,54,55): five trials on epilepsy (all epilepsy trials) and
two trials on psychosis. No serious adverse effects were observed in the RCTs involving healthy
volunteers. A summary of the results for the 18 RCTs is shown on Tables 1-3.

The SAEs reported in the psychosis trials were sedation (one patient; 54) and gastrointestinal
disorder (one patient; 55). In one trial (54), mild sedation was more prevalent in the CBD group
(20%) compared to the placebo group (5%), and although this patient withdrew from the study
due to sedation this occurred in the initial phase of the treatment (before the 2" week of the
study) and was not classified as a SAE by the authors (we included as SAE due to patient
withdrawal). Sedation is a common effect of CBD, and although some drug-drug interactions
could be responsible for the increased sedation in this patient, it seems more likely that this
was a direct effect of CBD. Moreover, patients in this trial were using multiple drugs from
different classes (antipsychotics, antidepressants, anticholinergic, anticonvulsants/mood
stabilizers, and benzodiazepines), which makes it difficult to attribute possible interactions
with CBD to individual drugs. A similar case seems have also been reported (55), which reports
increased gastrointestinal symptoms (nausea, diarrhea, abdominal pain, and vomiting) in eight
patients in the CBD group compared to three in the placebo group. These effects caused the
withdrawal of one patient, but no SAEs were reported by the authors in the CBD group (it was
considered here as SAE due to patient withdrawal). It is also possible that these
gastrointestinal symptoms could be causes by the excipients in the CBD formulation (usually
some kind of oil), but no information on CBD’s formulation was given in any of the
CBD/psychosis trials. A summary of the results for the two RCTs involving CBD administration
to patients with psychosis is'shown on Table 3.

Regarding the five RCTs in epilepsy, all of them reported the total number of SAE, but the
number of each SAE is not clearly stated. Thus, the SAEs reported by the studies’ authors are
described without quantitative analysis. The most common SAEs were elevated transaminases
(46-49), convulsions (46,47,49,50), rash (48,49), elevated y-glutamyltransferase (48,49),
lethargy (48,49), somnolence (48), and pneumonia (49). In addition, respiratory failure,
diarrhea, vomiting, viral infection, increased concentration of antiepileptic drugs, restlessness,
hypercapnia, and hypoxia were reported in one of the RCTs (49). Constipation and worsening
of chronic cholecystitis were reported in another (48), while pyrexia was reported in another
trial (47). One trial (50) did not describe any observed SAEs. Only one death occurred due to
respiratory failure (49).

One trial did not observe serious adverse effects (42). This could be related to the lower dose
of CBD used (200-300 mg/day), or to the absence of some antiepileptic drugs present in the
other RTS, such as clobazam and valproate. As will be discussed below, these two drugs seem
to be involved in the main SAEs observed in the epilepsy trials: risk of hepatic toxicity due to
elevated transaminases (and maybe y-glutamyltransferase) in the case of valproate, and
somnolence, lethargy, pneumonia, and respiratory failure in the case of clobazam. A summary
of the results for the five RCTs involving CBD administration to patients with epilepsy is shown
on Table 2.



Figures 1 and 2 show that the SAEs were more prevalent in studies with resistant epileptic
patients and with the concomitant use of antiepileptic drugs. Studies with samples of healthy
subjects or with other disorders and use of non-antiepileptic drugs did not show SAEs with the
exception of two patients with schizophrenia who withdraw from the study, although the
authors did not consider these events as SAEs. These observations suggest an association
between SAEs and concomitant use of CBD and antiepileptic drugs.

3.3. Valproate and the risk of drug-induced liver injury (DILI)

The most common SAEs in the epilepsy RCTs was elevated transaminases (alanine
aminotransferase or aspartate aminotransferase levels >3 times the upper limit of the normal
range), which caused the withdrawal or treatment discontinuation of at least 15 patients in all
trials combined. Most of these patients (all in some trials) were using valproate, suggesting a
drug-drug interaction in which CBD could be potentiating a valproic acid—induced change in
hepatic aminotransferase levels (and possibly in y-glutamyltransferase levels). The hypothesis
of a CBD interference in the metabolism of valproate could be suggested since a secondary
metabolism route of this drug (responsible for around 10%) involves CYP2C9, which is inhibited
by CBD (59). However, there is clinical evidence that CBD had no effect on systemic levels of
valproate (24,47,60), which suggests other pharmacokinetic or a pharmacodynamic
interaction. Previous studies showed that both CBD and valproate are highly bound to plasma
proteins (59,61). Although there is no direct clinical evidence of this interaction, we can infer
that a possible interference in this protein binding could result in elevation of the free and
available portions of the drug. Future trials should assess this possibility directly.

Importantly, no cases of DILI were reported, since bilirubin levels did not reach >2 times the
upper limit of the normal range and most cases resolved while the patients continued taking
CBD, suggesting a transient metabolic stress on the liver. Thus, although there seems to be
limited risk of CBD-induce DILI, patients using CBD and valproate should have their liver
enzymes constantly monitored.

3.4. Clobazam and the risk of somnolence, lethargy, pneumonia, and respiratory failure

The most investigated pharmacokinetic interaction between CBD and an antiepileptic drug
involves its association with clobazam and its metabolite, N-desmethylclobazam (21-24,47).
Increases in N-desmethylclobazam plasma levels have been directly observed previously in
humans (21,23) and were also observed in one of the selected trials (47).

The interaction between CBD and clobazam seems to include both pharmacodynamic and
pharmacokinetic mechanisms. Preclinical evidence shows that CBD can inhibit the catalytic
activity of the cytochrome P450 (CYP) 2C19, which causes a significant increase in plasma
concentrations of N-desmethylclobazam in humans (21,23,47). Further, clobazam may inhibit
CYP2D6 and increase the levels of the CBD active metabolite 7-hydroxy-CBD, and CBD and
clobazam together could enhance GABAergic neurotransmission (22,24), although direct
evidence for these interactions is lacking.

Both CBD and clobazam can cause sedation and somnolence, and clobazam alone may also
cause lethargy, pneumonia, and respiratory failure (FDA, 2016). Indeed, there is direct
evidence that concomitant use of clobazam with opioids and other central nervous system
depressants may result in profound sedation, respiratory depression, coma, and death (FDA,
2016). Thus, concomitant use of CBD and clobazam could be related not only to a possible
increase in efficacy, but also to increased toxicity.

In one study (48), three patients in the CBD group had pneumonia alone (two were using
clobazam), two patients had pneumonia and acute respiratory failure (both using clobazam),
one patient had respiratory failure alone (using clobazam), and one patient died due to
respiratory failure (not clear if was using clobazam). Thus, in the five cases of pneumonia in the
CBD group, four patients were concomitantly using clobazam. Regarding the four cases of



respiratory failure, three were using CBD concomitantly using clobazam, and in the other case
this was not clear.

All events were considered unrelated to CBD by the authors, which suggests that these effects
could be related to increased plasma levels of N-desmethylclobazam, and thus, increased
toxicity. In another trial (50), although the authors did not give detailed information on the
SAEs observed in the trial, pneumonia was reported in 10 patients. Therefore, patients using
CBD and clobazam should be carefully monitored for increases sedation, somnolence, lethargy,
pneumonia and respiratory failure.

3.5. Cannabidiol and other serious adverse effects

Other serious adverse effects observed in the epilepsy RCTs included convulsions
(46,47,49,50), rash (47,49), diarrhea, vomiting, viral infection, increased concentration of
antiepileptic drugs, restlessness, hypercapnia, and hypoxia (49), constipation and worsening of
chronic cholecystitis (48), and pyrexia (47). It is possible that some of these effects could be
related to CBD, other antiepileptic drugs, or drug-drug interactions. Indeed, besides:inhibition
of the cytochrome P450 enzymes CYP2C19 and 3A4, in vitro studies show that CBD may inhibit
the activity of other CYPs (CYP1A1, 1A2, 1B1, 2B6, 2C6, 2C8, 2C9, 2J2, 3A5, and 3A7), uridine
5'-diphospho (UDP)-glucuronosyltransferase (UGT) enzymes (UGT1A9 and UGT2B7), and
esterases (carboxylesterase 1, CES1) (24).

However, although one study reported increases in the levels of topiramate, rufinamide,
zonisamide and eslicarbazepine when used concomitantly with CBD, these increases did not
exceed the therapeutic range of these drugs (23). Further, another study reported that plasma
levels of valproate, levetiracetam, topiramate, and stiripentol were not affected by CBD (47).
Therefore, it is not clear which of the observed SAEs are directly related to increased
concentration of antiepileptic drugs or other types of drug-drug interactions.

In the case of convulsions (including status epilepticus), it should be considered that the RCTs
involve patients with serious and sometimes devastating epileptic syndromes that are often
resistant to treatment. Therefore, the occurrence of convulsions in these trials could also
reflect the complex clinical characteristics of the sample and/or a lack of efficacy rather than a
direct effect of CBD or other antiepileptic drugs. Nonetheless, an impairment of epilepsy
control is a potential side effect for CBD and other anticonvulsant drugs and has been
considered so by several of the reviewed studies. Moreover, the plasmatic therapeutic window
of CBD in epilepsy and other disorders is not clearly defined. Clinically used anticonvulsants
such as phenytoin, for example, can impair epilepsy control at higher plasma concentrations.
Rash has been observed in RCTs involving CBD administration to healthy volunteers (44), but
not in other clinical samples not involving epilepsy (see Table 1 and 3). Thus, it is possible that
rash could be caused by CBD. Nevertheless, other antiepileptic drugs, including clobazam, may
also cause rash. Even so, the incidence of rash in one study (50) was higher in patients using
CBD with clobazam (n=9) than in patients without clobazam (n=1). However, considering that
rash was reported as a SAE in two of the epilepsy RCTs (48,49) and was associated with
withdrawal of patients, subjects taking CBD alone or concomitant with other antiepileptic
drugs (especially clobazam) for prolonged periods of time should be monitored for rash and
have dose reduction/adjustment or treatment discontinuation.

Diarrhea and vomiting were observed in healthy volunteers (43-45) and psychotic patients
(55), but not in other samples (see Table 1 and 3). Therefore, these reactions seem to be
directly related to CBD, although the possibility of drug-drug interactions (including with
clobazam, which can increase vomiting) should not be excluded.

Viral infection, hypercapnia, restlessness, and hypoxia were not observed in healthy volunteers
or other samples (see Table 1 and 3), being observed in only one study (49). Considering that
this trial reported pneumonia and respiratory failure in some patients and that these effects
could be related to a CBD-clobazam interaction, these other SAEs could represent a continuum
of effects related to decreased immunological function and increased susceptibility to upper



respiratory tract infections caused by clobazam. Pyrexia (47,50) could also be related to these
symptoms.

Constipation and worsening of chronic cholecystitis (48) could reflect gastrointestinal reactions
to CBD, since abdominal discomfort/pain was observed in healthy volunteers (43-45) and
psychotic patients (55). Indeed, in the psychosis trial one patient withdrew from the CBD group
due to nausea, diarrhea, abdominal pain, and vomiting. Nevertheless, drug-drug interactions
should not be excluded as possible explanations for these symptoms.

Finally, it is also important to consider the vehicle of CBD preparations (e.g., sesame oil, corn
oil, olive oil, excipients), which could also work in parallel with antiepileptic drugs to induce
possible drug-drug interactions (23).

4. Expert opinion

The medical use of CBD and other cannabinoids is increasing, but this is not followed by a
similar increase in controlled studies assessing safety and efficacy. Most RCTs, systematic
reviews and meta-analysis show that the adverse effects of products containing CBD.are
generally mild-to-moderate, with rare cases of SAEs leading to study withdrawal. These
observations are in line with the findings of the present review, where we systematically
analyzed all RCTs (n=18) involving the administration of CBD for atleast one week to both
healthy volunteers and clinical samples.

No SAEs were observed in the studies with healthy volunteers, which corroborates previous
studies and reviews. No such effects were observed in patients with Huntington’s disease,
Parkinson’s disease, type 2 diabetes, Crohn’s disease, and social anxiety disorder, even
considering that in some of these studies patients were taking other medications.

In the case of the studies with psychosis, the observed effects (sedation and gastrointestinal
discomfort) led to study withdrawal of two patients and could be attributed to CBD since both
effects have been observed in studies with healthy volunteers. However, drug-drug interaction
should not be excluded as a possible explanation, especially in relation to sedation, observed
with several antipsychotics.

The higher incidence of SAEs wasobserved in the RCTs with epilepsy. Severe somnolence,
lethargy, increases in hepatic transaminases, rash, and pneumonia accompanied or not with
respiratory failure are some of the most relevant effects observed. Importantly, these effects
seem to be related to drug-drug interactions, especially with valproate in the case of increases
in hepatic transaminases and with clobazam in the case of somnolence, lethargy, rash, and
pneumonia accompanied with respiratory failure.

It is still unclear if the exact mechanism of the interaction between CBD and valproate is
associated with some pharmacokinetic or pharmacodynamic interaction between the two
drugs. However, the fact that most hepatic transaminase changes observed have occurred
with this association suggests caution. Importantly, it must also be considered that elevated
transaminase is a symptom of liver damage, not the proximal cause. Therefore, more clinical
studies are needed to elucidate this association. The mechanisms of interaction between CBD
and clobazam are better known, involving the inhibition of cytochromes P450 and elevated
plasma levels of these compounds and their metabolites. Moreover, a pharmacodynamic
interaction could occur since CBD and clobazam enhance GABAergic neurotransmission.
Several of these events led to patient withdrawal, although they occurred in a minority of
patients (~20 patients in the five RCTs). However, considering their morbidity and the already
delicate health of many of the epileptic patients, researchers and health professionals should
monitor epileptic patients using CBD concomitant with valproate and clobazam, with attention
in the plasma level of drugs and symptoms of the patients. Patients using clobazam should be
especially careful when they experience somnolence or lethargy, which usually precede more
severe conditions such as pneumonia and respiratory failure.

Regarding other medications, more studies are necessary to investigate their possible
interactions with CBD and other cannabinoids. This is especially relevant in the case of



antiepileptic drugs, since preclinical and preliminary human studies have reported evidence of
pharmacokinetic and/or pharmacodynamic interactions with CBD.
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Figure legends

Figure 1. Proportion of serious adverse effects (SAEs) related to cannabidiol (CBD) use in
different samples.

Figure 2. Proportion of serious adverse effects (SAEs) related to cannabidiol (CBD) use with
different drugs.



Table 1. Summary of the randomized controlled trials (RCTs) with canabidiol (CBD) in healthy volunteers.

Reference

Sample

Treatment

Main Safety Outcomes

Severe or Serious Adverse Effects

in CBD group

Concomitant
Medications

Number Reported by
the authors
Cunha et | 16 healthy adults | 3 mg/kg/day oral CBD 30 days Neurological and clinical 0 None None
al. 1980 (n=8) or placebo (n=8) examination, EEG, ECG,
(42) blood and urine analysis,
self-report
Plant-derived
formulation of CBD in
crystalline form (Makor
Chemicals, Jerusalem)
administered in gelatin
capsules + CBD isolated
from hashish
administered in gelatin
capsules
Taylor et | 24 healthy adults | 750 oral CBD (n=9) or 1 week Neurological and clinical 0 None None
al. 2018 1500 mg (n=9) or examination, EEG, ECG,
43) placebo (n=6; 3 per CBD blood and urine analysis,
dose group) sleep, suicidality,




Taylor et
al. 2020
(44)

30 healthy adults
in part 1 (open-
label) and 21 in
part 2 (double-
bind)

Part 1 — 750 mg oral
CBD twice daily (1500
mg/day); Part 2 — CBD
(n=9) or placebo (n=12)

Plant-derived
pharmaceutical
formulation of purified
CBD (GW
Pharmaceuticals, Unite

Kingdom) adminis
in oral solution -
approved: Epidiolex®)

Part 1 — 28
days

Part2 -2
weeks

&
&

)

Clinic tory tests,
vital signs, ECG,

physical examinations,
leep, suicidality,

pression, withdrawal
symptoms

None

None




CBD, cannabidiol; ECG, electrocardiogram; EEG, electroencephalography; FDA, Food and Drug Administrati



Table 2. Summary of the randomized controlled trials (RCTs) with canabidiol (CBD) in epileptic patients.

Reference

Sample

Treatment

Main Safety
Outcomes

Serious Adverse Effects in CBD group

Concomitant
Medications

Number Reported by the
authors
Cunha et | 15 adults with Add-on 200-300 mg/day | 8—18 weeks Neurological and 0 None Comital,
al. 1980 secondary oral CBD (n=8) or clinical examination, gardenal,
42) generalized placebo (n=7) for 8-18 EEG, ECG, blood hidantal,
epilepsy with weeks and urine analysis, primidona,
temporal lobe self-report clonazepam,
focus fenobarbital,
unresponsive to Plant-derived tegretol, mysoline
anti-epileptic formulation of CBD in
drugs crystalline form (Makor
Chemicals, Jerusalem)
administered in gelatin
capsules + CBD isolated
from hashish
administered in gelatin
capsules
Devinsky | 120 children and | Add-on 20 mg/kg/day 14 weeks (2 Clinical 10 - Status epilepticus Clobazam,
et al. 2017 | young adults with | oral CBD (n=61) or weeks of dose | examination, vital valproate,
(46) Dravet syndrome | placebo (n=59) for 14 escalation and | signs, ECG, - Elevated stiripentol,
(drug-resistant 12 weeks of suicidality, levetiracetam,




Devinsky
et al.
2018a
47)

34 with Dravet
syndrome

Add-on 5, 10, or 20
mg/kg/day oral CBD
(n=8-10 per dose) or
placebo (n=7)

Plant-derived
pharmaceutical
formulation of purifi C
CBD (GW
Pharmaceuticals,?h‘e' d
Kingdom) administered

in oral solution (FDA-
approved: Epidiolex®)

3 weeks

xamination, vital
<ans, ECG,
suicidality,

laboratory
assessments
(hematology,
biochemistry, and
urinalysis)

- Pyrexia
- Rash
- Convulsion

- Elevated
transaminases

Clobazam,
valproate,
stiripentol,
levitiracetam,
topiramate




Devinsky | 225 patients with | Add-on 10 (n=73) or 20 | 14 weeks (2 Clinical 26 - Elevated Clobazam,
et al. Lennox—Gastaut | (n=76) mg/kg/day oral weeks of dose | examination, vital transaminases valproate,
2018b syndrome CBD or placebo (n=76) | escalation and | signs, ECG, levetiracetam,
(48) 12 weeks of suicidality, - Elevated y- lamotrigine,
glutamyltransferase .
dose laboratory rufinamide
Plant-derived maintenance) assessments - Somnolence
pharmaceutical (hematology, .
formulation of purified biochemistry, and - Increased seizures
CBD (GW urinalysis) - Nonconvulsive
Pharmaceuticals, United status epilepticus
Kingdom) administered
in oral solution (FDA- - Lelin gy
approved: Epidiolex®) - Constipation
- Worsening chronic
cholecystitis
Thiele et | 171 patients with | Add-on 20 mg/kg/day 14 weeks (2 Clinical 20 - Elevated Clobazam,
al. 2018 Lennox—Gastaut | oral CBD (n=86) or weeks of dose | examination, vital transaminases valproic acid,
49) syndrome placebo (n=85) for 14 escalation and | signs, ECG, lamotrigine,
weeks (2 weeks of dose 12 weeks of suicidality, - Elevated y- levetiracetam,
escalation and 12 weeks | dose laboratory glutamyltransferase rufinamide
of dose maintenance) maintenance) assessments - Convulsion




(hematology, - Rash
) biochemistry, and
Plant-derived . . - Lethargy
] urinalysis)
pharmaceutical p )
formulation of purified - rnedmoma
CBD (GW - Respiratory failure
Pharmaceuticals, United (1 death)
Kingdom) administered .
in oral solution (FDA- - Diarrhea
approved: Epidiolex®) - Vomiting
- Viral infection
- Increased
concentration of
AED
- Restlessness
- Hypercapnia
- Hypoxia
Miller et | 198 patients with | Add-on 10 mg/kg/day 14 weeks (2 Clinical 30 Not reported Valproate,
al., 2020 Dravet syndrome | oral CBD (n=66), 20 weeks of dose | examination, clobazam,
(50) mg/kg/day oral CBD escalation and | laboratory stiripentol,
(n=67) or placebo (n=65) | 12 weeks of assessments levetiracetam,
dose (hematology, topiramate,
biochemistry, and felbamate,




AED, antiepileptic drug; CBD, cannabidiol; DILI, drug-induced liver injury; ECG, electrocardiogram; EEG, electr halography; FDA, Food and Drug
Administration; HDL, high-density lipoprotein; N-CLB, N-desmethylclobazam; NIDA, National Institute on DrQbus .
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Table 3. Summary of the randomized controlled trials (RCTs) with canabidiol (CBD) in other clinical samples.

Reference Sample Treatment Main Safety Serious Adverse Effects in CBD group Concomitant
Outcomes Medications
Number Reported by the
authors

Consroe et | 15 neuroleptic- 10 mg/kg/day oral 6 weeks BP/HR, blood and 0 None None
al. 1991 free adults with CBD (n=8) or placebo urine analysis,
(51) Huntington’s (n=7) prolactin

disease
Leweke et | 39 adults with 800 mg/day oral CBD | 4 weeks Extrapyramidal 0 None Lorazepam
al, 2012 schizophrenia or | (n=20) or amisulpride symptoms, serum
(52) schizophreniform | (n=19) prolactin, body

psychosis weight, ECG,

hepatic function,
blood parameters

Chagas et | 21 adults with Add-on 75 (n=7) or 6 weeks Self-report (psychic, 0 None Typical
al., 2014 Parkinson’s 300 (n=7) mg/day oral neurologic, antiparkinsonian drugs
(33) disease without CBD or placebo (n=7) autonomic and other

dementia or manifestations)

comorbid

psychiatric




McGuire et
al. 2018
(55)

conditions

88 adults with
chronic
schizophrenia

Add-on 1000 mg/day
oral CBD (n=43) or
placebo (n=45)

6 weeks

xtrapyramidal

i’
symptoms, body

weight, ECG, waist
circumference,
hepatic function,
prolactin,
inflammatory
markers, HDL
cholesterol

- Gastrointestinal
disorder (nausea,
diarrhea,
abdominal pain,
and vomiting)

Aripiprazole,
olanzapine,
risperidone,
amisulpride,
quetiapine,
flupentixol, clozapine,
zuclopentixol acetate,
paliperidone,
ziprasidone




Jadoon et | 27 subjects with | Add-on 100 mg oral 13 weeks Vital signs, ECG, None Metformin,
al. 2016 noninsulin-treated | CBD twice daily anxiety, depression sulfonylureas,
(56) type 2 diabetes (n=13) or placebo dipeptidyl, peptidase-
(n=14) 4 inhibitors, statins
Naftali et 19 treatment- Add-on 10 mg oral 8 weeks Self-report, blood None 5-ASA drugs,
al. 2017 resistant patients | CBD twice daily count, liver and steroids,
(37) with Crohn’s (n=10) or placebo kidney function, immunomodulators,
disease (n=9) CRP methotrexate, TNF
antagonists
Masataka, @ 37 young adults 300 mg oral CBD 4 weeks Self-report None None
2019 (58) with SAD (n=17) or placebo

(n=20) daily for 4
weeks

BP/HR, blood pressure/heart rate; CBD, cannabidiol; CRP, C-reactive protein; ECG, electrocardiogram; HDL, high-density lipoprotein; NIDA, National Institute on Drug
Abuse; RCT, randomized clinical trial; SAD, social anxiety disorder; THC, tetrahydrocannabinol; TNF, tumor necrosis factor; 5-ASA, 5-aminosalicylic acid.
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