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Abstract

The pharmacokinetics and safety of a single oral dose of 200-mg plant-derived pharmaceutical formulation of highly purified cannabidiol (CBD) in
oral solution (Epidiolex in the United States; 100 mg/mL) were assessed in subjects with mild to severe hepatic impairment (n = 8 each for mild and
moderate, n = 6 for severe) relative to matched subjects with normal hepatic function (n = 8). Blood samples were collected until 48 hours after
dosing and evaluated by liquid chromatography and tandem mass spectrometry. Pharmacokinetic parameters (primarily maximum measured plasma
concentration, area under the plasma concentration–time curve from time zero to time t, area under the concentration-time curve from time zero to
infinity,time to maximum plasma concentration,and terminal half-life) of CBD and its major metabolites were derived using non-compartmental analysis.
CBD was rapidly absorbed in all groups independent of hepatic function (median time to maximum plasma concentration, 2-2.8 hours). Exposure (area
under the concentration–time curve from time zero to infinity) to total CBD slightly increased in subjects with mild hepatic impairment (geometric
mean ratio [GMR],1.48;90% confidence interval [CI],0.90-2.41).However,there were clinically relevant increases in subjects with moderate (GMR,2.45;
90%CI,1.50-4.01) and severe (GMR,5.15;90%CI,2.94-9.00) hepatic impairment, relative to subjects with normal hepatic function.Exposure to the CBD
metabolites (6-hydroxy-CBD and 7-hydroxy-CBD) also increased in subjects with moderate and severe hepatic impairment, but to a lesser extent
than the parent drug. The 7-carboxy-CBD metabolite exposure was lower in subjects with severe hepatic impairment when compared with subjects
with normal liver function. These findings indicate that dose modification is necessary in patients with moderate and severe hepatic impairment, and
a lower starting dose and slower titration are necessary based on benefit-risk. CBD was well tolerated, and there were no serious adverse events
reported during the trial.
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The efficacy of highly purified cannabidiol (CBD)
(approved as Epidiolex in the United States) in patients
with Lennox-Gastaut syndrome or Dravet syndrome
has been demonstrated in randomized controlled tri-
als with an acceptable safety profile.1–5 Based on re-
cent nonclinical scientific literature, it is likely that
the cumulative anticonvulsant effect is regulated via
at least 3 targets: modulation of intracellular Ca2+

via G protein–coupled receptor 55, desensitization of
transient receptor potential vanilloid type I channels,
and inhibition of adenosine reuptake.6–8 Importantly,
because there is limited or no interaction with the
cannabinoid receptors, CB1 and CB2, CBD is not
associated with detectable euphoric effects linked to
propensity for abuse.9

CBD is highly lipophilic, subject to considerable
first-pass metabolism, and extensively metabolized by
the liver, while a large proportion (33%) is excreted
unchanged in the feces.10 CBD is metabolized to form
monohydroxylated andmonocarboxylatedmetabolites,
predominantly 7-carboxy-cannabidiol (7-COOH-
CBD) and 7-hydroxy-cannabidiol (7-OH-CBD), and a

minor metabolite, 6-hydroxy-cannabidiol (6-OH-
CBD).11–13 Cytochrome P450 (CYP) isoenzymes
CYP2C19 and CYP3A4 are implicated in CBD bio-
transformation, and various other metabolic pathways
are available including other CYP-mediated pathways
(1A2, 2D6, and 2C914) and direct conjugations via
uridine 5′-diphospho-glucuronosyltransferase (UGT)
enzymes such as UGT1A7, UGT1A9, and UGT2B7.15

Of the major metabolites of CBD identified in
humans, 7-OH-CBD has been shown to be ac-
tive in the nonclinical maximal electroshock seizure
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threshold test in mice, whereas the most abun-
dant metabolite, 7-COOH-CBD, is inactive in the
same model at the concentrations tested.16 Given
the extensive biotransformation by hepatic first-pass
metabolism, it is possible that patients with hepatic
impairment who receive CBD may be at risk of drug
accumulation or, less often, failure to form an active
metabolite.17,18 There are no previously published stud-
ies investigating the pharmacokinetics (PK) of this
formulation of CBD in subjects with hepatic impair-
ment. This trial aimed to assess the effect of hepatic
impairment on the systemic exposure to a single dose
of CBD.

Methods
Trial Design
All relevant trial-related documents, including the pro-
tocol, were reviewed by 3 independent ethics commit-
tees, and approval for the trial was granted in Slovakia
on September 25, 2015; in the Czech Republic on July
8, 2015; and in Hungary on August 19, 2015. All
subjects provided written informed consent for partic-
ipation in the trial, which was performed in full con-
formity with the current Declaration of Helsinki,19 the
International Conference on Harmonisation guidelines
for Good Clinical Practice,20 and all other applicable
regulations. The trial was performed between Septem-
ber 14, 2015, and July 4, 2016, at 3 Pharmaceutical
Research Associates (PRA) sites specializing in clinical
pharmacology trials (1 each in Hungary, the Czech
Republic, and Slovakia). The trial was performed con-
sidering the US Food and Drug Administration and
European Medicines Agency recommendations for the
evaluation of PK in subjects with impaired hepatic
function.17,18

The trial consisted of a screening period (days – 28
to –2), a treatment period (hospitalization from day –1
until day 3), and a follow-up visit (day 14 [±2 days]).
Child-Pugh assessment for subjects with hepatic im-
pairment was performed during screening. During the
in-house treatment period, baseline assessments were
performed on day –1 (after an overnight fast of at least
8 hours). On the morning of day 1, subjects received
a standardized low-protein breakfast 2 hours before
administration of a single oral 200-mg dose of a phar-
maceutical formulation of highly purified CBD derived
from Cannabis sativa L. plant in oral solution (100
mg/mL; Epidiolex in the United States; GW Research
Ltd, Cambridge, United Kingdom). Observations were
made until subjects were released from the clinical
research unit, following 48-hour postdose assessments
on day 3. A follow-up visit was performed on day 14
(±2 days). Fluid intake was prohibited during fasting
only (2 hours before dosing and 4 hours after dosing).

Table 1. Child-Pugh Classification

Assessment Degree of Abnormality Score

Encephalopathy None
Moderate
Severe

1
2
3

Ascites Absent
Slight

Moderate

1
2
3

Bilirubin (mg/dL) <2
2.1-3
>3

1
2
3

Albumin (g/dL) >3.5
2.8-3.5
<2.8

1
2
3

Prothrombin time (INR) <1.7
1.7-2.3
>2.3

1
2
3

Total score Group Severity
5-6 A Mild
7-9 B Moderate
10-15 C Severe

INR, international normalized ratio.

Inclusion and Exclusion Criteria

Trial Population. The inclusion criteria specified that
the trial population consisted of male and female
subjects (age, 18-75 years; body mass index [BMI],
18-35 kg/m2) with mild, moderate, or severe hepatic
impairment, as defined by Child-Pugh score (Table 1)
and subjects with normal hepatic function (matched to
subjects with hepatic impairment with respect to sex,
age, and BMI [extremes covered as far as possible]).

Female subjects of childbearing potential were non-
pregnant and nonlactating at screening. Male and fe-
male subjects agreed to use effective contraception for
the duration of the trial and for 3 months and 30 days
thereafter, respectively. Subjects with impaired hepatic
function were deemed to have stable disease status, as
judged by the investigator. At screening and baseline,
platelet counts were>50 × 109/L for subjects withmild
andmoderate hepatic impairment and>30 × 109/L for
subjects with severe hepatic impairment.

Trial Assessments

Materials. As �9-tetrahydrocannabinol (THC) is
present as a trace impurity in the CBD formulation
under development, plasma concentrations
of THC and its metabolites, 11-hydroxy-�9-
tetrahydrocannabinol (11-OH-THC) and 11-
nor-9-carboxy- �9-tetrahydrocannabinol (11-
COOH-THC), were also determined. Reference
and internal standards for 6-OH-CBD, 7-OH-CBD, 7-
COOH-CBD, THC, 11-OH-THC, and 11-COOH-
THC bioanalysis were supplied by GW Pharma Ltd
(Cambridge, United Kingdom), Cerilliant (Round
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Rock, Texas) or BDG Synthesis (Wellington, New
Zealand).

Plasma Sample Preparation. Total (bound and un-
bound) CBD and metabolite samples were extracted
from whole plasma samples by protein precipitation
with isopropyl alcohol and acetonitrile. THC and
metabolite samples were extracted by liquid-liquid ex-
traction. Ultracentrifugation (238,859 gmax, 20 hours,
37°C) was applied to aliquots of each plasma sam-
ple prior to protein precipitation step to separate the
plasma proteins and generate protein-free samples. Al-
though this approach was employed, the process and
stability of the free fraction (ultracentrifugate) was not
supported during bioanalytical method validation and
therefore the data are not presented in this paper.

Bioanalysis and PK Assessment. Validated liquid
chromatographic-tandem mass spectrometric
bioanalytical methods were used to quantify
concentrations of CBD, THC, and their metabolites, 6-
OH-CBD, 7-OH-CBD, 7-COOH-CBD, 11-OH-THC,
and 11-COOH-THC, in human plasma. The assay
ranges were 2.00 to 10 000 ng/mL for CBD, 0.250 to
250 ng/mL for 6-OH-CBD, 0.250 to 1250 ng/mL for
7-OH-CBD, and 0.250 to 20 000 ng/mL for 7-COOH-
CBD. Calibration standards were between 0.125 to
62.5 ng/mL for THC, and 0.250 to 125 ng/mL for
11-OH-THC and 11-COOH-THC.

The precision (coefficient of variation) and accuracy
(relative error/mean % different) of the high-
performance liquid chromatography method was
acceptable for all analytes (�15% [20% at the lower
limit of quantification (LLOQ)]). Recovery was >90%
for CBD, 6-OH-CBD, 7-OH-CBD, and 7-COOH-
CBD and considered acceptable. The recovery of THC,
11-OH-THC, and 11-COOH-THC was considered
adequate (56.3% to 124%).

At the times specified below, 6-mL blood samples
were taken from subjects via an indwelling intravenous
catheter or direct venipuncture into lithium heparin
vacutainers; blood samples were then centrifuged for
10 minutes at ambient temperature. The resultant
plasma was stored upright in a freezer at −80°C.

Blood samples for PK analysis were taken at the
following time points: before dosing, then at 0.25, 0.5,
0.75, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 7, 8, 9, 10, 12, 24, 36, and
48 hours after dosing.

PK parameters were determined from total (ie,
bound and unbound) plasma concentrations of ana-
lytes, by noncompartmental analysis using WinNonlin
version 6.3 (Pharsight Inc., Princeton, New Jersey).
PK parameters evaluated included maximum mea-
sured plasma concentration (Cmax), area under the
concentration-time curve from time zero to infinity

(AUC0-�), area under the plasma concentration–time
curve from time zero to time t (AUC0-t), terminal (elim-
ination) half-life (t½), time to maximum plasma con-
centration (tmax), oral clearance of drug from plasma,
apparent volume of distribution, rate constant of the
terminal phase, and percentage of estimated part for
the calculation of AUC0-� ([AUC0-� minus AUC0-t] /
AUC0-�) × 100 (%AUCextra).

Safety Assessments. The safety and tolerability of
CBD were evaluated by recording the incidence of
adverse events (AEs) throughout the trial, and the
review of clinical laboratory tests, vital signs, 12-lead
electrocardiogram (ECG), and physical examinations.

Statistical Analysis
The primary objective of the trial was to assess the
PK of CBD and its major metabolites in subjects
with impaired hepatic function compared with subjects
with normal hepatic function. Secondary objectives
were to evaluate the safety and tolerability of CBD in
the same population. Descriptive statistics of subject
demographics and safety outcomes were based on the
safety analysis set (all subjects who received CBD).

The PK parameters of CBD, THC, and their
metabolites were calculated for the PK analysis set (all
subjects who received CBD, had no major protocol
deviations, and had evaluable PK assessments), using
Phoenix WinNonlin version 6.3. Noncompartmental
methods were used to estimate PK parameters for all
analytes with sufficient data above LLOQ from the
concentration-time profiles for individuals in the PK
analysis set. At least 3 data points (not including Cmax)
were required to calculate first-order rate constant for
elimination of drug and percent extrapolation of �30%
was required to retain AUC0-� and t½; subjects who
did not satisfy this criterion were excluded from the
analysis. Analysis of variance was used to compare
primary PK parameters (Cmax, AUC0-�, AUC0-t, t½,
and tmax) between the control group (normal hepatic
function) and each of the groups with hepatic impair-
ment. PK values were log-transformed before analysis.
Covariates included sex, age, and BMI, if statistically
significant. Geometric least squares means were used
to calculate the ratio of primary PK parameters in
each hepatic impairment group to those in the control
group, together with 90% confidence intervals (CIs). A
Wilcoxon rank-sum test was used for comparison of the
tmax values between the control and hepatic impairment
groups; estimates of median of the differences were
determined along with 90%CIs.

The relationship between log-transformed primary
PK parameters and continuous variables contribut-
ing to the Child-Pugh score (baseline values for
serum albumin and bilirubin concentrations and
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Table 2. Demographics and Baseline Characteristics: Safety Analysis Set

Demographic

Mild
Hepatic

Impairment
(N = 8)

Moderate
Hepatic

Impairment
(N = 8)

Severe
Hepatic

Impairment
(N = 6)

Normal
Hepatic
Function
(N = 8)

Number of subjects (%)
Sex
Male 4 (50.0) 5 (62.5) 3 (50.0) 4 (50.0)
Female 4 (50.0) 3 (37.5) 3 (50.0) 4 (50.0)

Race
White 8 (100) 8 (100) 6 (100) 8 (100)

Mean (standard deviation)
Age (years) 57.5 (8.1) 55.6 (11.1) 52.7 (6.9) 55.0 (10.0)
Weight (kg) 76.1 (23.5) 85.2 (15.8) 89.0 (18.7) 89.4 (11.6)
Height (cm) 170.5 (9.6) 169.5 (11.9) 171.8 (10.8) 174.1 (5.9)
BMI (kg/m2) 25.8 (5.7) 29.6 (3.8) 30.0 (4.7) 29.4 (3.2)

BMI, body mass index; N, number of subjects exposed.

prothrombin time) were explored by linear regression.
Secondary PK parameters and safety data were ana-
lyzed descriptively.

Sample Size. The planned sample size was 8 subjects
per group, based on practical considerations and guid-
ance from the US Food and Drug Administration and
European Medicines Agency.17,18

Results
Subject Demographics
A total of 30 subjects were enrolled into 1 of 4 subject
groups (mild [n = 8], moderate [n = 8], or severe [n = 6]
hepatic impairment or normal hepatic function [n= 8]).
All 30 subjects completed the trial without any major
protocol deviations and were included in the safety and
PK analysis sets.

All subjects enrolled were white. In the mild and se-
vere hepatic impairment groups and the normal hepatic
function group, there were equal numbers of men and
women. In the moderate hepatic impairment group,
there were marginally more male (n = 5) than female
(n = 3) subjects; other baseline characteristics (age,
weight, height, and BMI) were similar across treatment
groups. Mean age across the groups ranged from 52.7
to 57.5 years, and mean BMI ranged from 25.8 to
30.0 kg/m2 (Table 2).

All subjects with hepatic impairment (except 1 sub-
ject with mild hepatic impairment) took at least
1 concomitant medication during the trial. The most
common classes of concomitant medications taken
throughout the trial were beta-blocking agents, diuret-
ics, and drugs for acid-related disorders.

Pharmacokinetics
Systemic exposure to intact CBDwas more rapid in the
moderate and severe hepatic impairment groups com-

pared with the mild hepatic impairment and normal
hepatic function groups (Figure 1). However, statistical
analysis demonstrated that there was no effect on tmax,
with a median CBD tmax of 2 to 2.8 hours independent
of hepatic status (Tables 3 and 4). The same trend was
seen for the CBD metabolites.

Geometric mean Cmax was 233 ng/mL for mild,
354 ng/mL for moderate, and 381 ng/mL for severe
hepatic impairment versus 148 ng/mL for subjects with
normal hepatic function (Table 3). Other exposure
parameters (AUC0-t and AUC0-�) also showed that
total plasma CBD increased with severity of hepatic
impairment. Respective geometric mean AUC0-t and
AUC0-� were 648 and 699 ng·h/mL for subjects with
mild, 1054 and 1163 ng·h/mL for subjects with moder-
ate, and 1855 and 2439 ng·h/mL for subjects with severe
hepatic impairment versus 449 and 474 ng·h/mL for
subjects with normal hepatic function. Statistical anal-
ysis showed AUC0-� was increased slightly in subjects
with mild hepatic impairment compared with those
with normal hepatic function (geometric mean ratio
[GMR, 1.48; 90%CI 0.90-2.41]), and significantly in-
creased in subjects with moderate (GMR, 2.45; 90%CI,
1.50-4.01) or severe (GMR, 5.15; 90%CI, 2.94-9.00)
hepatic impairment relative to subjects with normal
hepatic function (Table 4). Exposure to 6-OH-CBDand
7-OH-CBD also increased in moderate and subjects
with severe hepatic impairment, but to a lesser extent
than the parent drug (Tables 3 and 4).

7-COOH-CBD was the most abundant circulating
product in plasma, followed by CBD, 7-OH-CBD, then
6-OH-CBD (Figure 1). In contrast to CBD, 7-COOH-
CBD exposure was lowest in subjects with severe hep-
atic impairment (Table 3).

Arithmetic mean CBD t½ increased by 1.83-, 2.39-
and 2.57-fold in the mild, moderate and severe hepatic
impairment groups, respectively, compared with the
normal hepatic function group (Table 3).

Apparent clearance of CBD reduced in all hepatic
impairment groups relative to subjects with normal
hepatic function (normal hepatic function: 422.23 L/h;
mild, moderate, and severe hepatic impairment: 285.93,
172.01, and 82.02 L/h, respectively [Table 3]); the sta-
tistical analysis revealed an important effect on plasma
clearance in moderate and severe hepatic impairment
subjects (Table 4). There was no clear trend in apparent
volume of distribution relating to hepatic impairment
status (range across groups, 2437-5302 L).

Total subject variability in PK parameters was mod-
erate to high during the trial.

Plasma concentrations of THC were below the
LLOQ at all time points for most subjects in all
groups. 11-COOH-THC was detectable in most sub-
jects in all groups until 12 hours after dosing (data not
shown).
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Figure 1. Arithmetic mean (± standard deviation) plasma concentration–time profiles for cannabidiol (CBD),6-OH-CBD,7-OH-CBD,and 7-COOH-
CBD after a single oral 200 mg CBD dose, by hepatic function group (semilogarithmic); pharmacokinetic analysis set.
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Table 3. PK Parameters for Total CBD, 6-OH-CBD, 7-OH-CBD, and 7-COOH-CBD Following a Single Oral 200 mg CBD Dose: PK Analysis Set

Geometric Mean (Geometric CV%)a

Parameter

Mild Hepatic
Impairment
(N = 8)

Moderate Hepatic
Impairment
(N = 8)

Severe Hepatic
Impairment
(N = 6)

Normal Hepatic
Function
(N = 8)

CBD
Cmax (ng/mL) 233 (70.5) 354 (42.3) 381 (52.2) 148 (65.0)
AUC0-� (ng·h/mL)b 699 (44.2) 1163 (39.9) 2439 (29.5)d 474 (73.8)
AUC0-t (ng·h/mL) 648 (44.2) 1054 (38.9) 1855 (52.0) 449 (73.5)
tmax 2.8 (1.5-5.0) 2.0 (1.5-3.0) 2.5 (2.0-5.0) 2.3 (1.5-5.0)
t½ (h)c 15.7 (58.3) 20.5 (39.2) 22.1 (44.9)d 8.58 (68.4)
CL/F (L/h) 286 (44.2) 172 (39.9) 82.0 (29.5)d 422 (73.8)
Vz/F (L) 5302 (60.1) 4668 (40.1) 2437 (70.5)d 4105 (37.5)

6-OH-CBD
Cmax (ng/mL) 5.78 (70.7) 7.56 (37.5) 5.35 (50.5) 3.19 (63.6)
AUC0-� (ng·h/mL)b 59.6 (14.7)e 67.6 (16.2)f 65.8 (39.1)e 24.8 (71.5)e

AUC0-t (ng·h/mL) 29.4 (89.5) 52.3 (35.1) 51.2 (51.9) 15.4 (116)
tmax 2.5 (1.0-5.0) 1.5 (1.5-3.0) 2.0 (1.0-5.0) 2.5 (0.7-6.0)
t½ (h)c 17.5 (15.0)e 20.8 (20.7)f 20.3 (17.7)e 13.2 (66.9)e

7-OH-CBD
Cmax (ng/mL) 54.9 (121) 76.4 (58.1) 45.5 (45.5) 41.8 (60.2)
AUC0-� (ng·h/mL)b 331 (95.7) 612 (42.1)d 694 (47.6)g 301(43.8)
AUC0-t (ng·h/mL) 305 (93.0) 525 (35.2) 532 (46.2) 277 (40.7)
tmax 3.5 (1.5-5.0) 2.0 (1.5-4.0) 3.5 (2.1-5.0) 2.8 (1.5-6.0)
t½ (h)c 14.8 (18.0) 15.6 (25.8)d 21.7 (21.7)g 13.3 (19.8)

7-COOH-CBD
Cmax (ng/mL) 706 (113.3) 804 (70.6) 221 (51.1) 823 (45.6)
AUC0-� (ng·h/mL)b 14075 (114)h 28273 (6.80)h NCi 16239 (46.4)g

AUC0-t (ng·h/mL) 14105 (102) 18789 (63.7) 7226 (45.6) 14910 (45.8)
tmax 3.5 (2.5-6.0) 2.8 (2.4-5.0) 4.0 (2.5-23.2) 4.5 (2.1-5.0)
t½ (h)c 21.8 (18.2)h 22.8 (3.13) NCi 19.8 (16.2)g

6-OH-CBD, 6-hydroxy-cannabidiol; 7-COOH-CBD, 7-carboxy-cannabidiol; 7-OH-CBD, 7-hydroxy-cannabidiol; AUC0-� , area under the plasma concentration–
time curve from time zero to infinity;AUC0-t, area under the plasma concentration–time curve from time zero to time t;CBD,cannabidiol;CL/F,oral clearance of
drug from plasma;Cmax,maximum measured plasma concentration;CV%, coefficient of variation;N, number of subjects exposed;NC, not calculable; t½, terminal
(elimination) half-life; tmax, time to maximum plasma concentration; PK, pharmacokinetic; Vz/F, apparent volume of distribution.
aExcept for tmax where median and range are presented, and t½ where arithmetic mean and CV% are presented.
bPercent extrapolation �30% was required to retain AUC0-�; subjects that did not satisfy this criterion were excluded from the analysis.
cPercent extrapolation �30% and r2 >0.80 was required to retain t½; subjects that did not satisfy these criteria were excluded from the analysis.
dn = 5.
en = 4.
fn = 3.
gn = 6.
hn = 2.
in = 0.

Unbound Fraction of CBD
There was a trend to an increase in the unbound
fraction of CBD by severity of hepatic impairment
(4.88%, 9.42%, and 11.69% of CBD was unbound
in the mild, moderate, and severe hepatic impairment
groups, respectively, and 6.98% in the normal hepatic
function group), and to a lesser extent the metabolites.
However, data could only be considered qualitative due
to bioanalytical challenges (the process and stability of
the free fraction was not supported during bioanalyt-
ical method validation), and therefore only total drug
(bound and unbound) PK parameters are presented in
this paper. Overall, the unbound concentrations tended
to reflect the effects of hepatic function that were
observed for total drug in plasma.

Safety
A single oral 200-mg dose of CBD was well tolerated
across all groups. All treatment-emergent AEs were
mild in severity (see summary of AEs in Table 5). There
were no serious AEs, deaths, or early withdrawals due
to AEs. One (12.5%) subject each from the mild and
moderate hepatic impairment groups reported �1 AE
in the trial. Diarrhea was the only AE considered to be
treatment related by the investigator and reported by
1 subject. There was no increase in AE frequency or
severity with increasing degrees of hepatic impairment.

No subjects in the normal hepatic function group
had a clinically significant laboratory value during
the trial. Seven (87.5%) subjects in the mild hep-
atic impairment group and all (100%) subjects in the
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Table 4. CBD,6-OH-CBD,7-OH-CBD,and 7-COOH-CBD Comparing PK Parameters Between Hepatic Impairment Groups and the Normal Hepatic
Function Group: PK Analysis Set

Ratio of Geometric Least Squares Means (90%CI)

Comparison Cmax (ng/mL) AUC0-� (ng·h/mL) AUC0-t (ng·h/mL) CL/F (L/h) tmax
a (h)

CBD
Mild/Normal 1.57 (0.90 to 2.75) 1.48 (0.90 to 2.41) 1.44 (0.86 to 2.41) 0.68 (0.41 to 1.11) 0.23 (–0.55 to 1.00)
Moderate/Normal 2.39 (1.37 to 4.18) 2.45 (1.50 to 4.01) 2.35 (1.41 to 3.92) 0.41 (0.25 to 0.67) –0.52 (–2.03 to 0.02)
Severe/Normal 2.57 (1.41 to 4.70) 5.15 (2.94 to 9.00) 4.13 (2.38 to 7.18) 0.19 (0.11 to 0.34) 0.00 (–1.50 to 1.00)

6-OH-CBD
Mild/Normal 1.81 (1.05 to 3.12) 1.50 (0.78 to 2.88) 1.91 (0.95 to 3.84) ... 0.00 (–1.50 to 1.30)
Moderate/Normal 2.37 (1.38 to 4.08) 2.59 (1.40 to 4.82) 3.40 (1.69 to 6.84) ... –0.99 (–2.53 to 0.70)
Severe/Normal 1.68 (0.93 to 3.02) 2.16 (1.16 to 4.01) 3.32 (1.56 to 7.08) ... –0.47 (–2.03 to 0.98)

7-OH-CBD
Mild/Normal 1.31 (0.66 to 2.59) 1.10 (0.63 to 1.92) 1.10 (0.64 to 1.89) ... 0.02 (–0.98 to 1.97)
Moderate/Normal 1.83 (0.92 to 3.62) 2.12 (1.22 to 3.69) 1.89 (1.10 to 3.26) ... –0.76 (–2.90 to 0.03)
Severe/Normal 1.09 (0.52 to 2.27) 2.28 (1.26 to 4.14) 1.92 (1.07 to 3.44) ... 0.23 (–0.98 to 1.97)

7-COOH-CBD
Mild/Normal 0.86 (0.44 to 1.68) 1.02 (0.51 to 2.03) 0.95 (0.51 to 1.77) ... –0.02 (–1.52 to 0.98)
Moderate/Normal 0.98 (0.50 to 1.91) 1.60 (0.78 to 3.27) 1.26 (0.67 to 2.36) ... –1.02 (–2.05 to 0.07)
Severe/Normal 0.27 (0.13 to 0.55) 0.84 (0.33 to 2.14) 0.48 (0.25 to 0.95) ... 0.93 (–0.97 to 1.97)

6-OH-CBD, 6-hydroxy-cannabidiol; 7-COOH-CBD, 7-carboxy-cannabidiol; 7-OH-CBD, 7-hydroxy-cannabidiol; AUC0-� , area under the plasma concentration–
time curve from time zero to infinity;AUC0-t, area under the plasma concentration–time curve from time zero to time t;CBD,cannabidiol;CI, confidence interval;
CL/F, oral clearance of drug from plasma; Cmax, maximum measured plasma concentration; PK, pharmacokinetic; tmax, time to maximum plasma concentration.
aHodges-Lehmann estimate (90%CI).

Table 5. Adverse Events Experienced by All Subjects per Treatment Group, by MedDRA Preferred Term: Safety Analysis Set

Mild Hepatic Impairment
(N = 8)

Moderate Hepatic
Impairment (N = 8)

Severe Hepatic
Impairment (N = 6)

Normal Hepatic Function
(N = 8)

SOC MedDRA PT e n (%) e n (%) e n (%) e n (%)

Total 4 1 (12.5) 1 1 (12.5) 0 0 0 0
Gastrointestinal

disorders
3 1 (12.5) 0 0 0 0 0 0

Diarrhea 3 1 (12.5) 0 0 0 0 0 0
Investigations 0 0 1 1 (12.5) 0 0 0 0
Platelet count low 0 0 1 1 (12.5) 0 0 0 0
Nervous system

disorders
1 1 (12.5) 0 0 0 0 0 0

Dizziness 1 1 (12.5) 0 0 0 0 0 0

e, number of times the adverse event occurred; MedDRA PT, Medical Dictionary for Regulatory Activities preferred term; N, number of subjects exposed; n,
number of subjects that experienced the AE; SOC, system organ class.

moderate and severe hepatic impairment groups had
clinically significant hematology and/or biochemistry
values during the trial; however, in each case, these
values were consistent with the subject’s underlying
level of hepatic impairment. Only 1 event of lowplatelet
count (59.0 × 109/L) was reported as a mild AE.
This AE affected a subject from the moderate hepatic
impairment group who had a clinically significant low
platelet count at baseline and was considered to be
unrelated to CBD by the investigator. This was the
only AE ongoing at the end of the trial. There were no
clinically significant ECG or new physical examination
findings. One subject in the moderate hepatic impair-
ment group had a clinically significant vital sign finding
of increased pulse rate of 102 beats per minutes; the

investigator considered this change to be a result of the
subject’s underlying hepatic impairment status. There
were no other clinically significant findings and no AEs
related to vital signs.

Discussion
This trial is the first to investigate the PK of this oral
CBD formulation in subjects with hepatic impairment.
CBD is an oral formulation recently approved in the
United States for the treatment of seizures associated
with Lennox-Gastaut andDravet syndromes, which are
severe and refractory pediatric epilepsies.1–5 As patients
who receive CBD may have coexisting but rare hepatic
morbidities that can lead to drug accumulation, or
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possibly failure to form an activemetabolite,17,18 the PK
of CBD in the current trial population are of clinical
interest to manage dosing in these rare cases. In the
current trial, demographic and baseline characteristics
(outside that of hepatic status) were similar across the
4 subject groups.

CBD and Metabolite PK
CBD was rapidly absorbed in all hepatic-impaired
subject groups (median tmax, 2 to 2.8 hours) with no
systematic trend with hepatic insufficiency. Exposure
(AUC0-�) to total CBD slightly increased in subjects
with mild hepatic impairment (GMR, 1.48; 90%CI,
0.90-2.41), and resulted in a clinically relevant in-
crease in subjects with moderate (GMR, 2.45; 90%CI,
1.50-4.01) and severe (GMR, 5.15; 90%CI, 2.94-9.00)
hepatic impairment, relative to subjects with normal
hepatic function. Apparent clearance was reduced in
subjects with moderate and severe hepatic impairment
compared with subjects with normal hepatic function.

Exposures to 6-OH-CBD and 7-OH-CBD were low
in contrast to the parent drug but, like CBD, also
increased in subjects with moderate and severe hepatic
impairment, although to a lesser extent than CBD.
Elimination of 6-OH-CBD and 7-OH-CBD in the
severe hepatic impairment group appeared to be dif-
ferent from that of CBD, with secondary absorption
peaks present in the plasma concentration–time pro-
files. However, on inspection of individual subject data,
the second absorption peak in the 6-OH-CBD and 7-
OH-CBD profiles corresponded to a delayed tmax in
2 subjects and 1 subject, respectively.

Exposure to 7-COOH-CBD was much greater than
the parent drug; however, in contrast to CBD, ex-
posure to 7-COOH-CBD was lowest in subjects with
severe hepatic impairment (compared with the other
impairment groups and the normal hepatic function
group), likely reflecting a reduced metabolic capacity
and altered biotransformation of CBD in subjects with
severe hepatic impairment.21

CBD is highly protein bound, and the major human
binding protein for CBDhas been reported to bemainly
albumin.22 Plasma total protein binding of CBD and
metabolites was high in this trial (�88% in all groups).
Data for unbound drug was considered qualitative only
due to bioanalytical challenges. However, an increase
in the free fraction of CBD (and to a lesser extent the
metabolites) was observed in subjects with moderate
and severe hepatic impairment consistent with total
drug in plasma. Free drugwas notably higher in severely
hepatically impaired subjects compared tomild,moder-
ate, or normal subjects, which could be expected since
baseline albumin levels were consistently lower within
this cohort of subjects. Although there was an increase

in the free fraction of CBD, there was no trend toward
an increase in the apparent volume of distribution.

The large total subject variability in this trial is
common with cannabinoids, and similar levels of vari-
ability have been previously reported in other trials with
cannabinoids.23,24

Although the PK of CBD and its metabolites
have been explored following a single administration
in this trial, exposures have been reported following
multiple bidaily administration; results show there is
no significant time dependency in the PK other than
accumulation approximating to 3-fold for the parent
drug CBD.25 It is anticipated this single-dose assess-
ment would predict the extent of change in drug
clearances observed following multiple administration.

�9-Tetrahydrocannabinol PK
Extracts from the plants used to formulate CBD also
contain <0.1% (w/w) THC. Due to the psychoac-
tive and potentially addictive nature of THC, plasma
concentrations of THC and its metabolites were also
monitored in this trial. Exposure to THC was low
throughout the trial; plasma concentrations were below
the LLOQ in most subjects at most time points. THC
therefore has no significance for dose adjustment in
special populations with hepatic impairment.

Safety
A single dose of 200 mg was well tolerated across the
groups and no safety concerns were observed, with only
mild AEs reported by 2 subjects during the trial. There
were no severe or serious AEs, discontinuations due to
AEs, or any clinically significant ECG or new physical
examination findings. Clinically significant hematology,
biochemistry, and/or vital sign values were reported
in subjects with hepatic impairment only and were
consistent with the subject’s underlying level of hep-
atic impairment. All but 1 AE of low platelet count
recovered during the trial. Although there was a clear
relationship between CBD PKs and level of hepatic
function, increased CBD concentrations within the
moderate and severe hepatic impairment groups were
not associated with an increased incidence or severity
of AEs. There were no AEs in the severe hepatic
impairment group.

Dose Adjustments in Patients With Moderate and Severe
Hepatic Impairment
Dose reduction is recommended in patients with mod-
erate (2-fold) or severe (5-fold) hepatic impairment. It
may be necessary also to have slower dose titration in
patients with moderate or severe hepatic impairment
than in patients without hepatic impairment. No dose
adjustment is required in patients with mild hepatic
impairment.5
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Conclusion
Dose reduction is recommended in patients with mod-
erate or severe hepatic impairment due to increased
exposure to CBD compared with subjects with normal
hepatic function. Severe hepatic impairment appears to
predominantly diminish the biotransformation of CBD
to its major carboxylated metabolite (7-COOH-CBD).
The 200-mg CBD dose used in this trial was found to be
safe and well tolerated in all subjects. Increased CBD,
6-OH-CBD, and 7-OH-CBD concentrations within the
moderate and severe hepatic impairment groups (com-
pared with the normal hepatic function group) were
not associated with an increased incidence or severity
of AEs. There were no serious or severe AEs in this
trial, and no new safety concerns were identified in this
single-dose trial.
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