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Cannabidiol and Abnormal Liver Chemistries 
in Healthy Adults: Results of a Phase I Clinical 
Trial
Paul B. Watkins1,*, Rachel J. Church1, Jie Li2 and Volker Knappertz2

Liver safety concerns were raised in randomized controlled trials of cannabidiol (CBD) in patients with Lennox-
Gastaut and Dravet syndromes, but the relevance of these concerns to healthy adults consuming CBD is unclear. 
The objective of this manuscript is to report on liver safety findings from healthy adults who received therapeutic 
daily doses of CBD for ~ 3.5 weeks and to investigate any correlation between transaminase elevations and baseline 
characteristics, pharmacogenetic, and pharmacokinetic data. Sixteen healthy adults were enrolled in a phase I, 
open-label, fixed single-sequence drug–drug interaction trial to investigate the effect of repeated dose administration 
of CBD (1,500 mg/day) on cytochrome P450 (CYP) 1A2 activity. Seven (44%) participants experienced peak serum 
alanine aminotransferase (ALT) values greater than the upper limit of normal (ULN). For five (31%) participants, the 
value exceeded 5 × ULN, therefore meeting the international consensus criteria for drug-induced liver injury. There 
was no correlation between transaminase elevations and baseline characteristics, CYP2C19 genotype, or CBD 
plasma concentrations. All ALT elevations above the ULN began within 2–4 weeks of initial exposure to CBD. Among 
the six participants with ALT elevations who were discontinued from the protocol, some had symptoms consistent 
with hepatitis or hypersensitivity. We conclude that healthy adults consuming CBD may experience elevations in 
serum ALT consistent with drug-induced liver injury. Given the demonstrated interindividual variation in susceptibility, 
clinicians should be alert to this potential effect from CBD, which is increasingly available in various nonprescription 
forms and doses to consumers.

Highly purified cannabidiol (CBD) (approved as Epidiolex in the 
United States; Epidyolex in the European Union, in conjunction 
with clobazam) has demonstrated efficacy, with an acceptable 
safety profile in patients with Dravet syndrome (DS) or Lennox-
Gastaut syndrome (LGS) in four randomized controlled trials 

(RCTs),1–4 and has also been studied at higher doses in an RCT in 
patients with tuberous sclerosis complex.5 In all the CBD RCTs, 
liver safety concerns arose following the frequent occurrence of 
elevations in serum alanine aminotransferase (ALT).1–5 These 
events typically first occurred in the first 2 months of treatment 
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
 Frequent serum aminotransferase elevations were observed 
in randomized controlled trials with cannabidiol in patients 
with Lennox-Gastaut and Dravet syndromes, raising liver safety 
concerns. However, the relevance of these safety concerns to 
healthy adults taking cannabidiol is unclear.
WHAT QUESTION DID THIS STUDY ADDRESS?
 Do therapeutic doses of cannabidiol cause serum chemistry 
abnormalities consistent with liver injury in healthy adults?
WHAT DOES THIS STUDY ADD TO OUR K NOW-
LEDGE?
 In 16 healthy adult participants receiving 1,500  mg/day 
cannabidiol in an open-label drug–drug interaction trial, 

peak serum alanine aminotransferase values were above  the 
upper limit of normal in 7 (44%) participants and exceeded 
international criteria for drug-induced liver injury in 5 (31%) 
participants, some of whom had symptoms consistent with 
hepatitis.
HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY OR TRANSLATIONAL SCIENCE?
 Clinicians should be aware that cannabidiol can cause ab-
normalities in serum chemistries consistent with liver injury in 
healthy adults and be on the lookout for association with clini-
cally important liver injury.
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initiation.6 Serum alkaline phosphatase (ALP) elevations were 
uncommon,1–4 consistent with a hepatocellular injury.7 There 
was a clear dose dependence, with transaminase elevations ob-
served in 4–5% of patients with DS/LGS treated with 10 mg/kg/
day CBD2,4 vs. 13–23% of patients with DS/LGS treated with 
20 mg/kg/day.1–4

No cases of significant liver dysfunction were observed in the 
pivotal DS/LGS RCTs.1–4 During the follow-on open-label ex-
tension (OLE) trial, one  child who received placebo during the 
RCT and began taking CBD in the OLE experienced a marked 
rise in serum aminotransferases followed by an upward drift in 
total serum bilirubin (TBL; although within normal limits), sug-
gestive of early liver dysfunction (Figure 1). Routine monitoring 
of serum liver tests (LTs) resulted in early discontinuation of CBD 
treatment in 2–7% of patients in the pivotal DS/LGS RCTs,1–4 
which may have prevented liver injury progression. CBD labeling 
has liver safety warnings and recommends routine monitoring of 
LTs in all treated patients.6

Nonprescription CBD-containing products are widely available 
and are being touted as safe treatment for many health conditions.8 
The relevance of the liver events noted in the pivotal DS/LGS 
RCTs for the liver safety of CBD-containing products in other 
populations is unclear. A remarkable observation in the pivotal 
DS/LGS RCTs was that the incidence of aminotransferase eleva-
tions was markedly higher in those patients concomitantly treated 
with valproate;1–4 the incidence of ALT elevations > 3× the upper 
limit of normal (ULN) was 21% in patients taking CBD with con-
comitant valproate (without clobazam) compared with 3% of pa-
tients not taking valproate.6 Additionally, patients taking 20 mg/
kg/day CBD with elevated baseline serum ALT had almost a three-
fold greater incidence of significant ALT elevations (> 3× ULN) 
than patients starting treatment with normal aminotransferase 

levels.6 These observations suggest that people without baseline 
liver conditions, not receiving valproate, and taking lower CBD 
doses should be at a much lower risk of hepatotoxicity than pa-
tients with DS/LGS.

We were therefore surprised to observe that in this phase I 
caffeine drug–drug interaction (DDI) trial involving 16  healthy 
adults receiving 1,500 mg/day CBD (~ 20 mg/kg/day in a 70 kg 
person), 5 (31%) participants experienced drug-induced liver in-
jury (DILI), as defined by international consensus criteria (serum 
ALT exceeding 5× ULN).9 These events fit the characteristics of 
the liver events observed in the pivotal DS/LGS RCTs and re-
ported in two healthy adult participants in a prior phase I trial.10

While the full pharmacokinetic results from this trial are the 
subject of a separate publication, here we describe in detail the liver 
safety results.

METHODS
Trial design
This trial was reviewed and approved by the Independent Ethics 
Committee for the investigational site and conducted in accordance with 
the Helsinki Declaration of 1975.

This was a phase I, open-label, fixed single-sequence DDI trial that en-
rolled healthy participants to investigate the effect of repeat-dose CBD 
administration on cytochrome P450 (CYP)1A2 activity using caffeine as 
a probe CYP1A2 substrate. Participants received a pharmaceutical formu-
lation of highly purified cannabidiol derived from Cannabis sativa (L.) 
plant (100 mg/ml oral solution; Epidiolex in the United States; Epidyolex 
in the European Union; GW Research Ltd., Cambridge, UK). The trial 
was performed at a specialist phase I unit (PRA Health Sciences’ Early 
Development Services in The Netherlands) between April and July 2019.

Figure 2 presents the trial design. Potential participants were assessed 
for trial eligibility within 28 days before the first trial drug dose. Sixteen 
participants were enrolled and admitted to the trial site on Day − 1, which 
was the day before Day 1, the first day of trial drug administration (200 mg 

Figure 1 Serial liver chemistries in a patient with DS on a semilogarithmic scale are shown. This was a 10-year-old patient with DS who had 
been receiving treatment with valproate for >1 year when they entered the double-blind placebo-controlled trial. The patient was randomized 
to placebo treatment for the first 3 months during the RCT, then commenced treatment with CBD at 20 mg/kg/day during the OLE trial (after 
an 11-day up-titration). The patient was noted to be somnolent about 2 weeks after starting CBD treatment, and 19 days after starting CBD 
treatment was found to have a high serum ALT level (50 × the upper limit of normal). Serum valproate levels were not elevated at this time. The 
patient began a tapered withdrawal of CBD 2 days after their peak serum ALT value and had completely stopped CBD treatment 1 week later. 
The patient had no clear symptoms during the event other than somnolence which resolved off CBD. They remained on valproate treatment 
throughout their recovery. The mild rise in serum total bilirubin following the peak serum ALT is consistent with mild liver dysfunction secondary 
to hepatocellular injury, although the value did not exceed the reference range. Evaluation for alternate etiologies was unrevealing and this event 
was judged to be probably due to CBD by the site investigator and P.B.W. AE, treatment-emergent adverse event; ALP, alkaline phosphatase; 
ALT, alanine aminotransferase; AST, aspartate aminotransferase; CBD, cannabidiol; DS, Dravet syndrome; GGT, gamma-glutamyl transferase; 
OLE, open-label extension; PT INR, prothrombin time international normalized ratio; RCT, randomized controlled trial; TBL, total bilirubin.

ARTICLE



VOLUME 109 NUMBER 5 | May 2021 | www.cpt-journal.com1226

caffeine + CBD-matched placebo). On Day 3, the first dose of 250 mg 
CBD was taken in the morning at the site. Participants were discharged on 
Day 3 and instructed to escalate their CBD doses at home from the next 
day, as follows:

• Days 4–5: 250 mg twice daily (b.i.d.)
• Days 6–7: 500 mg morning and 250 mg evening
• Days 8–9: 500 mg b.i.d.
• Days 10–11: 750 mg morning and 500 mg evening
• Days 12–27: maintenance dosing with 750 mg b.i.d.

Ambulatory visits occurred on Days 12, 18, and 23. Participants were 
admitted again to the trial site on Day 25. On Day  26, participants re-
ceived a single oral dose of 200  mg caffeine with the morning dose of 
CBD. Participants were discharged on Day 28. A follow-up visit took 
place 14–16  days after the last CBD dose. Participants received stan-
dardized meals while resident at the trial site and were advised to eat as 
normal (with the exception of trial-related prohibitions) while at home. 
Participants were instructed to take their CBD doses 30  minutes after 
meals. Food diaries were not employed.

Trial population
Healthy male and female participants aged 18–60 years with a body 
mass index (BMI) between 18–32 kg/m2, and weighing ≥ 50.0 kg were 
eligible for this trial. Participants had no clinically significant medical 
history, no history of substance abuse, and normal physical examina-
tion, 12-lead electrocardiogram, vital signs, and clinical laboratory 
findings, as judged by the principal investigator. Female participants 
were nonpregnant and nonlactating, and participants of childbearing 
potential or with a partner of childbearing potential agreed to use ef-
fective contraception throughout the trial site and for 90  days after 
the follow-up visit. The use of all prescribed medication and all over-
the-counter medication, vitamin preparations and other food supple-
ments, or herbal medications was prohibited from first admission to 
the trial site until the follow-up visit. An exception was made for hor-
monal contraceptives and for acetaminophen (without caffeine; up to 
2 g/day for up to 3 consecutive days).

Liver safety assessments
Clinical LT ULN values designated by the Contract Research Organization 
were: 68 IU/L for ALT, 45 IU/L for aspartate aminotransferase (AST), 
129 IU/L for ALP, 29 µmol/L for TBL, and 49 IU/L (females) or 59 IU/L 
(males) for gamma-glutamyl transferase (GGT). LTs were performed 
at screening, on Days −1, 12, 18, 23, 27, and at follow-up. Anyone with 
Day − 1 serum ALT or AST > 1.5 × ULN, TBL above the ULN, or inter-
national normalized ratio > 1.27 was excluded from the trial.

During the trial, participants meeting any of the following criteria were 
discontinued:

• ALT or AST > 3× ULN accompanied by fatigue, nausea, vomiting, 
right upper quadrant pain, or tenderness, fever, rash, and/or eosino-
philia (> 5%)

• ALT or AST > 5× ULN
• ALT or AST  >  3× ULN and (TBL  >  2× baseline or international 

normalized ratio > 1.5)

CBD concentrations
CBD trough plasma concentrations were measured before dosing on 
Days 23, 25, and 26. CBD plasma concentrations in the published CBD 
withdrawal trial were listed in the clinical study report10 and were deter-
mined for compliance monitoring on trial Days 7, 14, 21, 28, 35, and 42 
at 4–5 hours after morning dose.

CYP2C19 genotyping
Blood for CYP2C19 genotyping was collected on Day  −  1. See 
Supplementary Methods for methods relating to pharmacogenetic 
analysis.

RESULTS
Participants
Sixteen healthy adults participated in this open-label DDI trial. 
Participant baseline characteristics are summarized in Table 1.

Safety
There were treatment-emergent adverse events (AEs) in 14 (88%) 
of the 16 participants. The most common all-causality AEs by pre-
ferred term were gastrointestinal disorders, including diarrhea in 
eight (50%) participants and abdominal discomfort in five (31%) 
participants. Most of these AEs were first experienced during the 
CBD titration phase. AEs were generally mild (31%) or moderate 
(50%) in severity.

The most notable biochemical abnormalities were elevation in 
serum ALT, AST, and GGT (Table S1). Lesser elevations in serum 
ALP were also observed. In seven  (44%) participants, peak serum 
ALT values were above the ULN. Of these, five (31%) participants 
had peak ALT values > 5× ULN, the international consensus criteria 
for DILI (Table 2).9 The serial LTs observed in the five participants 
with peak ALT values >  5× ULN are displayed in Figure  3. The 

Figure 2 Trial design. b.i.d. twice daily; CBD, cannabidiol; LT, liver test.
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five participants with peak ALT elevations > 5× ULN were discon-
tinued from treatment in accordance with withdrawal criteria.

When expressed as consensus ULNs for ALT which are dif-
ferent for males (33  IU/L) and females (25  IU/L),11 six (38%) 
participants experienced peak ALT values >  5× ULN. Of these, 
five (31%) participants had peak ALT values > 10× ULN, and one 
(6%) of these participants experienced a peak ALT value >  20× 
ULN (Table 2).

In total, six (38%) participants with serum ALT elevations > 3× 
ULN were withdrawn from the trial prior to completion. Of these, 
three participants were discontinued solely due to AEs of elevated 
ALT and AST; two of these three  participants also  experienced 
concomitant fever:  38.5°C in one  participant and 39.2°C in the 
other. The other three discontinued participants experienced ad-
ditional AEs that contributed to their withdrawal. The first expe-
rienced eosinophilia, the second experienced vomiting, abdominal 
discomfort, and eosinophilia, and the third experienced nausea 
and syncope. In all six cases, the LT elevations were first detected 
between trial Days 23 and 27.

By international criteria, only one of the five participants with 
an ALT value > 5× ULN would be considered to have a hepatocel-
lular liver injury (R value ≥ 5).12 The remaining four participants 
would be considered to have a mixed hepatocellular/cholestatic 
injury (R value between 2 and 5).12

Risk factors
Review of participant characteristics did not reveal an association 
between serum ALT elevations and sex, BMI, or genotype.

In this trial, 5 of 10 women (50%) and 2 of 6 men (33%) 
developed ALT  above the  ULN. The median BMI in partici-
pants with a peak serum ALT above the ULN was 23 (1st  and 

3rd quartiles: 22 and 25, respectively) compared with a median 
BMI of 22 in participants with normal ALT throughout (1st and 
3rd quartiles: 21 and 23, respectively). The major route of phase 
I metabolism for CBD is CYP2C19, a polymorphic enzyme.13,14 
Based on CYP2C19 genotype, among the seven (44%) partici-
pants with elevations in serum ALT  above the  ULN, two par-
ticipants were considered intermediate metabolizers (genotype 
*1/*2 or *2/*17), four  were considered extensive metabolizers 
(genotype *1/*1), and one was considered an ultrarapid metab-
olizer (*1/*17) (Figure 4). Only one of the six participants con-
sidered ultrarapid metabolizers experienced ALT elevations, but 
this elevation exceeded 5 × ULN.

When analyzing data from the current trial and a published 
trial investigating CBD withdrawal,10 there was no correlation 
between systemic exposure to CBD and peak ALT elevations 
(Figure 5).

Experience in healthy participants receiving lower daily CBD 
doses
To determine whether lower CBD doses than we studied may 
cause ALT elevations in healthy adults, we reviewed the entire 
phase I clinical trial experience with Epidiolex. In one  trial ex-
amining the effects of steady-state CBD on the pharmacokinet-
ics of clobazam, ALT elevations above the ULN were observed in 
five healthy (42%) adults receiving 5 mg/kg/day. Although no ele-
vations exceeded 2 × ULN, the characteristic biochemical profile 
and latency was observed (Figure S1).

DISCUSSION
There has been a large increase in the availability of nonprescrip-
tion CBD preparations.15 The US Food and Drug Administration 
has recently stated that it “cannot conclude that CBD is generally 
recognized as safe” and has sent letters to multiple CBD manu-
facturers warning them they are breaking the law.16 Nonetheless, 
these products remain widely available and are projected to achieve 
$16 billion a year in sales by 2025.17

The frequency and height of elevations in serum ALT observed 
in patients with DS/LGS during CBD treatment at 10 or 20 mg/
kg/day has raised liver safety concerns and prompted recommen-
dations for routine LT monitoring in these patients. Although the 
liver events observed in the pivotal DS/LGS RCTs were reversible, 
at least one patient (data presented in Figure 1) appeared to expe-
rience a mild degree of liver dysfunction attributed to CBD after 
commencing CBD treatment during the OLE trial. Furthermore, 
protocol-driven discontinuation of treatment based on LT mon-
itoring may have prevented more significant liver injuries in the 
pivotal DS/LGS RCTs.

The relevance of the CBD liver safety data obtained in pa-
tients with DS/LGS to healthy adults is unclear. Patients with 

Table 1 Baseline characteristics

Parameter CBD (N = 16)

Age, year

Median (Q1, Q3) 29 (23.5, 37.8)

Sex, n (%)

Male 6 (37.5)

Female 10 (62.5)

Race, n (%)

White 13 (81.3)

Black or African American 1 (6.3)

Asian 1 (6.3)

American Indian or Alaska Native 1 (6.3)

BMI, kg/m2

Median (Q1, Q3) 22.7 (21.1, 24.6)

BMI, body mass index; CBD, cannabidiol; Q, quartile.

Table 2 Observed peak serum ALT expressed in terms of the stated and consensus15 reference ranges

Reference ULN > ULN ≥2 × ULN ≥3 × ULN ≥5 × ULN ≥10 × ULN ≥20 × ULN

Stated ULN 7 (44) 6 (38) 5 (31) 5 (31) 0 (0) 0 (0)

Consensus ULN 11 (69) 7 (44) 7 (44) 6 (38) 5 (31) 1 (6)

ALT, alanine aminotransferase; ULN, upper limit of normal.

ARTICLE



VOLUME 109 NUMBER 5 | May 2021 | www.cpt-journal.com1228

Figure 3 Serial liver chemistries for the five participants with ALT ≥ 5× the upper limit of normal. Acetaminophen was received by participant 
0001 (single 500 mg dose on Day 20) for fever, headache, and myalgia; participant 0004 (single 1,000 mg dose on Day 23) for fever; 
and participant 0005 (1,000 mg as needed on Days 22–23) for abdominal cramps and backache. Participants 0003 and 0013 did not 
receive acetaminophen. ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl 
transferase; TBL, total bilirubin.
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DS/LGS often receive potentially hepatotoxic concomitant 
medications and appear to have a high background frequency 
of LT abnormalities suggesting preexisting liver conditions. 
Patients with DS/LGS who had normal baseline LTs and were 
not treated with valproate experienced a low incidence of treat-
ment-emergent LT abnormalities, and few of these patients dis-
continued CBD on this basis.1–4,6

It was therefore unexpected that 31% of healthy adults would 
experience LT elevations consistent with DILI (ALT  >  5× 
ULN)9 in this trial, while receiving doses of CBD commonly 
administered to patients with DS/LGS (~ 20  mg/kg/day). It 
should also be noted that the ULNs for the laboratory analyz-
ing the serum samples (ALT 68 IU/L for men and women) are 
not consistent with recent recommendations which are ALT 
33  IU/L for men and 25  IU/L for women.11 Applying these 
consensus reference ranges would result in a marked increase in 
the incidence of ALT elevations at each cutoff, including one 
participant with an elevation > 20× ULN.

In the current trial, all elevations began within 2–4  weeks of 
initial CBD exposure. While ALT and AST represented the pre-
dominant elevations observed in the healthy participants, similar 
to observations in patients with DS/LGS, there was a more prom-
inent cholestatic component in the five cases with ALT eleva-
tions > 5× ULN, as evidenced by the concomitant rise in serum 
ALP and GGT, which was unique to the healthy adults.

Interestingly, CBD-related ALT elevations were reported in an-
other phase I trial in healthy adults examining withdrawal effects 
from CBD (20  mg/kg/day for 4  weeks).10 The participants had 
inclusion/exclusion criteria similar to the current trial and only 
received CBD treatment. In this trial, 2 of 30 healthy participants 
were discontinued because of elevated LTs (peak ALT > 3× ULN 
in 1 participant and > 5× ULN in another participant). One par-
ticipant experienced eosinophilia, fatigue, and nausea in addition 
to elevated LTs and the second participant experienced abdominal 
pain and pyrexia along with raised LTs. No elevated TBL levels 
were detected in either participant, and both participants recov-
ered from these AEs after withdrawal of CBD. An additional 12 
participants experienced ALT elevations that did not exceed 
3 × ULN.

The high rate of serum ALT elevations we observed does not 
necessarily indicate potential for CBD to cause serious liver injury. 
Elevations in serum ALT can result from treatment with drugs 
that have minimal significant liver safety liability, including hepa-
rins,18 cholestyramine,19 statins,20 and tacrine.21 These drugs cause 
transient and asymptomatic elevations in serum ALT that gener-
ally reverse even with continued treatment. The phenomenon was 
observed for lower-level serum ALT elevations in the pivotal DS/
LGS RCTs.1–4 However, even drugs capable of progressive and se-
rious liver injury often produce elevations in serum LTs that resolve 
despite continued treatment.22

Importantly, when mean CBD plasma concentrations were plot-
ted against ALT elevations using data from this and the published 
trial investigating CBD withdrawal effects,10 there was no correla-
tion between systemic exposure to CBD and peak ALT elevations. 
This suggests there is marked interparticipant variability in sus-
ceptibility to transaminase elevations. We were unable to identify 
patient risk factors for ALT elevations, including CYP2C19 me-
tabolizer status. It is unlikely that caffeine contributed to the eleva-
tions in the current trial due to the lack of hepatotoxic potential of 
this drug and that the ALT elevations > 5× ULN occurred more 
than 2 weeks after the first caffeine dose was administered and had 
started before the second dose in the two participants who received 
a second dose.

The very high elevations in serum ALT that were sometimes 
observed in the pivotal DS and LGS RCTs and the suggestion of 
mild liver dysfunction in one patient that received CBD in an OLE 
are potential cause for concern. In the current trial, three healthy 
adults developed signs and symptoms that included eosinophilia, 

Figure 4 Relationship between CYP2C19 genotype and peak 
ALT × the upper limit of normal. Dotted line is drawn at 1 × the upper 
limit of normal. ALT, alanine aminotransferase; CYP, cytochrome 
P450; ULN, upper limit of normal.

Figure 5 Peak serum ALT and the mean CBD concentrations 
(when multiple concentration measurements were available (five 
participants had only one concentration)) observed in the current 
trial (red) and another published trial in healthy adult volunteers 
that received comparable doses of CBD for ≥ 3 weeks (black).10 
CBD plasma concentrations in the caffeine trial were measured 
before dosing (trough), collected sporadically on days when CBD 
had reached steady state. CBD plasma concentrations in the other 
published trial represent samples collected around 4–5 hours after 
dosing on sporadic days after CBD had reached steady state. No 
significant correlation was observed. ALT, alanine aminotransferase; 
CBD, cannabidiol; ULN, upper limit of normal.
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abdominal pain, nausea, and vomiting, and two participants expe-
rienced fever that occurred within the same time frame as the ALT 
elevations. While gastrointestinal AEs were common in this trial, 
they generally occurred during the titration phase. These symp-
toms are also associated with hepatitis23 and are not expected with 
benign ALT elevations.

The mechanism underlying the elevations in serum ALT associ-
ated with CBD treatment has not been clarified. The dose-depen-
dency and relatively rapid resolution after discontinuing treatment 
is most consistent with a direct effect. Dose-dependent hepatoxic-
ity has been reported in mice and transcriptomics identified treat-
ment-induced changes in genes related to oxidative stress.24 CBD 
has also been shown to inhibit mitochondrial function in cultured 
cells.25 The concomitant symptoms and eosinophilia or fever, ob-
served in some participants in both the current trial and the with-
drawal trial10 suggest immune activation; however, the rapid reversal 
upon discontinuing treatment is not characteristic of an immune 
response. It should also be noted that the > 2-week latency to onset 
of the liver events is days after steady-state blood levels of CBD and 
its two major metabolites have been attained,26 which may indicate 
a role for a minor metabolite or possibly innate immune activation.

An important question is the liver safety implications of our trial 
for the use of nonprescription CBD products. The consumption of 
1,500 mg CBD daily in our trial likely far exceeds that typically rel-
evant for use of nonprescription products.27 However, studies have 
documented ranges of CBD that are both well below or in excess of 
product labeling with one product reported to contain more than 
650 mg/ml of CBD.27,28

In reviewing the experience of Epidiolex in other phase I tri-
als, it was noted that some healthy adults receiving 5 mg/kg/day 
experienced mild serum LT elevations with the characteristic 
biochemical profile and latency observed in the current trial. 
Moreover, it is possible that other drugs or conditions that may 
be operative in the general public will result in significantly en-
hanced susceptibilities to CBD liver effects. For instance, a recent 
study showed that pretreatment of mice with CBD increased 
hepatotoxicity due to acetaminophen.29 It is therefore inter-
esting that three of the five participants that developed CBD-
related ALT elevations >  5× ULN also took acetaminophen 
shortly before or concurrently with ALT elevations. However, a 
role for acetaminophen seems unlikely since two of these three 
participants received just a single dose (Figure  3 legend) and 
the timing and biochemical nature of the events were similar in 
all the participants. Given the large interparticipant variability 
in susceptibility, the possibility of unrecognized DDIs, and in 
our trial, the lack of correlation with CBD systemic exposure, it 
seems likely that some adults will experience ALT elevations at 
doses considerably lower than have been studied.

In summary, CBD administered to healthy adults at a dose 
of 1,500 mg/day can result in serum ALT elevations consistent 
with DILI, and the frequency of this event appears to be greater 
than in patients with DS/LGS not receiving valproate and with 
normal baseline LTs that took part in the pivotal RCTs. There 
exists large interparticipant variation in susceptibility and likely 
risk factors are yet to be identified. Clinicians should be alert 
to this effect of CBD to avoid needless diagnostic evaluations. 

They should also be on the lookout for clinically important liver 
injury associated with the rapidly expanding and unregulated 
use of this product.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical 
Pharmacology & Therapeutics website (www.cpt-journal.com).
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