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ABSTRACT

Introduction: This phase I open-label study
examined pharmacokinetics, safety, and tolera-
bility of escalating doses of a novel combination
cannabinoid medication (1:1 tetrahydro-
cannabinol [THC]/cannabidiol [CBD]) in
patients with chronic non-cancer pain (CNCP)
on high dose opioid analgesia.
Methods: Nine people with CNCP and oral
morphine equivalent daily dose of 60 mg or
higher were recruited. Blood concentrations of

THC, 11-hydroxytetrahydrocannabinol (OH-
THC), 11-nor-9-carboxy-tetrahydrocannabinol
(COOH-THC), and CBD were assayed weekly.
Concentrations were measured after a single
dose of 2.5 mg THC/2.5 mg CBD on day 1, and
daily escalating doses up to a single dose of
12.5 mg THC/12.5 mg CBD on day 29. Follow-
up was on day 36 after a 7-day washout. Sec-
ondary outcome data encompassed pain, mood,
and sleep parameters.
Results: The parent compounds THC, and
CBD, and metabolites OH-THC and COOH-
THC were detected at most time points. In
general, the concentration of all analytes
increased until 2 h post-administration,
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decreasing to approximately pre-dose concen-
trations by 8 h. There was considerable inter-
and intra-individual variability. The study
medication was well tolerated. Eight partici-
pants reported at least one adverse event (AE),
with a total of 62 AEs; most common were
euphoric mood, headache, and agitation, none
classified as severe. There was no significant
change to pain severity self-ratings, nor use of
pain medications. Improvements in pain inter-
ference scores, mood, and some sleep parame-
ters were observed.
Conclusion: The THC/CBD formulation was
tolerated well in a group of patients with CNCP.
Between-participant variability supports per-
sonalized dosing and ‘‘start low–go slow’’ titra-
tion. To validate and quantify improvements in
secondary efficacy outcomes a randomized pla-
cebo-controlled study is needed.
Trial Registration: Australian New Zealand
Clinical Trials Register (CT-2019-CTN-01224-1).

PLAIN LANGUAGE SUMMARY

Many studies use healthy volunteers when they
look at the way medicines are absorbed in the
body and their clinical effects. The aim of this
project was to examine a new formulation of
medicinal cannabis in people who have chronic
pain and other health conditions to help us to
plan a larger study. We wanted information on
how quickly it was absorbed and whether there
were any negative effects of the medicine. We
wondered whether the fact that participants
were on a number of other medications might
mean that we see different results to those seen
with healthy volunteers. We found that the
results of our group were very similar to those
seen in other studies. Although we only tested a
small number of participants we did not observe
serious negative effects of the medication, and
saw some positive effects on mood and sleep.
We now have the data to assist us in planning a
larger study which should provide important
guidance to prescribers of medicinal cannabis in
the future.

Keywords: Medicinal cannabis; THC; CBD;
Pharmacokinetics; Safety; Chronic pain

Key Summary Points

This study investigated pharmacokinetics
of a novel cannabinoid formulation in
participants with chronic non-cancer pain
and on high dose opioid medication.

Considerable inter- and intra-individual
variability was observed, which is
important for clinicians to be aware of
when caring for patients on these
treatments.

This study provides important pilot data
to inform a subsequent randomized
controlled trial.

INTRODUCTION

Delta-9-tetrahydrocannabinol (THC) and
cannabidiol (CBD) are the principal active
constituents of cannabis. THC is the main psy-
choactive constituent of cannabis, its pharma-
cological effects including analgesia, muscle
relaxation, antiemesis, and appetite stimulation
[1]. CBD is the main non-intoxicating phyto-
cannabinoid present in the Cannabis sativa
plant, constituting up to 40% of its extract [2].
CBD has demonstrated a broad spectrum of
potential therapeutic properties in animal
models and humans, including anxiolytic [2, 3],
antidepressant [4], neuroprotective [2, 5], anti-
inflammatory and immunomodulatory [6]
actions.

There is evidence that the combination of
THC and CBD increases clinical efficacy while
reducing adverse events [7]. This makes phar-
macological sense as CBD is a strong P450
enzyme inhibitor enabling higher concentra-
tions, and both molecules have a number of
receptor interactions depending on concentra-
tion. CBD has been demonstrated to ameliorate
some undesirable effects of THC including
intoxication, sedation, and tachycardia, while
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contributing analgesic, and antiemetic, proper-
ties [7]. There are some reports that cannabi-
noids may enable patients to reduce their
opioid medication whilst maintaining adequate
analgesia—known as opioid sparing [8, 9].

Lynch and Clark [9] published a report of
three patients with non-cancer pain stating that
regular use of smoked cannabis enabled them to
reduce their opioid dose by 60–100%. Other
studies have had mixed results: Johnson et al.
[10] showed that Sativex�, a THC/CBD formu-
lation in an oro-mucosal spray (2.7 mg THC/
2.5 mg CBD), was more effective than THC only
(2.7 mg), and placebo, in moderate to severe
cancer-related pain. In this 2-week double-
blind, randomized, placebo-controlled, parallel
group trial, no change in the median amount of
opioid breakthrough medication was observed
in either group. Further, Fallon et al. [11] found
no significant effect on pain scores and a non-
significant opioid-sparing effect in two placebo-
controlled randomized controlled trials (RCTs)
of Sativex� in patients with advanced cancer
pain. Lichtman et al. [12] in a double-blind,
placebo-controlled RCT of patients with
advanced cancer found no significant impact of
Sativex� on average pain score or daily main-
tenance opioid dose, breakthrough opioid dose,
or total daily opioid dose compared to placebo.
However, cancer-related pain has a different
pathophysiology to chronic non-cancer pain
(CNCP). Seeling et al. [13] examined the use of
dronabinol (5 mg THC) versus placebo in acute
post-surgical pain. Median dose of micro-opioid
agonist piritramide in the 2 days post-surgery
was numerically but not statistically different.

Systematic reviews [14, 15] have found some
evidence to support an analgesic effect in neu-
ropathic pain. However, the quality of evidence
to support the analgesic and opioid-sparing
effect of cannabinoids for CNCP and cancer
pain is low because of a lack of high-quality
RCTs, the heterogeneous nature of the popula-
tions studied, and the many different formula-
tions of cannabinoids used [16–18].

CNCP remains one of the most common
reasons for use of medicinal cannabinoids;
however, there remain a number of unanswered
questions regarding their use in this patient
group. There is a known inter-individual

variability, implying that for many patients the
doses chosen for the studies are critical. Further,
the choice of cannabinoid, the dosage, and
mode of delivery in clinical trials of CNCP
conditions have varied widely. For example,
THC/CBD extracts have typically been admin-
istered as either standardized capsules or as a
sublingual spray. In a recent review of ran-
domized clinical trials for treatment of CNCP,
total daily dose ranged from 2.5 mg THC/
2.5 mg CBD to 97.5 mg THC/97.5 mg CBD,
similarly for neuropathic pain [19].

This pilot study was designed to guide and
inform a proposed subsequent RCT which will
address some of the knowledge gaps regarding
analgesic properties and opioid-sparing effects
of cannabinoids. The primary objectives of this
study were to assess the pharmacokinetics of a
novel THC/CBD formulation following a single
oral dose and following repeated escalating oral
doses; to assess the impact of a high fat diet
(HFD) on THC/CBD absorption; and to evaluate
the safety and tolerability of the novel THC/
CBD formulation following a single oral dose
and following repeated escalating oral dosing in
patients with CNCP.

Secondary objectives were to monitor effects
on pain, mood, sleep, and opioid and non-opi-
oid analgesic use over the duration of the trial.

METHOD

Investigational Product

The investigational product (ZTL-103) was a
formulation of 10 mg THC/10 mg CBD per ml
oral solution. The product was manufactured
under supervision of the trial sponsor by Replek
Farm, Macedonia in accordance with Good
Manufacturing Practice (GMP), International
Council for Harmonisation-GMP (ICH-GCP),
and local regulatory requirements. The product
was packaged into ready-to-use pre-filled syr-
inges by Suda Pharmaceuticals (Australia),
under GMP conditions.

Pain Ther (2022) 11:171–189 173



Compliance with Ethics Guidelines

The study protocol, Patient Information and
Consent Form (PICF), and Investigator Bro-
chure were approved by the relevant institu-
tional Human Research Ethics Committee
(HREC 064/19) for both study sites. The study
was conducted in accordance with the Helsinki
Declaration of 1994 and subsequent amend-
ments. The trial was prospectively registered
with the Australian New Zealand Clinical Trials
Register (CT-2019-CTN-01224-1).

Study Population

Eligible participants were aged over 25 years
with CNCP, on long-term treatment (at least
12 months) with high dose (oral morphine
equivalent daily dose [OMEDD] C 60 mg) opi-
oid analgesia. Participation was voluntary under
conditions of informed consent.

Participants were recruited at two sites, a
public hospital pain management clinic and at a
community medicinal cannabis clinic. Eligibil-
ity screening, informed consent, and baseline
assessment were conducted by a member of the
research team.

Eligibility Criteria

Inclusions: aged over 25 years of age; patients
with CNCP on long-term treatment (at least
12 months) receiving high dose
(OMEDD[ 60 mg) opioid analgesia; willing to
cease driving a motor vehicle for the duration of
the study; willing to undertake fasting require-
ments and meal restrictions whilst providing
blood samples for pharmacokinetic studies;
agree to undergo all assessments for trial dura-
tion of 5 weeks including blood testing for
pharmacokinetic analysis; psychometrics and a
saliva swab for a drug screen; no cannabis use in
previous month, as confirmed by a negative
drug screen.

Exclusions: dependence on cannabis; car-
diovascular disorder, epilepsy; psychosis, bipo-
lar disorder; first-degree relative with psychosis;
dependence on alcohol, benzodiazepines, or
amphetamine-type stimulants; women who

were pregnant, lactating, or not using adequate
contraception; men who were not using ade-
quate contraception; evidence of severe hep-
atic/renal impairment; participating in another
clinical trial; active malignancy; inability to
self-administer the cannabinoid formulation
with the graduated pre-filled syringe.

Limitations Regarding Prior
and Concomitant Treatments/Drug
Interactions

Pharmacokinetic studies are typically con-
ducted in healthy controls. Persons with CNCP
often have multiple physical comorbidities and
are prescribed multiple medications. This study
was conducted in a ‘‘real world’’ cohort which
necessitated decisions regarding limitations on
prior and concomitant treatments and/or drug
interactions.

THC induces CYP1A2 activity and reduces
serum concentrations of drugs metabolized by
CYP1A2, e.g. anti-psychotic medications such
as clozapine, olanzapine, haloperidol, and
chlorpromazine [20]. Thus persons with psy-
chosis were excluded from this study. Serum
concentrations of duloxetine and naproxen
may be reduced with concomitant use of THC:
persons on these drugs were eligible for
recruitment but were required to be monitored
for drug interactions.

As CBD is a potent inhibitor of
cytochrome P(CYP)2D6 and CYP3A4, there is a
potential risk of interaction with other drugs
metabolized primarily through these pathways.
Tramadol metabolism is primarily mediated
through CYP2D6, CYP3A4, and CYP2B6 [21].
Carbamazepine is a potent inducer of CYP3A4,
and CBD may inhibit its metabolism resulting
in increased serum concentrations. Serum con-
centrations of topiramate have also been
observed to rise with increasing CBD dose but
changes have been reported to be within the
accepted therapeutic range [22]. The concomi-
tant use of tramadol, carbamazepine, and topi-
ramate were permitted, with those on tramadol
or carbamazepine monitored closely for signs of
excessive sedation. Current use of valproate was
an exclusion for the current study as this
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combination may elevate aspartate transami-
nase (AST) and/or alanine aminotransferase
(ALT) concentrations [23]. Benzodiazepines
were excluded because of potential excessive
sedation in combination with the investiga-
tional product (ZTL-103).

No new medication other than the investi-
gational product, opioid medications for CNCP,
and contraceptives was permitted to be com-
menced after initiation on to the trial.

Overall Study Design

This was an open-label non-controlled dose-
escalation study (n = 9).

The pharmacokinetics were investigated on
day 1 after a single dose of 2.5 mg THC/2.5 mg
CBD after fasting for 12 h, day 8 after a single
dose of 2.5 mg THC/2.5 mg CBD following a
high fat meal, day 15 after a single dose of 5 mg
THC/5 mg CBD after twice daily 2.5 mg THC/
2.5 mg CBD for 7 days, day 22 after a single dose
of 7.5 mg THC/7.5 mg CBD after twice daily
5 mg THC/5 mg CBD for 7 days, and day 29
after a single dose of 12.5 mg THC/12.5 mg CBD
after twice daily 7.5 mg THC/7.5 mg CBD for
7 days. Participants returned for final assess-
ments on day 36, after a 7-day washout period;
however, no bloods were taken on this day as it
was not anticipated that there would be any
THC or CBD 1 week after a single dose of
12.5 mg THC/12.5 mg CBD. As an indication of
this a single dose of 12.5 mg THC/12.5 mg CBD
was given the previous evening at 4 pm prior to
the day 29 pharmacokinetic (PK) analysis. The
concentrations of THC and CBD in the predose
sample approximately 20 h later were generally
around 0.5 ng/mL, the limit of quantitation of
our assay. Thus it would be highly unlikely that
after a single dose of 12.5 mg THC/12.5 mg CBD
there would be detectable THC and CBD 148 h
later.

To explore secondary objectives, participants
completed the Brief Pain Inventory (BPI) [24]
which has two subscales, namely pain severity
and pain interference (i.e. how pain impacts
function and daily life), and recorded opioids,
other analgesics, and any other medications,
daily. At each visit to the study site (days 1, 8,

15, 22, 29, 36) participants completed the
Depression, Anxiety, and Stress Scale (DASS-21)
[25], Insomnia Severity Index (ISI) [26], and
underwent a physical examination by a clini-
cian. They were also asked about any adverse
events related to the study or the study
medication.

All participants completed a daily sleep
diary. Three variables were recorded: Sleep onset
latency (SOL)—the participant’s perceived ease
of falling asleep (Likert scale); Total sleep time
(TST)—‘‘Last night I slept a total of x hours’’;
Sleep quality—‘‘When I woke up for the day I
felt: refreshed, somewhat refreshed or fatigued’’.

Pharmacokinetic Sampling

Four millilitre ethylenediaminetetraacetic acid
(EDTA) blood samples were taken for assess-
ment of plasma concentrations of the investi-
gational product (IP) ZTL-103 at pre-dose
(time 0), 30 min, 1 h, 2 h, 4 h, and 8 h post-
treatment. Bloods were refrigerated at 4 �C or
below, and centrifuged at 20009g for 10 min
within 12 h after sampling. Immediately after
centrifugation, plasma was stored in two label-
led polypropylene tubes and stored at - 20 �C
or below for plasma concentration analysis. All
plasma concentration analyses were performed
after all participants had completed the final
visit.

Participants were required to fast for 12 h
prior to providing blood samples for PK analy-
sis. On days 1, 15, 22, and 29 participants were
offered decaffeinated beverages and digestive
biscuits from 15 min post-dosing. They were
provided with lunch at 4 h post-dose and a light
meal late afternoon. On day 8, participants were
provided with a high fat breakfast prior to dos-
ing. The breakfast was consistent with the US
Food and Drug Administration guidelines for fat
and calorific content [27], providing an energy
value of approximately 3760 kJ (900 kcal) and
containing approximately 60 g of fat.

Statistical Analyses

Statistical analysis using paired t tests was con-
ducted using STATA Version 15.1 and GraphPad
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Prism Version 8.4.3. All participants who
received at least one dose of study medication
were included in the data analysis. Unless
otherwise stated, missing and incomplete data
remained with no values, rather than values
imputed from a mathematical model.

Analysis of Plasma Samples

Plasma samples were analysed using a validated
LCMSMS (liquid chromatography–tandem mass
spectrometry) method for THC, CBD, and the
metabolites 11-hydroxytetrahydrocannabinol
(OH-THC) and 11-carboxytetrahydrocannabi-
nol (COOH-THC) [28]. Plasma samples were
prepared by adding twice the volume of ace-
tonitrile containing deuterated internal stan-
dards. The samples were vortexed then
centrifuged and the supernatant was transferred
to a vial and injected onto the LCMSMS col-
umn. The LCMSMS system consisted of a Shi-
madzu 8060 LCMS using a Kinetex Biphenyl
column and a gradient of 0.1% formic acid and
acetonitrile. THC and its metabolites were lin-
ear over the following ranges: THC 0.5–500 ng/
mL; OH-THC 0.5–50 ng/mL; COOH-THC
0.5–500 ng/mL; CBD 0.5–500 ng/mL. The limit
of quantitation for all compounds was 0.5 ng/
mL. Intra-assay precision was between 3% and
12% and intra-assay bias was between - 15%
and 12%. Inter-assay precision was between 5%
and 15% and inter-assay bias was between - 6%
and 15%.

Study Parameters

Pharmacokinetics: maximum plasma concen-
tration (Cmax), time of Cmax (Tmax), area under
the plasma concentration time curve (AUC0–8),
and plasma half-life (t1/2) were determined
using PKSolver [29]. The data was fitted using
the non-compartmental analysis (NCA)
extravascular module, with AUC0–t calculated
using the log-linear trapezoidal method.

Safety parameters: number and frequency of
adverse events (AE) and serious adverse events
(SAE) classified using Medical Dictionary for
Regulatory Activities (MedDRA); local tolerabil-
ity; physical examination performed at all visits

including the following: vital signs, general
appearance, HEENT (head, ears, eyes, nose, and
throat), skin, cardiovascular system, respiratory
system, gastrointestinal system, nervous sys-
tem, and other.

Effect parameters: BPI [24]; DASS-21 [25]; ISI
[26] (the seven-item ISI plus two additional
questions: ‘‘How would you rate your sleep
quality in the last week?’’ and ‘‘How many hours
sleep have you had for the past week?’’); Self-
reported opioid and pain medication use—at
each visit participants were asked to report all
medications used including analgesia. There
was no instruction for participants to try to
reduce their analgesia.

RESULTS

Participants

Nine participants were recruited into the study,
two at the public hospital and seven at the
community clinic. Table 1 describes participant
characteristics at baseline.

Participants were predominantly male (7/9).
Mean age was 58.1 years (standard deviation
[SD] = 6.2). Mean OMEDD was 92.7 mg per day
(range 60–160 mg). Participants had a range of
physical comorbidities and polypharmacy. Six
participants reported past cannabis use and one
participant reported current cannabis use (in
the last 3 months). All participants reported no
cannabis use in the last month and returned
negative urine drug screens for cannabis. Four
participants reported current benzodiazepine
use: three ceased use prior to study medication
commencement, and one required further
instruction at day 8 regarding the need to cease
use of benzodiazepines during the trial.

Of the nine participants enrolled, seven
(77.8%) completed the trial and two (22.2%)
discontinued before completion. One was
deemed lost to follow-up at day 22 after failing
to attend day 29 visit and the other discontin-
ued study medication on day 13 because of
post-traumatic stress disorder (PTSD)-related
symptoms (participant was discontinued from
the study at their day 15 visit).
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Table 1 Summary of participant characteristics at baseline

Characteristic Category/descriptive statistic Participants

Gender Female/male (n, %) 2 (22.2)/7 (77.8)

Age (years) Mean (standard deviation) 58.1 (6.2)

OMEDD (mg/day) Mean (standard deviation) 92.7 (32.1)

Range (minimum–maximum) 60–160

Substance usea Ever used (n, %) Current useb (n, %)

Alcohol 9 (100) 6 (66.7)

Tobacco 7 (77.8) 1 (11.1)

Cannabis 6 (66.7) 1 (11.1)

Prescription opiates

Oxycodone 5 (55.6) 2 (22.2)

Buprenorphine patch 2 (22.2) 2 (22.2)

Tramadol 5 (55.6) 5 (55.6)

Tapentadol 3 (33.3) 3 (33.3)

Oxycodone/naloxone 1 (11.1) 1 (11.1)

Paracetamol/codeine 2 (22.2) 2 (22.2)

Morphine 1 (11.1) 0

Benzodiazepines

Diazepam 5 (55.6) 3 (33.3)

Lorazepam 2 (22.2) 1 (11.1)

Other/concomitant
medicationsc

Medication Number of
participants

Medication Number of
participants

Allopurinol 1 Levothyroxine 2

Amitriptyline 1 Lorazepam 1

Amlodipine 1 Lurasidone 1

Amlopidine/telmisartan 1 Metformin 2

Amlopidine/valsartan 2 Mirtazapine 1

Amoxicillin clavulanate 1 Moduretic 1

Aspirin 2 Movicol 2

Atenolol 1 Olmesartan medoxomil 1

Azelastine 1 Omeprazole 1

Baclofen 1 Oxycodone/naloxone 1

Beconase 1 Pantoprazole 1

Budesonide-formoterol 1 Paracetamol 3
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Pharmacokinetic Study

The mean concentration time data for all sub-
jects is shown in Fig. 1. There was no detection
of any analytes before treatment at the 2.5 mg
dose on day 1 or day 8. Measurable concentra-
tions of the COOH-THC metabolite were
detectable in all subjects, in the pre-adminis-
tration of ZTL-103 sample on days 15, 22, and
29.

In general the concentration of THC, OH-
THC, COOH-THC, and CBD increased until 2 h
after the administration of ZTL-103 and then
started to decline. There was also an increase in
the concentration of each analyte with
increasing dose of ZTL-103.

Pharmacokinetic parameters: Pharmacoki-
netic data is summarised in Table 2. There was
significant inter-subject variability in all the
parameters ranging between 30% and 80%. The
Cmax was quite low for THC (0.83 ng/mL) and
CBD (0.62 ng/mL) at the 2.5 mg dose of ZTL-
103, with values only just above the limit of
quantitation. The Cmax of the metabolites OH-
THC (1.80 ng/mL) and COOH-THC (9.49 ng/
mL) was higher than the parent THC at the
2.5 mg dose of ZTL-103. The Tmax for all ana-
lytes was generally around 2 h. At the 2.5 mg
dose of ZTL-103 the AUC0–8 for THC was 2 ng/
mL 9 h and 1.76 ng/mL 9 h for CBD. The
metabolites produced a higher AUC0–8 of

Table 1 continued

Other/concomitant
medicationsc

Medication Number of
participants

Medication Number of
participants

Ciprofloxacin 1 Perindopril 2

Clonidine 2 Prazosin 1

Cortisone injection 1 Pregabalin 5

Cyproheptadine 1 Probenecid 1

Desvenlafaxine 1 Pseudoephedrine 1

Diazepam 1 Rosuvastatin 2

Domperidone 1 Salbuterol 1

Duloxetine 5 Seretide 1

Esomeprazole 3 Sertraline 1

Estrogen 1 Sildenafil 1

Exenatide 1 Testosterone 1

Ezetimibe/simvastatin 1 Tiotropium 1

Fenofibrate 1 Valsartan 1

Gliclazide 1 Vitamin D 1

Indapamide 1

OMEDD oral morphine equivalent daily dose
aMultiple prescribed and non-prescribed substances
bCurrent use refers to substance use within the 3 months prior to baseline. Note, the one participant reporting current
cannabis use stated no cannabis use in the last month. This participant, along with five other participants reporting ‘ever
used’ cannabis, all returned negative urine drug screens for cannabis at baseline
cMedications used whilst on the trial. Multiple medications for each participant
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1.89 ng/mL 9 h for OH-THC and 40.7 ng/mL 9

h for COOH-THC.
All analytes had a linear increase in both

Cmax and AUC0–8 (Table 2, Fig. 2) with no evi-
dence of dose saturation.

Fed vs. fasted: On day 1 the subjects received
2.5 mg of ZTL-103 after a 12-h fast, while on day
8 the subjects received a high fat (approxi-
mately 60 g) meal 30 min before the 2.5 mg of
ZTL-103. The presence of the high fat meal
(Table 2) significantly increased Cmax and
AUC0–8 (Fig. 3) for THC and CBD, with t1/2

being unchanged. For THC, Cmax increased
from 0.83 ng/mL to 1.52 ng/mL (p\0.01) and

AUC0–8 from 2.00 to 5.86 ng/mL 9 h (p\0.01).
For CBD;,Cmax increased from 0.62 to 0.99 ng/
mL (p\0.01) and AUC0–8 from 1.76 to 3.67 ng/
mL 9 h (p\ 0.05). Although there was no sta-
tistical change in Tmax there was a tendency for
the fed 2.5 mg dose to have a longer time to
Cmax. Although the parent compound THC had
an increase in both Cmax and AUC0–8, the
metabolites both had significant decreases in
Cmax and no change in AUC0–8. For OH-THC,
Cmax went from 1.80 to 1.28 ng/mL (p\ 0.05)
and AUC0–8 from 4.89 to 4.92 ng/mL 9 h; for
COOH-THC, Cmax went from 9.49 ng/mL to
6.29 ng/mL (p\0.05) and AUC0–8 from 40.7 to

Fig. 1 Mean concentration time profile for all subjects by dose of ZTL-103 and analytes. Error bars are standard deviation
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Table 2 Summary of pharmacokinetic parameters for ZTL-103

Analyte ZTL-103 average – SD (N)

2.5 mg 2.5 mg fed GMRa (95%
CI)

5 mg 7.5 mg 12.5 mg

THC

Cmax (ng/mL) 0.83 ± 0.29

(9)

1.52 ± 0.55

(9)

1.8 (1.1–2.8) 2.56 ± 1.70

(8)

3.84 ± 1.62

(7)

7.74 ± 5.14

(7)

Tmax (h) 1.67 ± 1.09

(9)

2.78 ± 1.20

(9)

2.06 ± 1.32

(8)

1.36 ± 0.63

(7)

2.14 ± 0.90

(7)

AUC0–8 (ng/mL 9

h)

2.00 ± 1.38

(9)

5.86 ± 2.07

(9)

3.4 (1.9–5.9) 6.04 ± 2.07

(8)

10.6 ± 3.84

(7)

19.4 ± 9.62

(7)

t1/2 (h) 2.60 ± 0.53

(4)

2.63 ± 0.43

(4)

2.47 ± 0.88

(6)

2.41 ± 0.62

(7)

3.40 ± 2.70

(6)

OH-THC

Cmax (ng/mL) 1.80 ± 0.83

(9)

1.28 ± 0.51

(9)

0.7 (0.6–0.9) 3.79 ± 1.79

(8)

6.37 ± 2.67

(7)

11.7 ± 7.97

(7)

Tmax (h) 1.89 ± 0.93

(9)

2.78 ± 1.20

(9)

2.13 ± 1.25

(8)

1.57 ± 0.53

(7)

2.14 ± 0.90

(7)

AUC0–8 (ng/mL 9

h)

4.89 ± 2.40

(9)

4.92 ± 2.05

(9)

1.1 (0.8–1.3) 10.9 ± 3.54

(8)

20.6 ± 8.61

(7)

35.0 ± 16.2

(7)

t1/2 (h) 2.57 ± 0.90

(6)

6.20 ± 5.55

(4)

2.80 ± 0.56

(5)

2.70 ± 0.49

(7)

3.40 ± 1.74

(6)

COOH-THC

Cmax (ng/mL) 9.49 ± 4.55

(9)

6.29 ± 1.91

(9)

0.7 (0.5–0.9) 24.3 ± 9.45

(8)

42.8 ± 13.3

(7)

66.4 ± 26.2

(7)

Tmax (h) 2.00 ± 0.87

(9)

4.00 ± 1.73

(9)

2.25 ± 1.16

(8)

2.14 ± 0.90

(7)

3.00 ± 2.38

(7)

AUC0–8 (ng/mL 9

h)

40.7 ± 22.8

(9)

31.4 ± 11.2

(9)

0.8 (0.6–1.0) 118 ± 32.8

(8)

231 ± 83.3

(7)

343 ± 126

(7)

t1/2 (h) 4.00 ± 1.24

(8)

4.02 ± 0.07

(2)

2.47 ± 0.88

(6)

5.85 ± 1.71

(6)

5.46 ± 1.44

(5)

CBD

Cmax (ng/mL) 0.62 ± 0.19

(9)

0.99 ± 0.45

(9)

1.5 (1.0–2.3) 1.51 ± 0.55

(8)

2.26 ± 0.95

(7)

4.53 ± 2.82

(7)

Tmax (h) 1.83 ± 1.00

(9)

2.78 ± 1.20

(9)

1.75 ± 1.04

(8)

1.64 ± 1.18

(7)

2.29 ± 1.25

(7)

AUC0–8 (ng/mL 9

h)

1.76 ± 0.84

(9)

3.67 ± 1.57

(9)

2.1 (1.4–3.4) 5.09 ± 1.80

(8)

7.47 ± 2.95

(7)

13.3 ± 6.67

(7)
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34.1 ng/mL 9 h. There was a significant delay in
the Tmax for both OH-THC (p\0.05) and
COOH-THC (p\0.01), and this delay in Tmax

meant that it was not possible to determine t1/2

for many of the subjects.

Safety Parameters

Adverse events (AE): Eight participants (88.9%)
reported at least one AE. A total of 62 AEs

occurred in these eight participants throughout
the study. None of these events were classified
as severe. Four events were classified as moder-
ate severity (back pain, confusional state, pain
in extremity [left arm], and neck pain). The
remaining 58 AEs were classified as mild
severity.

No SAEs were reported. Seven of the eight
participants (87.5%) reported at least one AE
that was considered by the site investigator to
be related to the study medication, including

Table 2 continued

Analyte ZTL-103 average – SD (N)

2.5 mg 2.5 mg fed GMRa (95%
CI)

5 mg 7.5 mg 12.5 mg

t1/2 (h) 4.25 ± 0.54

(4)

2.95 ± 0.66

(4)

4.54 ± 2.41

(7)

3.47 ± 0.86

(6)

3.56 ± 2.37

(6)

aGeometric mean ratio of fed v fasted

Fig. 2 Dose response for AUC of ZTL-103 (top row) and Cmax (bottom row); the graphs on the left have THC, OH-
THC, and CBD, and the graph on the right shows COOH-THC. Error bars are standard deviation
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ratings of definitely related, probably related, or
possibly related (Table 3). Of all AEs, 30 in total
were considered to be study medication-related
(48.4%, 30 of 62). The most frequently occur-
ring study medication-related AE was ‘‘feeling
high’’ (20.0%, 6 of 30), which occurred during
the stages of higher dosing (especially a total
daily dose of 15 mg THC/15 mg CBD); followed
by headache (16.7%, 5 of 30), occurring at most
stages throughout the study.

Of the 30 AEs considered to be study medi-
cation-related, nine (30%) were unresolved.
They included dizziness, nausea, headache,
insomnia, increased appetite, dry mouth, agi-
tation, and lethargy. Of the 21 AEs that had a
stop date during the trial, 17 stopped the same
day the event started.

Oral dosing of the study medication was well
tolerated. Two participants experienced ‘dry
mouth’ events during the study at the higher
dosing stages (stage 3 and 4). These were recor-
ded in the adverse event log, classified as mild
severity.

Physical Examination and Vital Signs

Most participants recorded no changes in gen-
eral appearance and physical condition across
the duration of the study.

No significant changes were observed in
mean temperature, pulse, and respiratory rate
across the duration of the study. From day 1 of

the study, participants showed significant
reductions in mean blood pressure observations
compared to baseline continuing to decline up
to day 29. Mean baseline systolic blood pressure
was 147.0 mmHg (SD = 24.1) and mean dias-
tolic blood pressure was 90.7 mmHg (SD =
12.7). Mean day 29 pre-dose blood pressure was

systolic 127.0 mmHg (SD = 13.5, t(6) = 3.38,
p = 0.015) and diastolic 77.3 mmHg (SD = 6.7,
t(6) = 4.56, p = 0.004). On day 36 (after 7 days
without study medication) mean participant
blood pressure had risen to baseline levels for
both systolic (M = 141.7 mmHg, SD = 26.2,
t(2) = 0.69, p = 0.560) and diastolic
(M = 90.3 mmHg, SD = 7.2, t(2) = 0.79,
p = 0.510).

Secondary Outcomes

Pain: Table 4 shows individual pain scores based
on the BPI over the duration of the study. The
data shows considerable inter-individual vari-
ability. There was no significant change in
mean pain severity throughout the duration of
the trial, according to the BPI. However, from
approximately day 17 there was a consistent
reduction in mean pain interference scores
through to day 30. An increase in mean pain
interference scores was observed from day 31
(after cessation of medication). Aggregated pain
scores are available in Supplementary Material
Fig. 1.

There was no self-reported change, either
increase or decrease, in pain medications for
any participant during the trial.

Mood: Compared to baseline (M = 10.22,
SD = 6.69), mean depression score on the DASS
had dropped significantly at day 8 (M = 7.56,
SD = 6.44, t(8) = 3.88, p = 0.005) and continued
to fall through to day 36 (M = 4.29, SD = 4.11,
t(6) = 4.24, p = 0.005). Mean anxiety scores also
fell significantly by day 15 (M = 5.38, SD = 5.45,
t(7) = 2.95, p = 0.022), as did stress scores by
day 22 (M = 5.75, SD = 4.33, t(7) = 4.33,
p = 0.003) through to day 36 (M = 6.86, SD =
5.73, t(6) = 5.28, p = 0.002) (see Table 5 and

Supplementary Material Fig. 2).
Sleep: Mean scores for clinical insomnia on

the ISI were of moderate severity at baseline

Fig. 3 AUC for all analytes, comparing a 2.5 mg dose of
ZTL-103 with and without food. Error bars are standard
deviation
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Table 3 Number of study medication-related adverse events (n = 30) grouped by System Organ Class (SOC) and preferred
term, then split by dose regime

Event (System Organ Class/
preferred term)

Number Dose regime

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Number of participants with C 1

event

7 of 9

(77.8%)

2 of 9

(22.2%)

2 of 9

(22.2%)

5 of 8

(62.5%)

5 of 8

(62.5%)

2 of 7

(28.6%)

Gastrointestinal disorders

Dry mouth 2 0 0 1 1 0

Nausea 1 0 1 0 0 0

General disorders and administration site conditions

Lethargy 1 0 0 1 0 0

Metabolism and nutrition disorders

Increased appetite 1 0 0 1 0 0

Musculoskeletal and connective tissue disorders

Pain in extremity 1 1 0 0 0 0

Nervous system disorders

Dizziness 2 0 1 1 0 0

Gait disturbance 1 0 0 1 0 0

Headache 5 1 0 1 2 1

Migraine 2 0 0 2 0 0

Sedation 1 1 0 0 0 0

Psychiatric disorders

Abnormal dreams 1 0 0 0 0 1

Agitation 3 0 0 3 0 0

Confusional state 1 0 1 0 0 0

Euphoric Mood 6 0 0 1 4 1

Insomnia 2 0 1 1 0 0

Total 30 3 4 13 7 3

Study medication related = combined categories of definitely related, probably related, and possibly related
Stage 1 = single dose of 2.5 mg THC/2.5 mg CBD followed by a 7-day washout period
Stage 2 = single dose of 2.5 mg THC/2.5 mg CBD followed by high fat meal, then receive a total daily dose of 5 mg THC/
5 mg CBD for 1 week
Stage 3 = single dose of 5 mg THC/5 mg CBD and then receive a total daily dose of 10 mg THC/10 mg CBD for 1 week
Stage 4 = single dose of 7.5 mg THC/7.5 mg CBD and then receive a total daily dose of 15 mg THC/15 mg CBD for
1 week
Stage 5 = single dose of 12.5 mg THC/12.5 mg CBD on 1 day followed by a 7-day washout
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(M = 17.44, SD = 5.75) dropping significantly to
sub-threshold by day 22 (M = 8.93, SD = 4.05,
t(6) = 5.41, p = 0.002), whilst sleep quality
improved significantly from not really satisfac-
tory (M = 3.22, SD = 0.83) to somewhat satis-
factory by day 22 (M = 2.00, SD = 1.07,
t(7) = 3.21, p = 0.015) (see Supplementary
Material Fig. 3).

Self-reported total hours of sleep in the pre-
vious week was 39.11 (SD = 9.28) at baseline,
rising to 52.78 (SD = 13.65) at day 29, then
dropping slightly at day 36 (M = 46.75, SD =
9.91). This increase was not significant (day 29:
t(5) = - 1.73, p = 0.143; day 36:t(3) = - 1.38,
p = 0.260).

Table 4 Individual Brief Pain Inventory (BPI) scores over time

Participant Baseline
(day 0)

Day 1–7
averagea

Day 8–14
averagea

Day 15–21
averagea

Day 22–28
averagea

Day 29–35
averagea

Day 36

BPI severity scores

1 5.00 6.93 5.79 4.79 4.57 4.36 6.25

2 4.75 5.07 4.75 3.64 1.71 3.21 5.75

3 7.50 7.46 6.82 6.25 5.86 7.14 7.00

4 5.25 6.00 6.42 5.18 5.32 7.89 8.00

5 8.00 6.36 7.32 4.64 5.38 NR NR

6 4.75 4.75 4.11 4.20 4.50 4.11 4.00

7 6.00 6.29 4.77 NR NR NR NR

8 5.00 3.86 3.61 3.36 3.93 3.89 2.50

9 3.50 4.32 4.43 4.46 4.46 4.80 4.63

Mean

(SD)

5.53 (1.42) 5.67 (1.23) 5.33 (1.30) 4.56 (0.90) 4.47 (1.27) 5.06 (1.76) 5.45

(1.88)

BPI interference scores

1 4.67 5.02 2.93 2.62 2.88 4.00 5.33

2 4.71 4.69 5.47 4.86 1.80 3.14 4.29

3 9.14 8.67 7.78 7.12 6.45 7.02 8.00

4 6.29 4.61 5.71 5.04 4.06 4.35 4.71

5 4.29 2.67 2.78 1.20 1.14 NR NR

6 3.57 3.71 2.92 3.12 3.41 2.67 2.43

7 8.43 6.04 4.18 NR NR NR NR

8 7.86 6.67 5.45 4.47 5.06 5.43 4.00

9 6.71 7.08 7.33 7.30 7.58 7.62 7.43

Mean

(SD)

6.19 (1.99) 5.47 (1.84) 4.95 (1.88) 4.47 (2.12) 4.05 (2.22) 4.89 (1.89) 5.17

(1.96)

NR not recorded, SD standard deviation
aAverage of the daily BPI scores across each week
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Sleep diary: Compared to week 1 (M = 2.41,
SD = 0.59), perceived sleep onset latency sig-
nificantly improved from week 2 (M = 1.87,
SD = 0.52, t(7) = 2.96, p = 0.021). No significant
change in total sleep time was reported. Sleep
quality ratings were generally unchanged.

DISCUSSION

In this study, THC, OH-THC, COOH-THC, and
CBD were detected in most sampled time
points. The concentrations of THC were gener-
ally higher than the concentrations of CBD.
Both of the metabolites OH-THC (1.1–2.6 times)
and COOH-THC (2.1–37 times) had higher
concentrations than the parent THC at the
equivalent dose and time. There was a linear
dose–response relationship for both Cmax and
AUC0–8, with increasing doses of ZTL-103 for
THC, OH-THC, COOH-THC, and CBD. A high
fat meal 30 min before a dose of ZTL-103 sig-
nificantly increased both Cmax and AUC0–8, for
THC and CBD, but did not increase OH-THC or
COOH-THC. The high fat meal also generally
delayed the Tmax by at least 1 h. The t1/2 did not
change with increasing dose which was 2.5 h for
THC, 2.7 h for OH-THC, 5.0 h for COOH-THC,
and 3.6 h for CBD.

There is limited pharmacokinetic data on
medicinal cannabis formulations. This is even
more relevant to oral formulations of THC/CBD
combinations. Guy and Robson [30] demon-
strated the pharmacokinetics for the sublingual
Sativex�, a 1:1 THC/CBD formulation, as well
as buccal and oral administration at a dose of
10 mg THC/10 mg CBD. They observed a mean
Tmax of around 98 min for CBD, THC, and OH-
THC, and average Cmax of 2.5 ng/mL, 5.5 ng/
mL, and 6.2 ng/mL for CBD, THC, and OH-
THC, respectively. They also showed an average
AUC0–t of 6.8, 13.4, and 25.3 ng/mL 9 h for
CBD, THC, and OH-THC, respectively. Our
results are consistent with Guy and Robson [29],
demonstrating a similar pharmacokinetic pro-
file, similar variation and their data would fit
between our 7.5 mg THC/7.5 mg CBD and
12.5 mg THC/12.5 mg CBD as would be expec-
ted from the linear relationship that we have
observed. Guy and Robson [30] showed a

slightly lower t1/2 of 1.4, 1.8, and 2.1 h for CBD,
THC, and OH-THC compared to ours of around
3 h; this may be due to the increased number of
data points (20 to our 6) used to fit their phar-
macokinetic profile.

In general, the concentration of all analytes
increased until 2 h after administration, then
decreased to approximately pre-dose levels by
8 h. This would support twice daily dosing reg-
imen used in this study. The safety profile of
ZTL-103 is also consistent with that of Sativex�

[30], although the incidence of both euphoria
and headache were higher than has been
observed in other studies. For example, Robson
[31] reported a 2% incidence of euphoria. The
results indicate that this cannabinoid formula-
tion (ZTL-103) is safe and well tolerated at all
dosage levels tested. Significant improvements
in mean participants’ blood pressure was an
unexpected finding which warrants further
investigation. However, there is no evidence
that medicinal cannabis has a positive effect on
cardiovascular health [32]. High between-par-
ticipant variability on pharmacokinetic and
effect parameters supports personalized dosing
and ‘‘start low–go slow titration’’, as recom-
mended by others [33, 34]. In this small sample
size there did not appear to be a relationship
between BMI and AUC for either THC or CBD.
Therefore it is unlikely that BMI is influencing
the inter-individual variability.

This study has a number of limitations. The
study was primarily a pharmacokinetic study
designed to inform dosing in a subsequent RCT.
The design, with a small sample size and lack of
control condition, whilst appropriate for a
pharmacokinetic study, does not provide reli-
able data to address the gaps in our under-
standing of the analgesic or opioid-sparing
effects of cannabinoids. Future trials should
monitor liver enzyme functions as elevated
levels have been observed by others, although at
dosages significantly greater than our study
[35]. Observed improvements in pain interfer-
ence scores, mood, and sleep parameters may
well be attributable to placebo effect. The opi-
oid-sparing effects of ZTL-103 in CNCP should
be investigated as part of a larger randomized
placebo-controlled clinical trial.
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CONCLUSIONS

The evidence base for cannabinoid formula-
tions to treat CNCP is limited by the fact that
medicinal cannabis products have historically
not undergone the same rigorous regulatory
process and developmental safeguards as other
therapeutic goods. This process underpins the
development of guidelines for indications,
dosage, and potential adverse events. Pharma-
cokinetic data are generally obtained from
healthy volunteers but cannot necessarily be
extrapolated to clinical populations with phys-
ical and psychological comorbidities,
polypharmacy, and other vulnerabilities. This
study represents the necessary first step in this
process so that practitioners can prescribe
cannabinoid formulations in patients on high
dose opioids with confidence underpinned by
robust safety and efficacy data.
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