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Abstract

Background and aim: Malnutrition in older patients is linked to poor appe-

tite. Cannabis-based medicine may have orexigenic properties in older

patients, but this has to our knowledge never been investigated. In older

patients, uncertainty applies to the accuracy of estimated glomerular filtration

rate (eGFR) based on creatinine, which is crucial for medication prescribing.

In older patients with poor appetite, the study aims (1) to assess the efficacy of

Sativex® (8.1-mg delta-9-tetrahydrocannabinol [THC] and 7.5-mg cannabidiol

[CBD]) to stimulate appetite and (2) to compare the performance of various

GFR-estimates and measured-GFR (mGFR) for determining gentamicin clear-

ance utilizing population pharmacokinetic (popPK) modelling methods.

Methods and objectives: This study is composed of two substudies. Substudy

1 is an investigator-initiated single-center, double-blinded, randomized, pla-

cebo-controlled, superiority, cross-over study. Substudy 1 will recruit 17 older

patients with poor appetite, who will also be invited to substudy 2. Substudy

2 is a single-dose pharmacokinetics study and will recruit 55 patients. Partici-

pants will receive Sativex® and placebo in substudy 1 and gentamicin with

simultaneous measurements of GFR in substudy 2. The primary endpoints are

as follows: Substudy 1—the difference in energy intake between Sativex® and

placebo conditions; substudy 2— the accuracy of different eGFR equations

Andersen A.L. and Houlind M.B. are sharing last authorship.

For affiliations refer to page 250.

Received: 3 February 2023 Revised: 5 May 2023 Accepted: 7 June 2023

DOI: 10.1111/bcpt.13914

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2023 The Authors. Basic & Clinical Pharmacology & Toxicology published by John Wiley & Sons Ltd on behalf of Nordic Association for the Publication of BCPT (former

Nordic Pharmacological Society).

Basic Clin Pharmacol Toxicol. 2023;133:237–253. wileyonlinelibrary.com/journal/bcpt 237

https://orcid.org/0000-0003-2208-7349
https://orcid.org/0000-0003-4058-3012
mailto:rikke.lundsgaard.nielsen@regionh.dk
http://bridge.ku.dk
https://doi.org/10.1111/bcpt.13914
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/bcpt
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fbcpt.13914&domain=pdf&date_stamp=2023-07-02


No. NNF20SA0064340). Further funding
is still being pursued. The funders do not
take part in or have any influence on the
study design, data collection, statistical
analyses, interpretation of data, or
decisions to submit results. The sponsor/
investigator is Ove Andersen, Professor
and Head of Research at Copenhagen
University Hospital, Amager and
Hvidovre, Denmark. Contact name: Ove
Andersen; Address: Kettegaard Allé
30, Hvidovre, 2730, Denmark; Email: ove.
andersen@regionh.dk; Telephone +45
38623862.

compared to mGFR. The secondary endpoints include safety parameters,

changes in the appetite hormones, total ghrelin and GLP-1 and subjective

appetite sensations, and the creation of popPK models of THC, CBD, and

gentamicin.

KEYWORD S
appetite, cannabis-based medicine, kidney function, older patients, renal risk drugs

1 | INTRODUCTION

1.1 | Older patients with medical illness
and malnutrition

Older patients with medical illness constitute approxi-
mately 45% of all acute admissions in Denmark and are
often characterized by malnutrition and polypharmacy
(≥5 prescribed medications).1–10 Malnutrition is present in
8–33% of these patients and polypharmacy in approxi-
mately 75%.4,5,7–12 Malnutrition is defined as “a state
resulting from lack of intake or uptake of nutrition that
leads to altered body composition (decreased fat free mass)
and body cell mass leading to diminished physical and
mental function and impaired clinical outcome from dis-
ease.”13 Malnutrition is associated with a range of serious
health problems including low quality of life, increased
morbidity, hospital admissions, and mortality.14 Conse-
quently, malnutrition is a considerable societal burden
costing EU governments up to €120 billion per year.15

Anorexia of ageing is a major contributing factor in the
development of malnutrition and is defined by
reduced appetite and/or food intake in old age.14 Anorexia
of ageing is difficult to prevent, advances with age, and is
of multifactorial origin.16 Ageing is associated with
reduced appetite and strength and increased cellular
senescence, mitochondrial dysfunction, and chronic sys-
temic inflammation.17 Degradation of food-derived nutri-
ents are utilized by mitochondria to produce ATP by
oxidative phosphorylation. Both nutrient availability and
functional mitochondria are required for sufficient ATP
supply.18 Malnutrition has been shown to impair mito-
chondrial function and to increase pro-inflammatory cyto-
kines and elevated leukocyte activation.19 Further, older
patients with medical illness are at particularly high risk
of adverse drug reactions due to polypharmacy, variations
in ageing-related physiological changes, comorbidities,
and altered pharmacokinetic and pharmacodynamic
responses to medication.20 Malnutrition and chronic

inflammation can affect pharmacokinetics, with clinically
relevant effects on both lipophilic and hydrophilic (often
renally excreted) medications.20,21 Altogether, there is an
unmet need to treat poor appetite and for a better under-
standing of pharmacokinetics in these patients.

1.2 | The rationale for cannabis-based
medicine as a pharmacological treatment
for poor appetite

A recent review on the current best-practice nutritional
interventions emphasizes that poor appetite poses a formi-
dable challenge to healthcare providers in the manage-
ment of malnutrition among community-dwelling older
adults.22 In patients who fail to respond to nonpharmaco-
logical nutritional interventions, a pharmacological inter-
vention with an orexigenic drug may be indicated.
However, there is currently no appropriate and effective
pharmacological treatment for poor appetite.

Sativex® (cannabis-based medicine) is an oromucosal
spray consisting of 2.7 mg/ml delta-9-tetrahydrocannabinol
(THC) and 2.5 mg/ml cannabidiol (CBD) per spray.
Sativex® is approved in Denmark and several other
European countries for symptomatic relief of moderate to
severe spasticity in multiple sclerosis.23–25 The biological
activity of the cannabinoids, THC and CBD, is conferred
by modulating the endocannabinoid system (ECS).26 The
ECS is a complex cell-signalling system involved in numer-
ous signalling processes such as appetite, digestion, metab-
olism, chronic pain, inflammation, mood, learning,
memory, and motor control.27,28

Reduced secretion of appetite-stimulating hormones
(ghrelin) and increased secretion of appetite suppressant
hormones (glucagon-like peptide 1 [GLP-1]) have been
shown in persons with anorexia of ageing compared to
younger persons.29 Interestingly, Riggs et al. found a posi-
tive association between treatment with cannabis-based
medicine and plasma concentrations of ghrelin in patients
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with HIV.30 Also, Farokhnia et al. reported that in healthy
cannabis users, plasma-GLP-1 concentrations were lower
after administration of cannabis compared to placebo.31

These findings suggest that cannabis-based medicine (e.g.
Sativex®) may possess appetite-stimulating properties
through the modulation of appetite-regulating processes in
the ECS and/or appetite hormone secretion, which could
counteract the effects of anorexia of ageing. For evaluation
of their effects, assessment of the patients’ subjective appe-
tite sensation will be important because of its relevance
regarding food intake.

There are several human studies with cannabis-based
medicines in patients with Alzheimer’s disease/dementia,
cancer, and HIV, and the studies that have investigated
appetite stimulation have shown varying effects.30,32–51

Brisbois et al. showed that THC increased premeal appetite
in cancer patients.50 Dejesus et al. showed that cannabis-
based medicine improved appetite and reversed weight loss
in HIV/AIDS-infected patients.47 Beal et al. showed that
cannabis-based medicine was associated with increased
appetite in patients with AIDS.42 On the contrary, Johnson
et al. and Strasser et al. showed no significant treatment
differences between placebo and cannabis-based medicine
on appetite scores in patients with cancer.48,49

Despite methodological differences with regard to
energy status, dosing schedules, drug administration
methods, and social settings, these studies support that
cannabis-based medicine may increase appetite and pos-
sibly food intake.

To date, no trials have examined the efficacy of
Sativex® as an appetite stimulant and its pharmacoki-
netic profile in older patients with poor appetite. As such,
we propose a study to examine the appetite-stimulating
effect of Sativex® in older patients with poor appetite. As
secondary objectives, we will examine the pharmacoki-
netics parameters of Sativex® and relate them to its phar-
macodynamics. Additionally, we will assess the effects of
Sativex® on the appetite hormones, total ghrelin and
GLP-1, subjective appetite sensation, and safety
parameters.

1.3 | Accurate methods for glomerular
filtration to optimize medication dosing in
older patients

Glomerular filtration rate (GFR) decreases with age, and
this decline can be accelerated further by comorbidities
such as cardiovascular diseases, diabetes, and chronic
inflammation.52 Accurate assessment of GFR is crucial
since approximately 40% of all medications are excreted
renally and require dose adjustment (renal risk medica-
tions) according to GFR.53 Kidney function can be

measured with exogenous tracers such as plasma techne-
tium 99m-labelled diethylenetriaminepentaacetic acid
(99mTc-DTPA [mGFRSTD]) clearance or plasma Iohexol
clearance (mGFRIoh), but these procedures are time-
consuming and expensive. Consequently, a simplified
method for plasma iohexol clearance using blood col-
lected by finger-prick, known as dried blood spot (DBS)
testing (mGFRIoh-DBS), was developed recently. The dried
blood spot method improves patient comfort, simplifies
data analysis, and reducesthe costs. Importantly, it can be
performed at bedside in a patient’s own home, eliminat-
ing the need to visit a specialized facility.54

In clinical practice, GFR is usually estimated based
on the endogenous marker, creatinine, a muscle waste-
product heavily dependent on non-GFR factors such as
sex, age, muscle mass, and nutritional status.55

Therefore, the use of a creatinine-based estimation of
eGFR for prescribing renal risk medications in older
patients with medical illness poses a risk of prescribing
errors due to inaccurate GFR estimates.

Cystatin C, beta-trace protein (BPT), and beta-2 micro-
globulin (B2M) are modern plasma filtration markers less
dependent on the same non-GFR factors as creatinine.56,57

In that context, we have previously demonstrated that
handgrip strength used as a proxy for muscle strength is
associated with differences between creatinine and cystatin
C-based GFR estimates in older hospitalized patients.58

Although cystatin C, B2M, and BPT are considered modern
filtration markers, plasma neutrophil gelatinase-associated
lipocalin (NGAL) and plasma kidney injury molecule-1
(KIM-1) are new early responsive biomarkers for acute kid-
ney injury (AKI) and medication-induced
nephrotoxicity.59–61 Therefore, NGAL and KIM-1 may be
utilized for medication optimization by early identification
of medication-induced nephrotoxicity.

A systematic review by Barreto et al. concluded that
cystatin C-based eGFR was as accurate as or better than
creatinine-based eGFR in predicting clearance of renally
excreted medications.62 Recently, we demonstrated that
equations using the combination of creatinine and cysta-
tin C outperformed estimates based on creatinine alone
compared to mGFRSTD in older patients with and with-
out malnutrition.63 In 2021, Inker and colleagues devel-
oped the four-marker panel eGFR equations based on
creatinine, cystatin C, B2M, and BTP and suggested a
higher performance compared to existing equations.64

For optimizing the dosing of medication in older
patients, we also need knowledge about which method
for assessing kidney function is best when predicting
plasma concentrations for renally excreted medication.
Thus, we propose a study with population pharmacoki-
netic (popPK) modelling of gentamicin as a model com-
pound for an exclusively renally excreted medication to
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determine which measured or estimated GFR best
explains inter-individual variability of gentamicin-
clearance. Additionally, we wish to compare the predic-
tive value of eGFR to mGFR in relation to gentamicin-
clearance and study how gentamicin affects NGAL and
KIM-1.

2 | OBJECTIVES

The primary objective is twofold and aims to determine
(1) whether Sativex®, as an appetite-stimulant, is superior
to placebo in improving energy intake and (2) to compare
the performance of various GFR-estimates and mGFR for
determining gentamicin clearance utilizing popPK model-
ling methods.

The secondary objectives in substudy 1 are to (1) deter-
mine to what extent age, body weight, body composition,
and mGFR/eGFR (from substudy 2) as covariates affect
popPK modelling of CBD and THC; (2) measure the differ-
ence in subjective appetite between Sativex® and placebo;
(3) measure the difference in plasma concentrations of the
appetite hormones total ghrelin and GLP-1 between
Sativex® and placebo; (4) investigate the difference in safety
parameters between Sativex® and placebo.

The secondary objectives in substudy 2 include the
assessment of (1) the correlation coefficient between the
clearance of gentamicin and the clearance determined as
mGFR or eGFR and (2) the changes in kidney bio-
markers between baseline and the day after administra-
tion of gentamicin.

3 | METHODS

3.1 | Study design

This study is composed of two substudies, where partici-
pants in substudy 1 are offered participation in substudy
2. The linkage between substudy 1 and 2 is, besides
including the same patient population, the incorporation
of patients’ GFR and body composition measurements as
covariates in both substudies’ pharmacokinetic models.
Both studies follow the ICH E6 (R2) Guideline for Good
Clinical Practice (GCP) and are approved and monitored
accordingly (see Table S1).65 The study is reported in
accordance with the SPIRIT guideline.66

3.1.1 | Substudy 1

Substudy 1 is an investigator-initiated single-center, dou-
ble-blinded, randomized, placebo-controlled, superiority,

cross-over study. Participants will be randomized to
receive either Sativex® followed by placebo, or placebo
followed by Sativex®.

3.1.2 | Substudy 2

Substudy 2 is a single-dose pharmacokinetics study of
gentamicin as a model compound for a renally excreted
medication. The GFR measurement from substudy 2 will
be used in substudy 1 to provide basic knowledge about
whether THC and CBD concentrations are affected by
kidney function.

3.2 | Setting

Participants are recruited at the Emergency Department
(ED) of Copenhagen University Hospital, Hvidovre, The
Capital Region of Denmark. The ED has a 29-bed medi-
cal ward, handling all acute medical admissions, and a
separate emergency room (ER) handling injuries and
traumas. Trial days in substudy 1 are performed at the
Zelo Phase 1 Unit at Copenhagen University Hospital,
Bispebjerg, The Capital Region of Denmark. The Zelo
Phase 1 Unit is responsible for medicine administration
and registration, in concordance with GCP, as well as
other trial–related tasks in substudy 1. The trial day in
substudy 2 is performed at the Department of Clinical
Physiology and Nuclear Medicine, Center for Functional
Diagnostic Imaging and Research, Copenhagen Univer-
sity Hospital, Hvidovre, The Capital Region of Denmark.

3.3 | Eligibility criteria

All inclusion and exclusion criteria are listed in Table 1.
The investigator may at any time exclude a participant if
the participant’s health status deteriorates or if a partici-
pant refuses to participate in study procedures.

3.4 | Recruitment

Trained trial staff including physicians will assess
patients for eligibility based on a randomly ordered list of
all patients admitted to the ED. If the investigator deems
them suitable for the trial, the trial staff will approach
potential participants during their stay at the ED. The
trial staff will inform potential participants about the trial
and a reflection period of 24 h is offered. If the potential
participants wish to participate, a written informed con-
sent is collected. After receiving written informed
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consent, the potential participants will be prescreened in
relation to poor appetite, and body mass index (BMI).
Those who are still eligible after completing the prescre-
ening are included in the study. The test days will be
scheduled when baseline data are collected and will take
place after the participants have been discharged from
the hospital. A screening log will document all eligible
patients that have been approached in the study includ-
ing those who decline to participate.

All participants in substudy 1 are offered participation
in substudy 2. To reach inclusion goals for substudy
2, additional participants will be included separately.

3.5 | Intervention

For an overview of substudy 1 and 2, see Figure 1.
In substudy 1, we will administer the approved

cannabis-based medicine, Sativex®, and placebo (Table 2).

3.5.1 | Substudy 1

Participants will be scheduled to receive Sativex® and pla-
cebo on two separate test days with a two-week wash-out
period in between. Sativex® is administered as an oromuco-
sal spray in doses of 3 sprays per administration (8.1 mg
THC and 7.5 mg CBD per dose).23 The placebo consists of
an alcohol base with peppermint and quinine flavouring
mimicking the taste of Sativex®. It is an oromucosal spray
identical in appearance, taste, and viscosity to that of
Sativex® manufactured by the Capital Region Pharmacy,
Denmark. Both Sativex® and placebo will be labelled by the
Capital Region Pharmacy, Denmark. Participants are asked
not to touch their oromucosal surface for the first 15 min
after administration. Sativex® and placebo are administered
by trial staff to ensure adherence to the intervention proto-
col and minimize the risk of unintentional overdosing.

3.5.2 | Substudy 2

In substudy 2, Hexamycin®, which contains gentamicin in
a 40 mg/ml solution, will be administered according to body
weight as measured on the morning of the test day. A dose
corresponding to 5 mg/kg Hexamycin® is administered
intravenously through a peripheral intravenous catheter.

Information on the administered doses in both sub-
studies will be registered in the overall and individual
medication registration documents. Adherence to all
other measures is secured by members of the trial staff
who initiate and complete all measurements.

3.6 | Outcomes

Primary and secondary outcomes for substudy 1 and sub-
study 2 are described in Tables 3 and 4, respectively.

Descriptive variables are described in Table 5 and
include body composition, nutritional parameters, renal
function, and handgrip strength, as well as inflammatory
and cellular measures. Measures of chronic inflammation,

TAB L E 1 Inclusion and exclusion criteria.

Inclusion criteria
– ≥65 years
– Admitted to the Emergency Department of Copenhagen

University Hospital, Hvidovre
– Ability to read, understand and speak Danish
– Ability to cooperate cognitively and physically (e.g. no

dementia or unconsciousness and ambulatory)
– Poor appetite, defined as a SNAQ score ≤14
– BMI ≤ 30
– Post-menopausal (defined as absent period for at least

12 months)

Exclusion criteria
– Regular use of cannabis
– Use of cannabis within 2 weeks at baseline
– Diagnosed or suspected psychotic disease, or a family

history of diagnosed or suspected psychotic disease
– Severe personality disorders
– Significant psychiatric disorder beyond mild to moderate

depression
– Allergy to any ingredient in Sativex®, placebo, and

Hexamycin
– Terminal illness
– Active cancer treatment or disseminated cancer
– Known tumour in the brain or the kidneys
– Hepatic transplant
– Chronic eGFR ≤15 ml/min2 or in dialysis treatment
– High risk of nephrotoxicity due to existing drug treatment
– Pacemaker
– Epilepsy
– Reoccurring convulsions
– Poorly controlled hypertension
– Angina pectoris or intermittent claudication
– Stroke, AMI or heart failure (NYHA class 3-4) within the

past 5 years
– Food intolerance to any ingredient in the test meals
– Vegan
– Unwilling to avoid driving for up to 72 h after

administration of Sativex®/Placebo
– Unwilling to avoid alcohol for 24 h up to the test days
– Ascites
– Significant oedema on test days
– In isolation room stay
– Observation for covid-19

Abbreviations: AMI, acute myocardial infarction; eGFR, estimated
glomerular filtration rate; NYHA, New York Heart Association; SNAQ,
Simplified Nutritional Appetite Questionnaire.
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F I GURE 1 Overview of the study. (A) The timepoint of the first administration of Sativex®/placebo; (B) the timepoint for ended

breakfast meal; (C) the timepoint of the second administration of Sativex®/placebo; TD1: test day 1; FW1: follow-up day 1; FW2: follow-up

day 2; FW7: follow-up day 7; TD2: test day 2; TD3:test day 3.

242 NIELSEN ET AL.
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cellular senescence, and mitochondrial function are all hall-
marks of ageing, and will be used for characterization of
biological ageing in this patient group.17

3.7 | Sample size determination

3.7.1 | Substudy 1

To detect a clinically relevant difference of 500 kJ in
energy intake between Sativex® and placebo, a total of
17 participants is needed. The clinically relevant differ-
ence is based on a trial on the effect of individualized
nutritional support compared to control. The trial
showed benefits from higher energy intake (1213 kJ a
day) in the intervention group compared with the control
group.67 Therefore, we considered an increase of 500 kJ
during one meal to be clinically relevant. The sample size
calculation is based on a paired t test with a power of
80%, a significance level of 5%, and a standard deviation
(SD) of 690 kJ. The SD is derived from a sample size esti-
mate listed by Gregersen et al.68

3.7.2 | Substudy 2

Substudy 2 is a popPK study and therefore there is no
sample size calculation. We aim to recruit 55 participants
to conduct the popPK modelling with different covariates.

3.8 | Participant timeline

The duration of baseline data collection is estimated to
last an hour.

3.8.1 | Substudy 1

Substudy 1 consists of two test days (TD1 and TD2) sepa-
rated by a two-week wash-out period, with a follow-up
phone call on day one after TD1 as well as TD2. If side
effects are reported during this phone call another phone

call will be made on day two after TD1 and TD2. If side
effects are reported during this phone call another phone
call will be made on day seven after TD1 and TD2. TD1
and TD2 each last for approximately 6 h.

3.8.2 | Substudy 2

Substudy 2 consists of one test day (TD3) with a follow-
up visit on day one after TD3. If creatinine is elevated on
this visit, another visit will be arranged 2 days after TD3.
TD3 lasts for 8 h. See Figure 1 for an overview of the test
days and Figure S1 for an example of timepoints and
activities of TD1 and TD2.

3.9 | Randomization

3.9.1 | Substudy 1

After written informed consent is obtained and eligibility
is confirmed by the investigator, participants will be ran-
domly assigned to the sequence of Sativex® and placebo.
The double-blinding in this study ensures that neither
the participants nor the staff administering the investiga-
tional drugs and collecting the data will be aware of the
sequence of Sativex® and placebo.

A statistician, who is not associated with the study, will
generate a randomization schedule using the statistical soft-
ware R. This schedule contains ID-numbers and their corre-
sponding sequence of Sativex® and placebo. On a secure
drive, each ID-number is given a separate folder, each with
a unique password. These passwords are kept and adminis-
tered by the statistician. Additionally, the Capital Region
Pharmacy has access to the randomization schedule to be
able to pack and label the investigational drugs accordingly.
Further, the responsible physician can be granted access to
the sequence of Sativex® and placebo in cases of adverse
events (AE’s). At the end of data analysis, the dataset will
be unblinded. ID–number and sequence of Sativex® and
placebo will be registered in the study-log placed on a
secure drive which only the statistician can access.

3.9.2 | Substudy 2

Randomization and blinding are not relevant.

3.10 | Data collection methods

The methods and time points for data collection are
described in Tables 3–5. Data collection for each patient is

TAB L E 2 Dosing regimen for substudy 1. A single spray of

Sativex® contains 2.7/2.5 mg THC/CBD.

Dosing
regimen
(n = 17)

Experimental
treatment (Sativex®)

Placebo
treatment

Morning 3 sprays 3 sprays

Lunch 3 sprays 3 sprays

Accumulated 6 sprays 6 sprays
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TAB L E 3 Overview of outcomes, assessment methods, and time points for substudy 1.

Variable Assessment

Timepoint reported as
‘baseline’ or in minutes
after A, B and/or C.

Primary outcome

The difference in energy intake between
Sativex® and placebo

The difference between energy intake (kJ) from an ad
libitum test meal (lunch and dessert) on test day 1
(TD1) and test day 2 (TD2) is compared by weighing
the meals (with known energy content) before and
after serving. At TD1, participants can choose
between two and three different test meals for lunch
and dessert respectively together with one cup of
coffee/tea with/without milk and/or sugar. The test
meal will be served 25 min after the second
administration of Sativex®/placebo. The choice of test
meal at TD1 will be applied for TD2.

The participants can drink water ad libitum during TD1,
but their intake on TD2 will be pursued identical to
TD1 on amount and time of consumption. However,
all participants are served one scheduled glass of
water for lunch.

A: 270–295

Secondary outcomes

Population pharmacokinetic parameters
of THC, CBD and covariates
explaining inter-individual variability

A population (pop) pharmacokinetic (PK) model will be
developed for THC and CBD using serum
concentrations over time measured from collected
blood samples to characterize their respective
pharmacokinetics and derive relevant PK parameters
and identify inter-individual variability for this
patient group. Potential covariates of interest will be
identified and implemented on relevant PK
parameters in the model in a covariate analysis,
depending on the final form of the popPK model. The
link between PK and pharmacodynamics (PD) will be
characterized by the development of a popPK/PD
model. The development of the popPK/PD model will
be carried out in NONNEM (version 7,5 or newer;
ICON Plc) and PopED.

Blood samples are collected in nonadditive tubes and left
for coagulation for min. 45 min at room temperature
and then centrifuged. Ascorbic acid is added to the
aliquoted serum to enhance stability and the samples
are frozen at �80�C until analysis with Ultra-high
performance liquid chromatography and tandem
mass spectrometry (UHPLC-MS/MS). Following
components will be quantitatively determined:
Δ9-tetrahydrocannabinol (THC), 11-hydroxy-Δ9-
tetrahydrocannabinol (THC-OH), Cannabidiol (CBD)
and 11-nor-9-carboxy-Δ9-tetrahydrocannabinol
(THC-COOH). Analysis will be performed at the
Department of Clinical Biochemistry, North
Denmark Regional Hospital.

Baseline + A: 15, 30, 75, 90,
150, 195, 240, 330, and
360

Appetite hormones The difference in the appetite hormones, total ghrelin
and GLP-1, between Sativex®/placebo will be
measured before and after the consumption of a
breakfast meal (125 ml Nutridrink Compact: 1255 kJ,
12 g protein). The breakfast meal is served 25 min
after the first administration of Sativex®/placebo and
must be finished within 15 min. The blood samples

Baseline + B: 15, 30, 45, 60,
90, 120, 180
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performed by the same trial staff whenever possible and
follows standard operating procedures to minimize varia-
tion. The study coordinators RLN, MBH, OB, and IKS will
train and supervise the trial staff in data collection.

3.11 | Data management

All study-related information will be recorded, handled,
and stored properly to allow for accurate trial reporting.

TAB L E 3 (Continued)

Variable Assessment

Timepoint reported as
‘baseline’ or in minutes
after A, B and/or C.

are collected in cooled EDTA tubes, which are
immediately transferred to storage on ice and then
centrifuged at 4�C. The samples are frozen at �80�C
until analysis. Total ghrelin is measured with enzyme
linked immunosorbent assay (ELISA) (Millipore) and
GLP1 is measured with radioimmunoassay. The
appetite hormones will be analysed at the
Department of Biomedical Sciences, Faculty of
Health and Medical Sciences, University of
Copenhagen, Denmark.

Subjective appetite 100-mm standardized numerical Visual Analogue Scales
(VAS) are used to measure the difference in
subjective appetite between Sativex®/placebo. The
subjects assess their appetite, by replying to five
questions about hunger, desire to eat, satiety, future
food intake, and satisfaction. A combined appetite
score is calculated based on the five questions in
accordance with Chaput et al.70

Baseline + A: 15, 60, 90, 120,
180, and 240 + C: 15, 60,
and 90

Safety parameters

Side effects We will monitor differences in side effects between
Sativex® and placebo. To collect data on the most
common side effects of Sativex® (fatigue, dizziness,
nausea, and euphoria), we will use 100-mm
standardized numerical VAS.

Baseline + A: 15, 60, 90, 120,
180, and 240 + C: 15, 60,
and 90

Intraocular effects Changes in the intraocular pressure of the eye between
Sativex® and placebo are measured with the iCare
IC100 tonometer as literature discusses that THC and
CBD can decrease intraocular pressure.71,72 A
tonometer measurement is a device-calculated
average of 6 � 3 measurements.

Baseline + A: 75 and 320

Cognition The proportion of participants with affected cognitive
function between Sativex® and placebo is evaluated
using the Hopkins Verbal Learning Test - Revised
(HVLT-R).73 It is a possibility not to perform the
HVLT-R if the participant is too burdened.

Baseline + C: 70

Balance The proportion of participants experiencing a change in
balance after Sativex® and placebo is assessed using
Berg’s Balance Test. Poor balance is defined by a
summated score of ≤45.74 It is a possibility not to
perform Berg’s Balance Test if the participant is too
burdened.

Baseline + C: 25 and 80

Blood pressure and heart rate Changes in blood pressure and heart rate between
Sativex® and placebo are measured in a sitting,
relaxed position with Microlife, BP A3L Comfort,
automatic monitor on the upper arm.

Baseline + A: 15, 60, 90, 120,
180, and 240 + C: 15, 60,
and 90

Note: A: the first administration of Sativex®/placebo, B: consumption of the breakfast meal, C: the second administration of Sativex®/placebo.
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Data will be entered directly into REDCap (Research
Electronic Data Capture, Vanderbilt University,
Nashville, USA), which allows for high security, privacy,

and data quality. In case of data collection using paper
case report forms, these will be double–entered into
REDCap and reviewed for disagreements to ensure data

TAB L E 4 Overview of outcomes, assessment methods, and time points for substudy 2.

Variable Assessment Timepoints

Primary outcome

Population pharmacokinetic
parameters of gentamicin and
covariates explaining inter-
individual variability

A population (pop) pharmacokinetic (PK) model
will be developed for gentamicin using plasma
concentrations over time measured from
collected blood samples to characterise the
pharmacokinetics and derive relevant PK
parameters such as clearance (CL) in this
patient group. In a covariate analysis,
measured glomerular filtration rate (mGFR)
and estimated GFR (eGFR) based on different
biomarkers and equations will be implemented
on relevant PK parameters and compared and
tested for significance based on the objective
function value (OFV). The covariate analysis
will be carried out as appropriate depending
upon the final form of the base model.

Blood samples are collected in EDTA tubes, and
plasma is stored in a biobank at �80�C.
Analysis of gentamicin will be performed with
the Thermo Scientific™ QMS™ Gentamicin
(GENT) immunoassay, a homogeneous
particle-enhanced turbidimetric immunoassay
(CV ≤ 10%) at the Department of Clinical
Biochemistry, Copenhagen University
Hospital, Rigshospitalet, Denmark.

t3 (10, 15, 30, 180, 240, 330, 345,
360 min after administration of
gentamicin) + t4 (22 h after
administration)

Secondary outcomes

Coefficients of correlation between
gentamicin clearance and
estimated or measured GFR

Coefficients of correlation between gentamicin
clearance as estimated by the popPK model for
each individual subject and GFR either
measured (mGFR) or estimated (eGFR) will
give a simple measure of which estimate of
GFR has the strongest correlation to
gentamicin clearance.

t3 + t4

Change in plasma biomarkers for
kidney function between baseline
and 22 h after administration of
gentamicin

Plasma biomarkers for kidney function (creatinine
and cystatin C) and kidney damage (neutrophil
gelatinase-associated lipocalin (NGAL) and
kidney injury molecule-1 (KIM-1)) will be
measured from blood samples at baseline on
test day 3 and on the follow-up visit on day 1
after the test day.

The Department of Clinical Biochemistry,
Copenhagen University Hospital,
Rigshospitalet, Denmark, will perform the
analysis of creatinine and cystatin C after
internationally validated assays. NGAL and
KIM-1 will be measured with ELISA at
Department for Clinical Research, Copenhagen
University Hospital, Hvidovre, Denmark.

t3 + t4

Note: Timepoints: Test day 3: t3; follow-up day 1: t4.
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TAB L E 5 Overview of descriptive variables, assessment methods and time points for substudy 1 and substudy 2.

Variable Assessment Timepoint

Descriptive variables

Participant characteristics Participant characteristics are based on self-report, measurements by trial staff, or from
the medical journal and include: sex, age, smoking status, alcohol consumption,
previous use of cannabis, civil status, living condition, body weight, diagnoses,
medication, and drug–drug interactions.

t0

Body composition Total and segmented lean body mass and bone mineral content is measured with whole-
body Dual-energy X-ray Absorptiometry (DXA) (GE Lunar Prodigy Primo, GE
Healthcare Technologies, Madison, Wisconsin, US). DXA-scan is a validated method
to assess body composition.75 DXA–scan is only performed on t3

Total and segmented body fat, fat free mass, soft lean mass, bone mineral content and
intra and extracellular water is measured using Bioelectrical Impedance Analysis
performed with InBody S10.76 Information on fasting, physical activity and urination
are collected prior to the measurement.

t0, t1; t2; t3

Food intake discomforts Discomforts related to food intake is assessed using the Eating Symptom Questionnaire
(ESQ).77

t0, t1; t2

Nutritional status Nutritional Status is assessed with Nutritional Risk Screening-2002. It consists of a
primary screening with four yes/no questions. If one answer is yes, the secondary
screening which evaluates the degree of illness and malnutrition is performed.78

t0, t1; t2

Appetite The Simplified Nutritional Appetite Questionnaire (SNAQ) is used to assess appetite. It
identifies persons with anorexia and risk of weight loss by asking four questions on
appetite, fullness, taste, and number of daily meals.79

t0, t1; t2

THC in urine THC is measured in a morning urine sample using a one-step Immunochromatographic
Assay for the Detection of THC in urine (NanoSticka® THC). The measurement is
performed to exclude participants who have used cannabis prior to the test days.

t1; t2

eGFR Estimated kidney function (eGFR) by equations using either a panel of biomarkers
(CKDEPIpanel

64 and FASpanel
56), a combination of creatinine and cystatin C

(2012-CKDEPIcomb,
80 2021-CKDEPIcomb,

57 and FAScomb
56) or creatinine alone (CG,62

MDRD,81 2009-CKDEPI,82 2021-CKDEPI,57 FAS,56 and EKFC83).

t3

mGFR Measured kidney function (mGFR) determined by 99mTechnetium-
diethylenetriaminepentaacetic acid (99mTc-DTPA) (mGFRSTD) and/or Iohexol plasma
clearance by dried blood spot (mGFRDBS).

mGFRSTD is determined by single-injection plasma clearance of 99mTc-DTPA. In short,
20 MBq of 99mTc-DTPA is injected intravenously, and samples are collected from
venous blood at 180, 200, 220, and 240 min after injection for patients with eGFR
>30 ml/min, or 180, 210, 240, 270, and 300 min after injection for patients with eGFR
≤30 ml/min.

mGFRIoh and mGFRDBS is determined by single-injection plasma clearance of Iohexol. In
short, 5.0 ml (Omnipaque® 300 iodine/mL, GE Healthcare) is injected intravenously.
mGFRIoh: Plasma EDTA tubes are used for the collection of plasma samples.
mGFRDBS: A volume of 2 � 10 μl (duplicate sample) finger-prick blood is collected
with a capillary pipette and deposited on filter paper to each time point. mGFRIoh and
mGFRDBS samples are collected 120, 150, 180, 210, and 240 min after injection for
patients with eGFR >60 ml/min/1.73m2, or 120 180, 240, 300, and 360 after injection
for patients with eGFR 59–30 ml/min/1.73m2, or 120 180, 240, 300, 360, 420, and 480
after injection for patients with eGFR <30 ml/min/1.73m2.

mGFRSTD will be analysed at the Department of Clinical Physiology and Nuclear
Medicine, Centre for Functional and Diagnostic Imaging and Research, Copenhagen
University Hospital Amager and Hvidovre following standard procedure.

Iohexol from mGFRIoh and/or mGFRDBS will be analysed by a high-performance liquid
chromatography UV method (as described in details54) at the Department of
Nephrology, Copenhagen University Hospital, Rigshospitalet, Denmark or Laboratory
of Renal Function (LFR), Faculty of Medicine, University of La Laguna, La Laguna,
Spain.

t3

(Continues)
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accuracy. Further, the study is monitored regularly in
accordance with GCP, whereby flaws and inaccuracies in
data collection are detected continuously throughout the
study.

3.12 | Statistical methods

The statistical methods pertaining to the primary end-
points are described for each substudy.

3.12.1 | Substudy 1

Data will be analysed with standard descriptive statistics
in R (version 4.2.1, R Foundation for Statistical Comput-
ing, Vienna, Austria). Normally distributed data will be
presented as means and SD, and non-normally distrib-
uted data as median and interquartile range. Per protocol
analysis including all participants who are compliant
during the study will be performed after the last patient
has completed the last visit. Additionally, intention–to–
treat analysis will be performed including all randomized
participants. Missing data will be included by multiple
imputation.

For the primary endpoint, the comparison of the dif-
ference in energy intake between placebo and Sativex®

will be analysed using a paired t test. If data are not nor-
mally distributed, the nonparametric Wilcoxon sign-rank

test will be performed. Adjusted analyses are performed
with linear regression, and if model assumptions are not
met, data will be logarithmically transformed for analysis
and back-transformed for presentation. If the logarithmic
transformation is insufficient, nonparametric bootstrap
estimates will be used.

3.12.2 | Substudy 2

A nonlinear mixed-effects popPK model will be devel-
oped using the software NONMEM (version 7.5, ICON
plc), and data preparation for analysis and goodness-of-fit
plots based on model output is performed in R (version
4.2.1). The base model will consist of a structural and sto-
chastic model. The final model will consist of the base
model and the covariate model. Overall model evaluation
and selection for further development is based on criteria
including the objective function value (OFV), goodness-
of-fit plots, robustness of the models, shrinkage of ran-
dom effects parameters, visual predictive checks, and
agreement between model-estimated PK parameter
values and literature values and/or physiological func-
tions. Results will be presented as population values for
relevant PK parameters and covariate effects with relative
standard errors (RSE), relevant inter-individual variabil-
ity as coefficients of variance with RSE, and residual
unexplained variability in relevant terms depending on
the exact form of the final model.

TAB L E 5 (Continued)

Variable Assessment Timepoint

Biomarkers for cellular
senescence

Biomarkers for cellular senescence including expression of p16Ink4a, p21Cip1/Waf1, DPP4,
and uPAR are measured in isolated peripheral blood mononuclear cells (PBMCs) with
flow cytometry and qPCR. Biomarkers for cellular senescence will be analysed at the
Department of Clinical Research, Acute CAG, Copenhagen University Hospital
Amager and Hvidovre.

t3

Biomarkers for
dysfunctional
mitochondria

Biomarkers for dysfunctional mitochondria, altered autophagic flux, and metabolic
disturbances will be measured by ATP production, and electron transport chain
activity by colorimetry, mitochondrial DNA copy number and DNA damage by PCR,
mitochondrial DNA damage, membrane potential, fission, fusion, autophagy, and
mitophagy by immunoblotting, microscopy, RT-qPCR or a combination. Analyses will
be conducted at the Department of Clinical Research, Acute CAG, Copenhagen
University Hospital Amager and Hvidovre.

t3

Biomarkers for
inflammation

Plasma levels of inflammation biomarkers including IL-1β, IL-6, IL-10, TNF-α, GDF15,
suPAR, PAI-1, MCP-1, CXCL2, and CXCL9 are measured using standard
immunoassays (ELISA, Luminex, and Ella Simple Plex assays). Plasma levels of
inflammation biomarkers will be analysed at Department of Clinical Research, Acute
CAG, Copenhagen University Hospital Amager and Hvidovre.

t3

Handgrip strength Maximal hand grip strength is measured with a hand dynamometer (Saehan, Digi-II) in
three attempts.84

t3

Note: Timepoints: Baseline: t0; test day 1: t1; test day 2: t2; test day 3: t3; CKDEPI: chronic kidney disease epidemiology. FAS: full age spectrum. CG: Cockcroft–
Gault. MDRD: modification of diet in renal disease. EKFC: European Kidney Function Consortium.
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The primary endpoint, a comparison of popPK model
goodness-of-fit utilizing measured and estimated GFR as
covariates on gentamicin clearance, will be performed by
the development of a covariate model from the popPK
base model. In the development of the covariate model,
OFV is the main criterion for model selection. The OFV
is a representation of the overall goodness-of-fit of the
popPK model to the data. Upon comparing two nested
models, where one model has one additional degree of
freedom than the previous model, a drop in OFV of 3.84
represents a significant improvement of model fit based
on a p value of 0.05 in a chi-squared test.

3.13 | Data monitoring and auditing

The GCP unit of the University of Copenhagen has been
appointed as an independent data monitoring committee.
Missing or inaccurate data will be audited by trial staff.
The trial staff will have scheduled progress meetings to
confirm progress and ensure scientific quality.

3.14 | Harms and approval

Safety will be assessed at regular intervals on test days
and follow-up visits as reported by participants and
actively sought by trial staff. Furthermore, participants
are encouraged to contact the trial staff if they suspect
an event to be related to the study. All AEs will be
evaluated by the investigator and documented on CRFs
and in the annual and final safety report. Participants
experiencing AEs will be monitored until the event is
resolved. The AE reporting workflow will adhere to
GCP regulations by the Danish Medicines Agency.

4 | ETHICS AND DISSEMINATION

4.1 | Research ethics approval

All participants receive verbal and written information,
and written informed consent will be obtained before
enrolment. All participants are informed that they can
withdraw from the study at any time and that it will not
have any consequences for their regular course of treat-
ment. The study has been approved by the Ethics Com-
mittee of the Capital Region of Denmark (H-21044231),
the Danish Medicines Agency (EudraCT nr.: 2021-
002318-15), and the Danish Data Protection Agency
(Journal nr.: P-2021-744). Protocol amendments will be
approved by relevant authorities before they are

implemented. The investigational drug, Sativex®, is regis-
tered in Denmark.23

Regardless of the outcome, results will be published
at conferences and in international peer-reviewed jour-
nals in accordance with the CONSORT guidelines. The
manufacturers of Sativex® and Hexamycin® have been
notified about the study but have not contributed to the
protocol, nor have they made financial contributions.
The study will be conducted in accordance with the
Basic & Clinical Pharmacology & Toxicology policy for
experimental and clinical studies.69

4.2 | Protocol amendments

The following two protocol amendments have been
approved by the Ethics Committee of the Capital Region
of Denmark and are registered at ClinicalTrials.gov.

Amendment #1: Removal of the secondary endpoint,
in substudy 1, concerning eating patterns to relieve partici-
pants of extensive data collection. Additionally, the mea-
surement of intraocular pressure in substudy 1 on follow-
up days 1, 2, and 7 was removed, and it was specified that
the result of the randomization in substudy 1 is not
revealed to the project staff. Further, with additional
approval from the Danish Medicines Agency, the exclusion
criteria were clarified. Handgrip strength and biomarkers
of ageing were added to substudy 2. Lastly, the total
amount of blood collected in substudy 1 was corrected.

Amendment #2: Follow-up visits and phone calls
were optimized. The number of PK blood samples was
reduced from 12 to 10 and the time points were adjusted.
Re-screening with SNAQ was implemented if there were
>14 days from discharge until TD1. The dietary diary
before TD1 and TD2 was removed. The time-point for the
dessert was expedited to fit with a shorter TD1 and TD2.
Lastly, funding details and information about trial staff
were updated.

4.3 | Consent

Written informed consent will be collected from all
participants.

4.4 | Confidentiality and access to data

Access to the final dataset is limited to trial staff as the
handling of data complies with Danish and European
regulations to protect data. The dataset can be made
available upon reasonable request.
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4.5 | Ancillary and post-trial care

Trial staff follow-up on AEs that occur on the trial days.
Also, participants can contact trial staff in case of sus-
pected AEs. In case of suspected AEs a physician will
contact the participant to initiate treatment if relevant
and to assess if the AE is related to the investigational
drug. Subsequent follow-up will be made till the AE has
ceased. Transportation and meals are provided on all
study visits. The participants are not offered any other
compensation for trial participation.

5 | DISCUSSION

This trial is the first to study the appetite-stimulating
effect of cannabis-based medicine in older patients with
poor appetite. A major strength of substudy 1 is its ran-
domized and placebo-controlled design with an approved
oromucosal spray, which ensures more precise dosing
and bypasses the harmful pulmonary effects observed
within smoking and vaporization. The linkage between
substudy 1 and 2 is the inclusion of mGFR and body
composition in the pharmacokinetic modelling in both
substudies. This linkage is a pragmatic choice that results
in fewer unique patients being included than if the stud-
ies were separated. However, this coupling of substudies
also makes the design more complex. A limitation of the
trial design in substudy 1 is the short treatment period
with Sativex®, which limits the possibility to evaluate the
long-term effects of treatment with cannabis-based medi-
cine. The lengthy duration of test days in substudy 1 and
2 is another limitation and participants may be deterred
from entering the trial or prematurely terminate their
participation. A third limitation is the lack of evidence
for the optimal dosage and timing of Sativex® for appetite
stimulation, thus the dosage and timing were chosen
based on a review of existing literature and opinions from
experts within the field. Furthermore, we do not include
groups of younger healthy participants and cannot com-
pare the pharmacokinetics across age and patient groups.

In conclusion, this trial will provide new knowledge
on the effectiveness of Sativex® as an appetite stimulant
in older patients with poor appetite and the accuracy of
different methods of determining eGFR compared to
mGFR and gentamicin clearance.

6 | ADMINISTRATIVE
INFORMATION

The protocol follows the second amendment of the origi-
nal protocol for the study. Information on trial

registration, funding, roles, and responsibilities can be
found in Table S1.

AFFILIATIONS
1Department of Clinical Research, Acute CAG,
Copenhagen University Hospital Amager and Hvidovre,
Hvidovre, Denmark
2Department of Clinical Medicine, Faculty of Health and
Medical Sciences, University of Copenhagen,
Copenhagen, Denmark
3Department of Drug Design and Pharmacology,
University of Copenhagen, Copenhagen, Denmark
4Emergency Department, Copenhagen University
Hospital Amager and Hvidovre, Hvidovre, Denmark
5Department of Cellular and Molecular Medicine, Center
for Healthy Aging, Copenhagen, Denmark
6Department of Biomedical Sciences, Faculty of Health
and Medical Sciences, University of Copenhagen,
Copenhagen, Denmark
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