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1 Abstract

In the current opioid crisis, the need for alternative analgesics is high and cannabinoids are an intensely
discussed treatment option. Cannabinoids have shown promising results in both clinical and animal
studies but are limited due to side effects such as euphoria or feeling "high’. We conducted a
randomized, double-blind, placebo-controlled cross-over study to evaluate the effects of
cannabidivarin on HIV-associated neuropathic pain. Patients received the phytocannabinoid
cannabidivarin (400 mg/d) or placebo in two successive phases (4 weeks each) in a randomized order.
In between the two phases, a wash-out-phase of 3 weeks was interposed to eliminate potential carry-
over-effects. After the second treatment phase, patients were followed up for 3 additional weeks. The
primary endpoint was pain intensity on an 11-point numeric rating scale, recorded in a diary.
Secondary endpoints were supplemental pain medication, pain characteristics and quality of life. 32
patients were included. The mean decrease in pain intensity under placebo was 0.32 points higher
compared to cannabidivarin (p=0.38; 95% CI -0.42 to 1.05). Cannabidivarin did not influence any
secondary endpoints (amount of additional pain medication, pain characteristics or quality of life).
Cannabidivarin and placebo showed similar incidences of adverse events. No significant adverse
reactions occurred during either treatment. Cannabidivarin was safe but failed to reduce neuropathic
pain in HIV-patients. Based on current knowledge that cannabinoid-induced pain relief is dependent
on cannabinoid receptors, we assume that this is due to a lack of cannabinoid receptor activation. A
larger patient number might have improved the validity of the collected data. However, the recorded
differences are far from statistical significance. Therefore, we assume that the same conclusion would
be drawn from a bigger sample size. Based on our findings, we do not recommend cannabidivarin as a

treatment option for HIV-associated neuropathic pain.



2  Zusammenfassung

In der derzeitigen Opioidkrise wachst der Bedarf an alternativen Analgetika. Dabei werden auch
Cannabinoide haufig als eine Behandlungsoption diskutiert. Sowohl in klinischen als auch in
tierexperimentellen Studien zu neuropathischen Schmerzen zeigten Cannabinoide vielversprechende
Resultate. Allerdings ist ihr Einsatz auf Grund von Nebenwirkungen, wie zum Beispiel Euphorie oder
das Gefiihl ,high” zu sein, limitiert. In dieser randomisierten, doppelblinden, Placebo-kontrollierten
Cross-over Studie untersuchten wir Cannabidivarin, ein Phytocannabinoid ohne nennenswerte
Affinitat an Cannabisrezeptoren, in Patienten mit HIV-assoziierten neuropathischen Schmerzen. Die
Patienten erhielten Cannabidivarin (400 mg/d) oder ein Placebo in zwei aufeinanderfolgenden jeweils
4-wochigen Behandlungsphasen. Dazwischen lag eine 3-wdchige Auswaschphase, um einen Carry-
Over-Effekt auszuschlieRen. Anschlielend wurden die Patienten fiir 3 weitere Wochen nachverfolgt.
Der primare Endpunkt war Schmerzintensitat auf einer numerischen 11 Punkte Skala, aufgezeichnet in
einem  Patiententagebuch. Sekunddre Endpunkte waren  zusadtzlich  eingenommene
Schmerzmedikation, Schmerzcharakteristika und Lebensqualitdt. Es wurden 32 Patienten
eingeschlossen. Die durchschnittliche Reduktion der Schmerzintensitat war unter Placebo um 0.32
Punkte hoher als unter Cannabidivarin (p=0.38; 95% Kl -0.42 bis 1.05). Cannabidivarin hatte keinen
Einfluss auf die sekunddren Endpunkte (zusatzlich eingenommene Schmerzmedikation,
Schmerzcharakteristika, Lebensqualitat). Cannabidivarin und Placebo zeigten &hnlich héaufige
Nebenwirkungen. Weder unter Cannabidivarin noch unter Placebo traten Verdachtsfalle
schwerwiegender Nebenwirkungen auf. Zusammenfassend zeigte Cannabidivarin keine schadlichen
Nebenwirkungen, hatte aber keinen Einfluss auf HIV-assoziierte neuropathische Schmerzen. Dies
kénnte durch die fehlende Aktivierung von Cannabinoidrezeptoren erklart werden. Eine groRRere
Patientenkohorte hatte die Validitat der Daten moglicherweise gesteigert. Da die Differenzen zwischen
den beiden Gruppen jedoch weit von statistischer Signifikanz entfernt sind, versprechen wir uns auch
bei groBeren Patientenanzahlen keine wesentlich abweichenden Resultate. Daher empfehlen wir

Cannabidivarin derzeit nicht als Behandlungsoption fiir HIV-assoziierte neuropathische Schmerzen.



3 Introduction

As of 2019, 38 million people worldwide were living with the Human immunodeficiency virus (HIV) [1].
A cure is not yet available, and the number of people living with HIV is still rising [1]. Among many
complications of an HIV-infection, neuropathic pain belongs to most common [2] and affects more
than 30% of people living with HIV [3]. Patients often suffer from typical neuropathic symptoms, such
as allodynia or loss of pinprick sensation [4]. The pathophysiological mechanisms of HIV-associated
neuropathic pain are not fully understood. Inflammatory effects mediated by HIV-infected
macrophages as well as neurodegenerative effects of antiretroviral drugs are discussed [4,5]. Since
causal treatment is not available, current treatment concentrates on slowing down the progress and
minimizing the symptoms. Therefore, combined antiretroviral therapy should start early to prevent
late stages of HIV infections, and neurotoxic antiretroviral drugs should be avoided [6,7] . Symptomatic
treatment often focuses on antidepressants, anticonvulsants and opioids [8]. Due to detrimental side
effects of such analgesics and rising concerns regarding the opioid crisis, the need for new, effective
treatment options is high. In this context cannabinoids are often discussed [9].

Cannabinoids have been used for medical purposes for thousands of years [10], but their efficacy is
still not established. The endocannabinoid system consisting of the two endocannabinoids 2-
arachidonylglycerol and anandamide, as well as the two cannabinoid (CB) receptors 1 and 2 modulate
the transmission of pain signals [11]. Cannabis-based analgesia may either be achieved by exogenous
cannabinoids or by influencing the endocannabinoid system [11]. Even though some exogenous
cannabinoids were effective in humans, they often show disturbing side effects like nausea or
drowsiness [12—-14]. Drugs inhibiting endocannabinoid-degrading enzymes showed detrimental side
effects in humans [15]. However, new cannabinoids not primarily activating CB receptors have shown
analgesic effects in animal studies [16] and are considered a treatment option in neuropathic pain [11].
In this study we investigated cannabidivarin (CBDV) a natural component of the cannabis plant with

very low affinity to CB receptors [17,18] in patients with HIV-associated neuropathic pain. We



conducted a double-blind-placebo controlled cross-over trial and assessed CBDV's influence on pain

intensity, pain characteristics, side effects and quality of life.



4 Methods

4.1 Study design

This was a randomized, placebo-controlled, double-blind cross-over phase Il trial conducted from 1°
January 2017 to 8" January 2019 in a single-center outpatient setting. All patients enrolled were
treated with two agents (CBDV and placebo) in two successive phases. The allocation to the order of
treatments (CBDV-placebo [C-P] or placebo-CBDV [P-C]) was determined by randomization. After
screening, suitable patients were included and baseline values for pain intensity, supplemental pain
medication, pain characteristics and quality of life were recorded during a one-week baseline phase.
Patients received placebo or CBDV, respectively, during two 4-week treatment phases (A and B).
Treatment phase A was followed by a 3-week washout phase plus another 1-week phase to collect
baseline values before treatment phase B (see Figure 1). The wash-out phase was inserted to prevent
potential carry-over effects of the treatment received in phase A. Because previous studies had shown
that cannabinoids accumulate in fatty tissue with a half-life of about 5 days after long-term oral
administration [19], a 3 week wash-out phase seemed reasonable. Afterwards, patients were followed
up for another 3 weeks. Thus, each patient was monitored for a total of 16 weeks. Subjects were seen
by a clinician before each baseline phase, and before, during and after each treatment phase. All
examinations were carried out in the study center at Charité Campus Benjamin Franklin, except for
one telephone interview before baseline B. Throughout the study, the patients self-documented pain
values, additional pain medication and side effects in pre-printed tables and additional drug effects on

the Drug Effects-Questionnaire [20] in paper-based diaries.
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Figure 1 Study design (adapted from Eibach et al. 2020 [35])

4.2  Study participants

We recruited patients through personal contacts to Berlin-based HIV-specialists, patient-advocacy

groups and by advertisement in the Berlin public transportation system. Patients were contacted via

phone and informed about the study. Suitable subjects were invited to the study center and were

screened for in- and exclusion criteria.

Inclusion criteria:

e Male and female patients with chronic, painful HIV-associated neuropathy (numeric rating

scale score 2 4); women who were post-menopausal for more than one year; other female

patients were allowed to participate only if they were permanently sterilized (e.g. tubal

occlusion, hysterectomy) or if they provided a negative pregnancy test and were willing to use

a highly effective method of contraception (e.g. hormonal contraceptives) during the course

of the study and for three months thereafter.
e Age: 18-65 years

e Body mass index (BMI): 18-30 kg/m?



Fluency in German language

Signed written informed consent

Exclusion criteria:

Individuals related to or dependent on the sponsor, the trial site or the investigator

Individuals housed in institutions due to official or judicial orders

Severe diseases of the central nervous system (e.g. dementia)

Major psychiatric conditions

Acute neurological disorders with functional limitations, and/or limitations to neurological

assessment

Limited mental capacity or knowledge of the German language

Chronic or previous abuse of recreational drugs and/or alcohol

Pregnancy and lactation, or planning pregnancy during the course of the study and for three

months thereafter

Men and women of childbearing potential not using adequate contraception during the trial

and three months thereafter

Intolerance to the study medication or to components of the study medication

Hepatic diseases where

O

the level of alanine aminotransferase (ALT) or the level of aspartate aminotransferase
(AST) exceed three times the upper limit of normal range, bilirubin exceeded two times
the upper limit of normal range, or the international normalized ratio (INR) exceeded
1.5 times the upper limit of normal range

the levels of ALT or AST exceed three times the upper limit of normal range, in
combination with symptoms (fatigue, nausea, vomiting, pain or tenderness in the right
upper quadrant, fever, rash and/or eosinophilia)

the levels of ALT or AST alone exceeded eight times the upper limit of normal range



o the levels of ALT or AST exceed five times the upper limit of normal range for longer
than two weeks
e Chronic renal insufficiency (with significant deviation of the creatinine-level from normal
range)
e Electrocardiogram-Parameters outside following reference ranges:
o PR-interval: 120 ms (lower limit), 220 ms (upper limit)
o QRS-duration: 0 ms (lower limit), 120 ms (upper limit)
o QT-interval: 0 ms (lower limit), 500 ms (upper limit)
o QTcF-Interval (males): 0 ms (lower limit), 430 ms (upper limit)
o QTcF (females): 0 ms (lower limit), 450 ms (upper limit)
e Clinically significant cardiovascular or metabolic diseases:
o uncontrolled hypertension (lower limit: 90/40 mmHg, upper limit: 140/90 mmHg (18-
45 years), 160/90 mmHg (>45 years))
o severe heart failure (NYHA > Il1)
o abnormal heart rate (lower limit: 40 min™ (18-45 years), 50 min™ (>45 years), upper
limit: 90 min?)
o heart attack within the past 12 months

e Active participation in other clinical trials within three months before or during this study

A clinician confirmed the diagnosis of HIV-associated painful sensory neuropathy based on patient
history, the Douleur Neuropathique 4 interview (DN4i) and the Clinical HIV-
Associated Neuropathy Tool (CHANT) assessing the presence of neuropathic pain by different specific
neuropathic pain characteristics (DN4i and CHANT) and signs (only CHANT) [21,22]. Laboratory values
(full blood count, liver function tests, electrolytes, glucose, urea, cholesterol, creatinine, creatinine
kinase, protein and INR) were recorded on the day of screening, before, during and after each
treatment phase. Electrocardiograms were recorded and analyzed by a cardiologist before inclusion.

The Montreal Cognitive Assessment (MoCA) was performed to exclude dementia before inclusion [23].
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Patients were allowed to use concomitant analgesics (including antidepressants and anticonvulsants)

as needed and documented every dosage in the patient diary.

4.3 Outcome measurements

The primary outcome was pain intensity under CBDV as compared to placebo. Patients were instructed
to document the pain intensity thrice a day (8:30 AM, 1:00 PM and 7:00 PM) on an 11-point NRS (0 =
no pain, 10 = worst pain imaginable) in their diary. For analysis, the mean value of the NRS scores was
calculated for the last 7 days of baseline and treatment, respectively. A treatment response was
defined as a pain reduction of at least 20% between the last 7 days of baseline and the last 7 days of
treatment, as postulated in previous studies on neuropathic pain [24,25]. The number of treatment
responders was calculated for each treatment phase.

Secondary endpoints (pain characteristics, quality of life and sleep, and subjective impression of
change) were measured by questionnaires. For an overview of questionnaires, see Table 1. We
compared the results of all questionnaires before (visit 1/2 and 6) and after each treatment phase (visit
4 and 8), except PGIC, which was only used at the end of each treatment phase (see Figure 1).

On the first day, patients received a patient diary in which NRS values, all adverse or unusual events,
use of concomitant pain medication and subjective treatment effects were recorded. We used the
Medication Quantification Scale (MQS) in its 3™ version to analyze the use of concomitant pain
medication [26]. For analysis of concomitant pain medication, mean MQS values were calculated for
the last 7 days of baseline and treatment, respectively.

The entries in the diary were discussed with a study physician at each visit and adverse events were
then documented in paper-based tables. All adverse events were classified using the Common
Terminology Criteria for Adverse Events, Version 4.03. Any deviations from standard laboratory values

were recorded as adverse events as well.
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Table 1 Overview of questionnaires

Questionnaire Characteristics

e Presence of neuropathic pain

painDETECT [27] L _—
e Neuropathic pain characteristics

e Presence of neuropathic pain

DN4i [22
H[22] e Neuropathic pain characteristics

e  Pain severity

Brief Pain Inventory [28] Quality of life
[ )

Hospital Anxiety and Depression Scale [29] e  Severity of anxiety and depression
36-Item Short Form Survey [30] e Quality of life
Insomnia Severity Index [31] e Quality of sleep

e  Subjective impression of change after

Patient Global Impression of Change [32]
treatment as compared to before treatment

4.4 Randomization, allocation concealment and blinding

Patients were allocated to the treatment groups in a randomized manner in blocks of 4. The computer-
generated random lists were stored in a locked cabinet in the study center. Every patient’s allocation
to the sequence group was kept in sealed envelopes which were always accessible in case of
emergency. All patients and staff involved in patient contacts and assessment of outcomes were

blinded until the end of the study.

4.5 Monitoring

The study was monitored by two independent colleagues of the Charité Comprehensive Cancer Center
who secured patient safety and adherence to good clinical practice (GCP) principles throughout the

trial.

4.6 Investigational Medicinal Products (IMP)

Patients received the active agent and placebo as two identically appearing and tasting solutions
depending on the treatment phase. GW Pharmaceuticals provided the IMP in amber-glass bottles
which were marked with the patient ID and treatment phase for each patient. One ml of CBDV solution
consisted of 50 mg CBDV, 79 mg anhydrous ethanol, 0.5 mg sucralose, 0.2 mg strawberry flavor and

guantum satis to 1.0 ml refined sesame oil. 1 ml of placebo solution consisted of 79 mg anhydrous

12



ethanol, 0.5 mg sucralose, 0.2 mg strawberry flavor and quantum satis to 1.0 ml refined sesame oil.
Based on preclinical and clinical phase-I-studies [17] a daily dose of 400 mg CBDV (8ml of IMP in both
phases) was chosen. Every bottle was weighed before and after each treatment phase to document

the exact amount of IMP taken by each patient.

4.7  Statistics

Statistical analysis and sample size calculations were performed by the Charité Coordinating Center for
Clinical studies (KKS). Prior to conduct of the study, a sample size calculation was carried out using
nQuery Advisor® 7.0. The primary endpoint (pain score on NRS) and the cross-over study-design were
taken into account. Previous literature showed that a cannabinoid-induced pain reduction of 20%
compared to placebo and a common standard deviation (SD) for the period differences of 2.5 seemed
realistic [24,25,33]. These calculations resulted in a planned sample size of 21 patients per sequence
group to show this effect with a power of 85% and a two-sided type-I error of 0.05 using a paired t-
test for 2x2 crossover designs. A dropout rate of 15% was estimated, resulting in a planned sample size
of 50 patients in total.

Statistical analysis was based on the intention-to-treat principle. Every patient who was dosed with
IMP and delivered at least one post-baseline measurement of the primary end point was included in
the efficacy analysis. Every patient treated with IMP was included in the population analyzed for
adverse side effects (safety population). Continuous variables are displayed as mean, SD and range.
Categorical parameters are given as absolute and relative frequency.

For all continuous endpoints, first, the difference between sequence-specific baseline and then the
value after treatment was calculated. In the next step the difference between the two treatment
effects (CBDV - placebo) was calculated for every patient. For a direct comparison of the two treatment
groups, we used a paired t-test taking period effects into account. In case of non-normality of data
distribution, a non-parametric version was applied. For the treatment effects, 95% confidence intervals

(ClI) were calculated. The primary endpoint was also analyzed using a random subject intercept mixed

13



model. In this model the change of NRS values from baseline to post-treatment was a dependent
variable, and treatment, phase, and NRS phase baseline value were independent variables. P values
resulting from the analyses are to be considered as non-confirmatory. A p value < 0.05 was considered
significant. All analyses were done using R (version 3.5.0) [34].

For the primary endpoint, missing values were not replaced, and means were used. Missing values in

guestionnaires were treated according to the guidelines of the questionnaire.

4.8 Study approval

All patients signed written informed consent prior to inclusion in the study. The trial protocol, patient
information and informed consent sheets were approved by the ethics committee of the state
regulatory authority of Berlin (Landesamt fir Gesundheit und Soziales; 15/0255 EK 13) and the German
Federal Institute for Drugs and Medical Devices (Bundesinstitut fiir Arzneimittel und Medizinprodukte;
61-3910-4040377). The CONSORT guidelines and checklist, GCP principles and the Declaration of
Helsinki were strictly followed. The study was registered at EudraCT

(https://www.clinicaltrialsregister.eu/) under number 2014-005344-17.
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5 Results

5.1 Patient population

Patient screening was conducted from January 2015 to September 2018 and was terminated at the
end of financial support by the EU grant FP7-HEALTH-2013-INNOVATION-1; No. 602891-2. During this
time 194 patients were contacted by email or phone. 55 were invited to the study center and screened,
of which 34 were assessed eligible and were assigned a patient identification number (ID). Two patients
were excluded from efficacy analysis due to missing data (the patient did not bring his diary) and a
screening failure (the patient did not meet inclusion criteria) but were not excluded from the safety
population. 32 patients were included in the efficacy analysis. Of these, 4 patients dropped out during

the study but were not excluded from efficacy analysis. Characteristics of all 32 patients included in

the full analysis are shown in Table 2.

Table 2: Demographic data at day of screening (adapted from Eibach et al. 2020 [35])

Characteristic Level C-P (n=16) P-C (n=16) Total (n=32)
Sex, n (%) Male 16 (100) 15 (93.8) 31(96.9)
female 0(0) 1(6.2) 1(3.1)
Age, y (SD) mean (SD) 52.31(8.06) | 48.31(9.62) | 50.31(8.96)
range 36; 65 31; 65 31; 65
Body height, m (SD) mean 1.82 (0.06) 1.77 (0.06) 1.8(0.07)
range 1.7;2 1.6;1.9 1.6;2
NRS score at screening (SD) mean 6.12 (1.15) 6.44 (1.59) 6.28 (1.37)
Range 4;8 4;9 4;9
DN4i score (0-7) (SD) mean 5.19 (1.17) 5(0.89) 5.09 (1.03)
range 3,7 4;6 3,7
Pain in the feet, n (%) yes 16 (100) 16 (100) 32 (100)
no 2 (12.5) 5(31.2) 7(21.9)
Numbness in at least one foot, n (%) | yes 14 (87.5) 11 (68.8) 25 /78.1)
Reduced vibration sensation in at no 1(6.2) 2(12.5) 3(9.4)
least one foot, n (%) yes 15 (93.8) 14 (87.5) 29 (90.6)
Reduced ankle reflexes in at least no 2(12.5) 4(25) 6(18.8)
one foot, n (%) yes 14 (87.5) 12 (75) 26 (81.2)
MOCA score (0-30) (SD) mean 26.62(2.03) | 26.38(2.09) 26.5(2.03)
Range 24; 30 22;30 22;30



5.2 Primary endpoint

The mean decrease in pain intensity on the last 7 days of CBDV was 0.32 points lower as compared to
placebo; this difference was not statistically significant (p=0.38; 95% Cl -0.42 to 1.05) (see Figure 2 and
3). An overview of pain scores throughout the study is given in Table 3. The mean NRS values during
the last 7 days of follow-up (3 weeks after end of treatment phase B) were 2.71 (SD: 1.57) in the C-P

group and 3.72 (SD: 2.43) in the P-C group. 13 patients were classified as CBDV responders, whereas

16 patients responded to placebo.
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Figure 2 Differences in pain intensity by treatment and phase. The boxplots show differences between mean
pain values under cannabidivarin (CBDV) (white) and placebo (grey) during the last 7 days of treatment and
baseline (BL). Negative values indicate pain reduction compared to baseline; bars indicate minimum and
maximum values; dots indicate values outside of 1.5* interquartile range (paired t-test; n=32). (adapted from

Eibach et al. 2020 [35])
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BL, baseline; NRS, Numeric Rating Scale. Figure taken from Eibach et al. [35]

Table 3: NRS values of both treatment groups at different time points

Time [day]

)
Q‘{b%@
O
Q/Q

Characteristic Level C-P P-C Total
NRS last 7 days base line phase A n 16 16 32
Mean (SD) 3.84 (1.59) 5.07 (1.99) 4.45 (1.88)
Median (IQR) | 3.38(2.6; 5.1) 5.09 (3.7; 6) 4.32(2.8;5.8)
Range 1.7,6.8 1.9;9.7 1.7,9.7
NRS last 7 days treatment phase A Mean (SD) 3.09 (1.79) 3.35(2.35) 3.22 (2.06)
Median (IQR) | 2.68 (1.5; 4.3) 2.9(2.3;3.8) 2.77 (1.8; 4.3)
Range 1.1;6.6 0.2;9.9 0.2;9.9
NRS difference treatment phase A Mean (SD) -0.75 (0.8) -1.71 (1.52) -1.23(1.29)
Median (IQR) | -0.63 (-1.3;-0.1) | -1.62(-2;-0.9) | -1.07(-1.7;-0.1)
Range -2.7;0.3 -5.2;0.4 -5.2;0.4
Pain reduction = 20% treatment phase A (%) 8 (50) 12 (75) 20 (62.5)
NRS last 7 days base line phase B n 14 14 28
Mean (SD) 3.29 (2.05) 3.88 (2.59) 3.58 (2.31)
Median (IQR) | 2.88(1.7;4.9) 3.12 (2.4;5.2) 2.97 (2;5.2)
Range 0.2;7 0.3;9.7 0.2;9.7
NRS last 7 days treatment phase B Mean (SD) 3.07 (2.14) 3.5(1.81) 3.29(1.96)
Median (IQR) | 2.43(1.4;3.7) 3.31(2.5; 4.8) 3.05 (1.6; 4.3)
Range 1.1;8.4 0.8; 6.8 0.8; 8.4
NRS difference treatment phase B Mean (SD) -0.22 (1.05) -0.37 (1.18) -0.3(1.1)
Median (IQR) | -0.01(-0.7;0.2) | -0.19(-1;0.1) | -0.05(-0.9; 0.1)
Range -2.8;1.4 -2.9; 2 -2.9; 2
Pain reduction = 20% treatment phase B 4 (28.6) 5(35.7) 9(32.1)
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5.3 Secondary endpoints

Secondary endpoints included pain characteristics, quality of life and sleep and subjective impression
of change. No statistically significant differences between CBDV and placebo were detectable by any
of these questionnaires. In particular, no significant differences in specific pain parameters assessed in
the painDETECT questionnaire were detectable (see Figure 4). We did not observe any statistical
differences in the intake of additional pain medication between CBDV and placebo (mean treatment
effect of CBDV compared to placebo = -0.16, p=0.81, 95% CI -1.50 to 1.19 — see Figure 5), nor any

influence of supplemental pain medication on the treatment effect of CBDV or placebo.
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Figure 4 Treatment effects on painDETECT score and sub-scores. Differences (medians; mean for total effect)
between cannabidivarin (CBDV) and placebo effects. Bars indicate minimum and maximum values; dots indicate
values outside of 1.5* interquartile range (paired t-test; n = 32).
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Figure 5 Differences in use of concomitant pain medication by treatment and phase. Compared are MQS
values under cannabidivarin (CBDV) (white) and placebo (grey) on the last 7 days of treatment and baseline
(BL). Negative values indicate lower use of concomitant pain medication compared to baseline; bars indicate
minimum and maximum; dots indicate values outside of 1.5* interquartile range.

5.4 Adverse events

34 patients were included in the population analyzed for safety (adverse side effects), of which 31
(91.2%) experienced at least one adverse event during CBDV treatment; 27 patients (79.4%) had at
least one adverse event during placebo. During each treatment (CBDV or placebo), 9 patients (26.5 %)
experienced an adverse event that was considered to be related to study medication (see Table 4)
Overall, the prevalence of adverse events during both treatment phases was similar and all adverse
events were of low to moderate severity. The most frequently recorded adverse events (related to
study medication) were dry mouth and diarrhea (3 cases during each treatment). Only one subject
withdrew due to an adverse event (cough). This happened during CBDV treatment. We considered this
adverse event related to study medication. We did not recognize any clinically significant changes of
laboratory values related to study medication.

There were 2 serious adverse events (SAE) recorded. One patient experienced an acute myocardial

infarction during CBDV treatment. This patient (male, 62 years) had the following cardiovascular risk
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factors: History of arterial hypertension, transient ischemic attack, pulmonary embolism and factor-V-
Leiden mutation. Therefore, this event was not considered related to study medication. Another
patient experienced acute back pain which led to hospitalization. This SAE occurred during follow-up

phase and was not considered related to study medication either.

Table 4 Overview of Adverse Events considered related to study medication (adapted from Eibach et al. 2020
(35])

Number of patients (%)

AE CBDV Placebo

Dry mouth 3(8.8) 5(14.7)
Diarrhea 3(8.8) 1(2.9)
Headache 1(2.9) 3(8.8)
Concentration disturbance 1(2.9) 1(2.9)
Dizziness 0(0) 2 (5.9)
Hyperhidrosis 0(0) 2 (5.9)
Pruritus 1(2.9) 1(2.9)
Constipation 0(0) 1(2.9)
Dysesthesia 0(0) 1(2.9)
Dyspepsia 0(0) 1(2.9)
Fatigue 0(0) 1(2.9)
Gastrointestinal irritation 0(0) 1(2.9)
Hypertrichosis 1(2.9) 0(0)
Insomnia 0(0) 1(2.9)
Mood disturbances 0(0) 1(2.9)
Nausea 0(0) 2 (5.9)
Numbness in neck 1(2.9) 0(0)
Tachycardia 0(0) 1(2.9)
Vision disturbance 0(0) 1(2.9)
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6 Discussion

In this study, CBDV did not elicit major adverse side effects, but did also not influence pain intensity or
any other parameters related to chronic neuropathic pain as compared to placebo. In particular, we
did not observe any influence on specific pain characteristics or the use of concomitant pain
medication.

In experimental studies, cannabinoid analgesic effects were mainly mediated by activation of CB
receptors [13,36]. However, other mechanisms were also proposed in animal studies [37]. For
example, allosteric effects of cannabidiol and CBDV on the CB1 receptor were postulated [38]. We
tested CBDV, a compound that does not exhibit significant orthosteric binding to CB receptors,
according to preclinical data [17,18]. In our study, CBDV failed to reduce neuropathic pain. This
supports the common theory that anti-nociceptive effects of cannabinoids are mainly CB receptor
mediated [39]. On the other hand, a lack of efficacy may also be explained by the type of
administration. Maldonado et al. claimed that cannabinoids provide less pain relief when administered
orally compared to smoked or vaporized administration [11].

Furthermore, activation of TRPV1-receptors by cannabinoids was observed in previous studies [16].
TRPV1-receptors localized on peripheral sensory neurons, are mainly responsible for heat sensations
and are known to be dysfunctional in neuropathic pain [40], which can lead to burning sensations.
Some authors have postulated a cannabinoid-mediated desensitization of TRPV1-receptors
comparable to responses after locally administered capsaicin, an effective treatment for neuropathic
pain [8,41]. We could not observe any effects of CBDV on specific pain characteristics, especially on
burning pain.

In our study, CBDV was administered at a dose of 400 mg/d. This dose was considered safe in preclinical
and clinical phase I-studies [17]. Studies with CBDV for other indications, such as autism spectrum
disorders, have titrated CBDV to doses of up to 1600 mg/d in children [42]. Thus, an underdosing of

CBDV might also explain the lack of efficacy in our trial.
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The most readily visible (but statistically nonsignificant) reduction of pain scores was observed during
treatment phase 1 in the placebo group (Figure 3). As mentioned in the corresponding paper, we
explained this by ‘the enhanced attention to the patients in the setting of a clinical trial” [35]. These
findings are in line with current observations that neuropathic pain patients, and especially HIV-
patients, show high placebo response rates [43,44] .

Medical use of cannabinoids is limited by CB receptor-mediated side effects such as euphoria or feeling
“high” [45,46]. CBDV does not bind to CB receptors [17,18] and did not show typical cannabinoid side
effects. We observed no differences in side effects between CBDV and placebo. The most common
side effects were diarrhea and dry mouth. These did not differ between the two treatment groups. It
is conceivable that these effects were due to the vehicle (sesame oil solution or strawberry flavor). Of
two SAEs, only one (myocardial infarction) occurred during treatment with CBDV. There is data
suggesting that cannabinoids increase the risk of cardiovascular events via a CB receptor-mediated
mechanism [47]. As mentioned above, CBDV does not bind to CB receptors [17,18] and it did not show
any increase in cardiovascular risk in preclinical or clinical studies [unpublished confidential data
supplied by the manufacturer]. This makes a relation between CBDV and this event unlikely. In
summary, CBDV did not elicit major side effects in this trial. Even though the term “safety population’
is widely used, it is questionable whether “safety” analyses should be based on such small sample sizes
as in early phase I/1l trials. For a profound safety analysis, much bigger sample sizes with thousands of
patients are recommended [48,49] . Nevertheless, the data collected in this study may be used for
future safety analyses of CBDV.

Consistent with statistics showing that HIV in Germany affects mainly men [50], we could only enroll
one female patient. Interestingly, this patient perceived marked pain reduction under CBDV (9.7 to
6.8) compared to placebo (9.7 to 9.9). Of course, this solitary observation cannot be used to formally
evaluate sex differences in cannabinoid-mediated analgesia but it is in line with findings from Redmond
et al. showing that cannabinoids produce analgesia in women but not in men [51].

Patients suffering from chronic pain often use many different pain medications [52]. We not only

aimed to reduce neuropathic pain but also to reduce the amount of concomitant pain medication.

22



According to our MQS values, CBDV did not have any effects on the use of concomitant pain medication
compared to placebo. This is consistent with the results on the primary endpoint suggesting that CBDV
is not a suitable treatment option for neuropathic pain.

Causal treatment for HIV-associated neuropathic pain is still not available and symptomatic treatment
predominates. However, many patients are not correctly diagnosed with neuropathic pain in the first
place [53] and many of those who are, are not sufficiently pain controlled [52]. Therefore, special
attention on early diagnosis and therapy is necessary. For these purposes, screening tools such as DN4i,
painDETECT and CHANT are available [21,22,27]. To prevent the development of neuropathic pain in
HIV patients, combined antiretroviral therapy should be started early with neurotoxic agents, such as
stavudine [54], to be avoided [7]. Currently the use of cannabinoids is not recommended as a first line
therapy [8] which is underlined by the results of our study. As mentioned in the corresponding paper,
we observed (statistically nonsignificant) pain relief under placebo treatment which might be
associated with psychological effects [35]. Pain, and especially chronic HIV-associated neuropathic
pain, is known to be influenced significantly by psychological components and placebo response rates
[43,44,55]. Thus, a multimodal treatment approach is highly recommended, especially since multiple
non-pharmacological treatments have shown efficacy in HIV-associated pain [56,57].

The exact analgesic mechanisms of cannabinoids are still subject to research. An activation of CB
receptors is considered the major mechanism. However, other mechanisms such as influencing the
endocannabinoid system have been described [11,16,36,37,41,58]. An inhibition of endocannabinoid
degrading enzymes might be a useful approach but phase I-studies of the FAAH-inhibitor BIA 10-2474
resulted in lethal outcomes [15]. Since the combination of opioids and cannabinoids has shown
synergistic analgesic effects [11], this might be a further option to treat neuropathic pain. In this study
however, patients receiving opioids did not show greater pain reduction under CBDV compared to
placebo. It is conceivable that development of novel cannabinoid therapeutics could improve pain
therapy. But knowledge about cannabinoids is limited and a more thorough understanding of the

endocannabinoid system and its analgesic mechanisms is crucial.
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The CONSORT-Guidelines and GCP-principles were strictly followed. Nevertheless, this study had the
following limitations: Due to limited financial resources we could not enroll more patients, nor could
we offer a high remuneration which resulted in unexpected recruitment difficulties. Thus, we did not
reach the planned sample size of 21 per treatment group. However, since our observed differences
between pain scores were far from statistical significance (p=0.38) we would not expect any other
conclusions with a bigger sample size. Even interpreting the lower border of the 95% Cl, we do not
expect any clinical relevance.

The mean NRS values during baselines A and B (4.45 and 3.58, respectively) were much lower
compared to the mean value obtained on the screening visits (6.28) (see Table 2 and 3). We used
NRS=6 in our sample size calculation. However, the values on the day of screening may not be very
reliable because the patients were asked about their mean pain intensity during the last several weeks.
For example, one might assume that higher pain values were reported to be able to participate in our
trial, or patients might have remembered their pain values worse than they really were.

During baseline phase A, pain values between the treatment groups diverged. However, patients were
randomized and did not receive any treatment at this time point, so that this can only be explained by
chance. Therefore, statistical testing is not recommended [59]. Other causes such as differences in sex
or age are unlikely since both groups had similar demographic characteristics (see Table 2)

Patient adherence to prescribed medication is a recurring issue, especially in chronic pain patients [60].
Our patients received CBDV in an oily solution. Patients had to measure 8 ml every day and drink the
solution. Even though oral medications result in better compliance [61], an oily solution is complicated
for both patients and caregivers. The administration takes more time and effort and some patients
reported difficulty swallowing the solution and bad taste. Furthermore, the most common adverse
events (diarrhea and dry mouth) might have been due to the sesame oil solution or strawberry flavor
in our study. In addition, clinical trials investigating cannabinoids often suffer from poor blinding due
to the typical side effects. In our study, no patient reported feeling "high” so that we assume that

blinding was sufficient.
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7 Conclusion

In summary, this study examining the administration of CBDV showed no significant change of
neuropathic pain intensity, supplemental pain medication or associated pain characteristics in HIV-
patients. No major side effects of CBDV were reported. Therefore, we postulate that an activation of
CB receptors is necessary for clinically relevant cannabinoid-mediated analgesia as indicated in the
literature [39]. CBDV has not been investigated for neuropathic pain before. For a comprehensive
evaluation, however, further trials with larger sample sizes and other types of pain are necessary. At
this point in time, CBDV cannot be recommended as a treatment option for HIV-associated

neuropathic pain.
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Cannabidivarin for HIV-Associated Neuropathic

Pain: A Randomized, Blinded, Controlled

Clinical Trial

Luca Eibach!, Simone Scheffel’>, Madeleine Cardebring1’3, Marie Lcttaul’é, M. Ozgiir Celik!,
Andreas Morguet”, Robert Rochle® and Christoph Stein*

HIV remains a major burden to the health care system and neuropathic pain is the most common neurological
complication of HIV infection. Because current treatment strategies often lack satisfying pain relief, cannabinoids
(CBs) are discussed as a new option. We investigated cannabidivarin (CBDV) as treatment for HIV-associated
neuropathic pain. We conducted a randomized, double-blind, placebo-controlled crossover study. Patients underwent
two successive treatment phases (4 weeks each) and were treated with CBDV (400 mg/day) or placebo in a
randomized order. A 3-week washout phase was designed to eliminate potential carry-over effects. Patients were
followed up for 3 weeks after the end of the second treatment phase. The primary end point was pain intensity

on an 11-point numeric rating scale, recorded in a diary. Secondary end points were additional pain medication,
pain characteristics, and quality of life. We included 32 patients. The mean pain intensity under CBDV was 0.62
points higher compared with placebo (P = 0.16, 95% confidence interval —0.27 to 1.51). CBDV did not influence

the amount of additional pain medication, pain characteristics, or quality of life. The incidence of adverse events
was similar during both treatments. No suspected unexpected adverse reactions occurred during either treatment.
CBDV was safe but failed to reduce neuropathic pain in patients with HIV. This may be explained by a lack of CB
receptor activation, as indicated by preclinical experiments. Although a larger patient number might be desirable, we
would not expect a change in the conclusions because the present differences are far from statistical significance.
Therefore, we would currently not consider CBDV as a clinically meaningful treatment option for neuropathic pain.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC:?

M Pain relief in patients with HIV-associated neu-
ropathic pain is often unsatisfying but cannabinoids
(CBs) have shown promising results in preclinical
studies.

WHAT QUESTION DID THIS STUDY ADDRESS?

M Can pain relief be achieved by the novel phytocannabinoid
cannabidivarin (CBDV) in patients with HIV-associated neu-
ropathic pain?

Approximately 7-8% of the general population have neuropathic
pain, defined as “pain that arises as a direct consequence of le-
. . . »1,2 .
sions or discases affecting the somatosensory system.””” Chronic
neuropathic pain impairs quality of life and negatively affects
the patients social relationships.” Among various diseases that
can underlie neuropathic pain, HIV infection belongs to the

4 . . .
most prevalent.” Despite the development of highly effective

WHAT DOES THIS STUDY ADD TO OUR KNOW-
LEDGE?

V] CBDV was safe but failed to improve neuropathic pain or
quality of life in patients with HIV.

HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY ORTRANSLATIONAL SCIENCE?

4| Despite encouraging preclinical data, CBDV is not a prom-
ising substance for treatment of patients with HIV-associated
neuropathic pain. We presume that clinical pain relief is un-
likely to be achieved without activation of CB receptors.

antiretroviral therapy, HIV remains a major burden to the health
system.

HIV-associated neuropathic pain usually occurs together with
distal sensory neuropathy with symptoms of burning or dysesthesia
in combination with numbness in stocking-like or glove-like distri-
bution,® and may be caused by the inflammatory effects of HIV-

. . . 6,
infected macrophages and other neurodegenerative mechanisms. 4
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Furthermore, antiretroviral drugs, mainly dideoxynucleoside re-
verse transcriptase inhibitors, can cause mitochondrial and nerve
damage7 so that they are no longer recommended.® Despite novel,
more effective, and less neurotoxic antiretroviral drugs, the preva-
lence of neuropathic pain in HIV-infected patients is still high and
causal treatment is not available.® Although treatment of chronic
neuropathic pain should be based on both pharmacological and
interdisciplinary nonpharmacological approaches (e.g., behavioral,
physical, and/or occupational therapy),4 pharmacological therapy
often predominates. Antidepressants, anticonvulsants, and opioid
anal§esics are medications of choice.” However, they often lack effi-
cacy" and are limited by side effects, such as respiratory depression,
addiction, and sedative effects,'” resulting in extensive additional
costs and reduced quality of life. > 112

Endocannabinoids (e.g., 2-arachidonylglycerol and anan-
damide) influence the transmission of pain signals by acting on can-
nabinoid (CB)-receptors 1 and 2."* Some exogenous cannabinoids
(CBs) have shown promising results in the treatment of neuro-
pathic pain but they were limited by complicated dosin§ of smoked
14-1 Therefore,

improved CB and opioid analgesics are being developeci.9’13’l7’18

cannabis and side effects like nausea or drowsiness.

In this study, we investigated cannabidivarin (CBDV) a novel
phytocannabinoid derived from the Cannabis sativa L. plant, in pa-
tients with HIV-associated neuropathic pain. Using a double-blind
crossover trial design, we assessed pain, side effects, and quality of
life, and sought to correlate treatment responses to the patients’

genotype.

METHODS

Study design

Data were collected from January 1, 2017, to January 8, 2019. We con-
ducted a randomized, placebo-controlled, double-blind crossover phase
II trial in a single-center outpatient setting. All patients received both
treatments (CBDV and placebo) in two successive phases. The order of
treatments (CBDV-placebo (C-P) or placebo-CBDV (P-C)) was allo-
cated by chance (randomized). Each patient was monitored for 13 weeks.
After the screening phase, baseline values on pain scales, questionnaires,
and medications were recorded during a 1-week phase (Figure 1). This
was followed by 4-week treatment phase A with either placebo or CBDV.
A subsequent 3-week washout phase was included to eliminate potential
carry-over effects. The duration of the washout phase was based on data
showing an accumulation of cannabinoids (CBs) in fatty tissue result-
ing in a halflife of about 5 days after long-term oral administration.'”
Thereafter, another 1-week baseline phase ensued, followed by treatment

phase B. Patients were then followed up for another 3 weeks. Throughout
the study, the patients documented data in diaries (see also study protocol
in Supplementary Materials).

Study participants

Participants were recruited through personal contacts to physicians and
patient-advocacy groups in the greater Berlin area, as well as by advertise-
ment in the Berlin public transportation system. Before inclusion, sub-
jects were screened for age (18—65 years), vital signs, and pain intensity
(= 4 on an 11-point numeric rating scale (NRS)). The diagnosis of HIV-
associated sensory neuropathy was confirmed by a clinician (C.S., M.C.,
or M.L.) based on patient history, the Douleur Neuropathique 4 inter-
view (DN4i), and the Clinical HIV-associated Neuropathy Tool !
Exclusion criteria were pregnancy and lactation, major psychiatric con-
ditions, severe diseases of the central nervous system, hepatic, renal, or
cardiovascular diseases, or use of conventional cannabinoids (CBs), ex-
amined by blood test. Electrocardiograms were recorded on the day of
screening and analyzed for abnormalities by an experienced cardiologist
(A.M.). Infection with hepatitis virus B or C and AIDS-defining discases
were debarred by consulting HIV specialists. The use of concomitant an-
algesics (including antidepressants and anticonvulsants) as needed was
permitted throughout the study. Standard laboratory values (full blood
count, liver function tests, electrolytes, glucose, urea, cholesterol, creati-
nine, creatinine kinase, protein, and international normalized ratio) were
recorded on the day of screening and during the trial.

Outcome measurements

The primary outcome was pain intensity measured thrice a day
(8:30 aM, 1:00 p™, and 7:00 PM) by an 11-point NRS (0 = no pain
to 10 = worst pain imaginable), as documented in the patient diary.
For cach day, the arithmetic mean of the three NRS scores was deter-
mined. According to several previous studies on neuropathic pain,*>*’
a decrease of mean NRS values by at least 20% between the last day
of baseline measurement and the last day of treatment was defined
as a clinically relevant effect (responder). The number of responders
and nonresponders to each treatment was determined. Secondary
end points were pain characteristics, quality of life, and sleep, mea-
sured by iucstionnaircs. We used painDETECT,24 the Brief Pain
Inventory,” and the DN4i*! for evaluation of pain intensity and pain
characteristics, the Hospital Anxiety and Depression Scale”® to eval-
uate anxiety and depression, and the 36-Item Short Form Survey,27
the Patient Global Impression of Change,*® and the Insomnia Severity
Index for quality of life and sleep,” respectively. All questionnaires
were applied on the last day of each baseline phase and on the last day
of each treatment phase, except Patient Global Impression of Change,
which was only used at the end of each treatment phase. Concomitant
medication and side effects were recorded in the patient diary. For
the analysis of concomitant pain medication, we used the Medication

V1. V2: V3: V4: V5: V6: V7: V8:
_ Day 1 Day 7+2 Day 21+2 Day 35+2 Day 56+2 Day 63+2 Day.77:|:2 Day 9;
. s (3 - st Y ) & A :
Treatment phase A Treatment phase B
Cannébldlvarln Wash-outphase | | | Baseline 2
Screening || Biseﬁ,,: 1 4 weeks 3 weeks : 1 week
wee Wash-outphase | _: | Baseline 2 Placebo
3 weeks : 1 week 4 weeks
: 7 Days ? 14 Days 14 Days 21 Days 7 Days 14 Days 14 Days ’

Figure 1 Study design. R, randomization; V, visit.
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Quantification Scale (MQS) in its third version, which assigns a score
(on an unlimited scale) based on the detrimental effects and dose of
. .. 30 . K R
cach pain medication.” For analysis of side effects, patients were asked
to document any adverse or unusual events. These were discussed with
a study physician at each visit. For standardized documentation, we
used paper-based tables and classified the events with the Common
Terminology Criteria for Adverse Events, version 4.03.

Randomization, allocation concealment, and blinding
Randomization to the sequence of treatments occurred in blocks of four by
use of paper-based, computer-generated random lists, which were stored in a
locked cabinet. Included patients were pseudonymized by generating a serial
number (ID). Allocation to the treatment sequence was documented and
kept in sealed envelopes. All patients and staff involved in patient contacts
and assessment of outcomes were blinded until the end of the study.

Monitoring

Two independent monitors conducted unblinded monitoring of patient
safety and adherence to good clinical practice principles throughout the
trial.

Investigational Medicinal Products

The active agent and placebo, both dissolved in sesame oil, were iden-
tically appearing and tasting solutions. The Investigational Medical
Products was packaged in amber-glass bottles by GW Pharmaceuticals.
All bottles were subject-specific and marked with the patient ID. The
bottles with active agent contained 50 mg CBDV/mL. Patients were in-
structed to use 8 mL of the solution orally every morning at 9 AM, corre-
sponding to 400 mg CBDV in the verum treatment phase (for detailed
information see Table S1). The dose was chosen based on preclinical
and clinical phase I studies, showing that daily doses between 200 and
800 mg were well-tolerated.’

Inactivation of HIV in blood samples, DNA isolation, and

genetic analysis

Blood samples were obtained during the last visit from 28 patients who
gave consent for genetic analysis. Five mL of peripheral venous blood was
mixed with 15 mL of red cell lysis solution (Epicentre R) and incubated
at room temperature for 10 minutes. After centrifugation, supernatant
was discarded, and the pellet was dissolved in 7.5 mL tissue and cell lysis
solution (Epicentre R). The solution was kept at 65°C for 1 hour for inac-
tivation of HIV and cell lysis. Samples were then stored and transported
at —20°C until genotyping by deCODE Genetics (Reykjavik, Iceland).
Whole genome sequencing was performed by the Infinium Global
Screening array (GSA24, Illumina).

Statistics
Sample size was calculated by nQuery Advisor 7.0 based on the pri-
mary end point (NRS scale) and the crossover study design. According
to previous literature, a pain reduction by 20% upon verum com-
pared with placebo and a common SD for the period differences of
2.5 seemed to be achievable and would have been clinically meaning-
ful.>**3% We calculated that 21 patients per sequence group were
sufficient to show this effect (e.g., a reduction of 20% from 6 points
to 4.8 points) with a power of 85% and a two-sided type I error of
0.05 using a paired z-test for 2 x 2 crossover designs. To account for
an estimated 15% dropouts, we aimed at a total of 50 patients. Because
some guidelines define higher pain reductions as clinically relevant,”
we also provide 30% and 50% pain reduction analyses to allow our
data to be used in data syntheses.

Statistical analysis was based on the intention-to-treat principle (i.e.,
every patient who started treatment and had at least one post-baseline
measurement of the primary end point was included in the full set for
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the efficacy analysis). Continuous variables are shown as mean, SD,
and range, whereas categorical parameters are given as absolute and
relative frequency. For the continuous end points, first, the difference
between sequence-specific baseline and the value after treatment was
calculated. Then, for each individual the difference between the two
treatment effects (C-P) was determined. A paired #test taking period
effects into account was used for comparing the two treatments. In
case of non-normality of data distribution, a nonparametric version
was applied instead. The 95% confidence intervals (Cls) were calcu-
lated for the treatment effects. Further, for the primary end point, a
random subject intercept mixed model was calculated. This model used
the change of NRS values from phase baseline to post-treatment as de-
pendent variable, and treatment, phase, and NRS phase baseline value
as independent variables. All P values resulting from the analyses have
to be considered as nonconfirmatory using a cutoff of 0.05. All analyses
were done using R (version 3.5.0)* (see also statistical analysis plan in
Supplementary Materials).

Study approval

Weritten informed consent was obtained from all participants prior
to inclusion in the study. The trial protocol, patient information,
and informed consent sheets were approved by the ethics committee
of the state regulatory authority Berlin (Landesamt fiir Gesundheit
und Soziales; 15/0255 EK 13) and the German Federal Institute for
Drugs and Medical Devices (Bundesinstitut fiir Arzneimittel und
Medizinprodukte; 61-3910-4040377). The CONSORT guidelines
and checklist, good clinical practice principles, and the Declaration
of Helsinki were strictly followed. The study was registered at
EudraCT (https://www.clinicaltrialsregister.eu/) under number

2014-005344-17.

RESULTS

Patient population

From January 2015 to September 2018, a total of 194 patients
were contacted by email or phone, of which 55 were screened
in the study center. Screening was terminated as planned at the
end of financial support. Thirty-four patients gave informed
consent and were assigned a patient ID. The data of two pa-
tients could not be used for final efficacy analysis due to missing
data or screening failure but were included in the safety popu-
lation (for more information see Figure S1). Characteristics of
the remaining 32 patients included in the efficacy analysis are
shown in Table 1. All patients met the inclusion criterion of a
positive DN4i (> 3) and Clinical HIV-associated Neuropathy
Tool. Of the remaining 32 patients, 4 dropped out during the
study but were not excluded from analysis. Patients were ran-
domized to receive CBDV in treatment phase A followed by
placebo in treatment phase B (C-P), or placebo in phase A fol-
lowed by CBDV in phase B (P-C).

Primary end point

Overall, mean pain intensity (NRS) at the end of CBDV treat-
ment was 0.62 points higher compared with placebo; this dif-
ference was not significant (P = 0.16, 95% CI —0.27 to 1.51)
(Figure 2, Figure 3, Table S2). The mixed model provided very
similar resules (difference 0.63, 95% CI —0.05 to 1.32). The dif-
ferences between mean NRS at the end of the treatment and
baseline were not statistically significant for any substance or
treatment phase (Figure 3). The mean NRS value at the end


https://www.clinicaltrialsregister.eu/
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Table 1 Data on day of initial screening

Treatment sequence

Treatment sequence

CBDV-Placebo Placebo-CBDV Total

Male, n 16 15 31
Female, n 0 1 1
Age, years Mean (SD) 52.31 (8.06) 48.31 (9.62) 50.31 (8.96)

range 36-65 31-65 31-65
NRS score (0-10) Mean (SD) 6.12 (1.15) 6.44 (1.59) 6.28 (1.37)

range 4-8 4-9 4-9
DN4i (0-7) Mean (SD) 5.19 (1.17) 5 (0.89) 5.09 (1.03)

range 3-7 4-6 3-7
Duration of pain, years Mean (SD) 16.47 (7.91) 9.94 (8.77) 13.1 (8.87)

range 2-30 1-27 1-30
Duration of HIV infection, Mean (SD) 24.88 (9.17) 17.81 (10.81) 21.4 (10.2)
years

range 3-33 2-32 2-33
On cART, n 16 15 31

cART, combined antiretroviral therapy; CBDV, cannabidivarin; DN4i, Douleur Neuropathique 4 interview; NRS, Numeric Rating Scale.
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Figure 2 Pain intensity over time. Descriptive presentation of pain intensities per day (means) by treatment sequence. Cannabidivarin (CBDV)-
placebo (black, broken line); placebo-CBDV (grey, continuous line). BL, baseline; NRS, Numeric Rating Scale.

of follow-up (3 weeks after end of treatment phase B) was 2.74
(SD = 1.47) in the C-P group and 3.67 (SD: 2.62) in the P-C
group. During CBDV treatment, 9 patients experienced a mean
pain reduction of at least 20% and were therefore classified as
CBDV responders. By the same criteria, 19 patients were clas-
sified as placebo responders. Based on a 30% pain reduction,
6 patients were CBDV-responders and 13 patients responded
to placebo. A 50% pain reduction was experienced by 1 patient
under CBDV and by 9 patients under placebo.

Secondary end points

No statistical differences between CBDV and placebo were de-
tectable by any of the questionnaires analyzing pain characteris-
tics, sleep quality, subjective impression of change, or quality oflife
(Table 2, Figure 4). No significant changes in specific parameters
in the painDETECT questionnaire were detectable. Overall, the
intake of additional pain medication, measured by the MQS, was
not significantly different between CBDV and placebo (median
treatment effect of CBDV compared with placebo = 0, P = 0.52,
95% CI —0.05 to 2.85; nonparametric rank sum test; Figure S).

o
t
'
'
'
'
'
'
H—
I
'
'
'
'
'

'
N

NRS difference to BL
I\

s
g
3118 2 )
£
<
-4 b
5V :
CBDV CBDV Placebo Placebo
Phase 1 Phase 2 Phase 1 Phase 2

Figure 3 Pain intensity difference by treatment and phase.
Differences (medians) between numeric rating scale (NRS) values on
the last day of cannabidivarin (CBDV; white) and placebo (grey) phases
and baseline (BL) values, respectively. Negative values indicate pain
reduction; bars indicate minimum and maximum values; dots indicate
values outside of 1.5* interquartile range (paired t-test; n = 32).
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Table 2 Effects of CBDV vs. placebo assessed by
questionnaires

Questionnaire (score range) Effect CBDV vs. placebo

painDETECT (0-38) -0.84 (P =0.53, 95% Cl

-3.59 t0 1.91)
DN4i (0-7) —-0.50 (P =0.18, 95% CI -1
to 0.50)
BPI (pain intensity) (0-10) +0.23 (P = 0.76, 95% ClI
—-0.63 t0 1.25)
BPI (influence on daily living) -0.35 (P =0.22, 95% CI
(0-10) -1.36 t0 0.43)
HADS (anxiety) (0-21) -0.60 (P =0.51, 95% Cl
—2.44 t0 1.24)
HADS (depression) (0-21) 0 (P=0.91, 95% Cl -1.50
to 1.50)
ISI (0-28) -1.50 (P =0.24, 95% ClI
-5.50to0 1)
PGIC (0-7) -0.50 (P = 0.26, 95% Cl
-1.50 to 0.50)

painDETECT and DN4i: higher values indicate presence of neuropathic pain;
PGIC: higher values indicate a subjective improvement; all others: lower values
indicate lower impairment. Paired t-tests, see Methods.

BPI, Brief Pain Inventory; CBDV, cannabidivarin; Cl, confidence interval; DN4i,
Douleur Neuropathique 4 interview; HADS, Hospital Anxiety and Depression
Scale; ISI, Insomnia Severity Index; PGIC, Patient Global Impression of
Change.

After CBDV treatment, the differences in MQS values between
baseline and end of treatment were + 1.13 (SD = 7.13) in the C-P
group and —0.16 (SD = 0.61) in the P-C group. After placebo
treatment, these differences were + 0.11 (SD = 3.79) and —1.87
(SD =5.26) in the C-P group and P-C group, respectively.

Adverse events

Thirty-one patients (91.2%) experienced at least one adverse event
(AE) during CBDV treatment; and 27 patients (79.4%) had at
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Figure 4 Treatment effects on quality of life. Differences (medians)
between cannabidivarin (CBDV) and placebo effects as measured
by SF-36. Bars indicate minimum and maximum values; dots
indicate values outside of 1.5* interquartile range (paired t-test;

n = 32). BP, bodily pain; GH, general health; MH, mental health; PF,
physical functioning; RE, role emotional; RP, role physical; SF, social
functioning; SF-36, 36-ltem Short Form Survey; VT, vitality.
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least one AE during placebo. During cach treatment (CBDV or
placebo), nine patients (26.5%) experienced an AE that was con-
sidered to be related to study medication (Table $3). One serious
AE (acute myocardial infarction) was recorded during CBDV
treatment but was judged as not related to study medication. This
patient (male, 62 years) had the following cardiovascular risk fac-
tors: history of arterial hypertension, transient ischemic attack,
pulmonary embolism, and factor-V-Leiden mutation. The most
common AEs were diarrhea and dry mouth (3 cases during cach
treatment; Table $3). The incidence of AEs was similar in both
treatment phases. All AEs were of low or moderate severity; one
patient withdrew study participation due to an AE (cough) during
CBDV treatment. This was considered related to treatment. No
clinically relevant or medication-related changes of laboratory val-
ues were noted.

Genetic analysis

Samples from 28 patients who gave consent to genetic anal-
ysis were genotyped using the Infinium Global Screening
array (GSA24; Illumina), and whole genome sequencing was
performed on this subset of patients by deCODE Genetics
(Reykjavik, Iceland). The small sample size did not allow a
meaningful genomewide association analysis of response.
However, these data may have utility in future meta-analysis
efforts, and can be queried for the role of individual markers
identified in other studies.

DISCUSSION

CBDV failed to reduce neuropathic pain intensity in patients with
HIV. Additionally, we could not observe any statistically or clini-
cally significant effects on use of supplementary pain medication,
specific pain characteristics, or quality of life. CBDV and placebo
produced similar rates of AEs, which were of mild to moderate
severity.

According to data on CB receptor knock-out mice and pharma-
cological studies, the mechanisms underlying analgesic effects of
CBs are thought to be based on the activation of CB1 and/or CB2
receptors, leading to an inhibition of pain signal transmission and/
or anti-inflammatory effects.'>*>3 This may either be achieved by
exogenous CBs or by inhibiting enzymes degrading endocannabi-
noids (fatty acid amide hydrolase and/or monoacylglycerol lipase).
Costa ez al. also showed that antinociception can be produced by a
CB re-uptake inhibitor in rats.”” In addition, effects of phytocanna-
binoids not primarily activating CB receptors have been described.*

CBDV is mainly known for its anticonvulsant effects.”®
Limited preclinical data indicated the occurrence of antinocicep-
tive effects without binding to CB rcceptors.31 Antinociceptive
effects of CBs not activating CB receptors were observed in an-
imal studies” but not in humans so far. Different mechanisms
of action were hypothesized, such as inhibition of diacylglycerol
Iipase—(x,40 another enzyme influencing endocannabinoid. Some
groups observed an activation of transient receptor pot:entials40
and postulated that this activation could lead to desensitization
of sensory neurons. ™!

To evaluate clinical effects, we assessed both pain intensity and
the amount of supplemental pain medication. A dose reduction
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Figure 5 Medication quantification scale (MQS) values over time. Descriptive presentation of MQS values per day (means) by treatment
sequence. Cannabidivarin (CBDV)-placebo (black, broken line); placebo-CBDV (grey, continuous line); baseline (BL); n = 32.

of additional pain medication can minimize detrimental side
effects and can therefore be useful. CBDV, however, did not
significantly change pain intensity or the use of additional pain
medication as compared with placebo. Potentially promising
effects may be assumed in Figure S but should be considered
visually misleading because real differences on the unlimited
MQS were small and not statistically significant. We also exam-
ined whether CBDV can influence pain characteristics, such as
burning sensation, numbness, or heat hyperalgesia. Due to the
possible involvement of TRPVI,40 a receptor that is responsible
for heat sc:nsation,42 one might assume that CBDV can alleviate
burningsensations in patients with neuropathic pain. In the pain-
DETECT questionnaire, however, CBDV did not influence any
specific pain characteristics. To our knowledge, this is the first
study investigating the influence of CBDV on such parameters.

Overall, CBDV was ineffective in our trial. This is in line with
recent extensive meta-analyses that did not detect clinically rele-
vant analgesic effects of CBs in humans with chronic noncan-
cer 13;1in.14’43 The analysis by Stockings ez 4/. included all CBs,
all study designs, considered all outcomes recommended by the
IMMPACT group, and it assessed the clinical relevance of these
findings.14 In our study, a notable (but statistically nonsigniﬁcant)
pain reduction was observed in patients receiving placebo during
the first phase (P-C) and a difference between the groups was vis-
ible at baseline A (Figure 2). However, on the day of screening,
the NRS scores were quite similar (Table 1). Because patients were
randomized and did not receive any test substances before baseline
A, this NRS difference was due to chance. Another NRS differ-
ence is visible in group P-C between baselines A and B (Table S2).
To account for baseline variations in the statistical analysis, we in-
cluded sequence-specific baseline values into a linear mixed model.
It is conceivable that patients who were not treated sufficiently for
pain before entering our study benefitted psychologically due to
the enhanced attention in the setting of a clinical trial. Similar find-
ings were reported in several previous studies and meta-analyses on
neuropathic pain in patients with HIV.*% This underlines the
importance of a multidisciplinary approach, including psychother-
apy, to treat chronic pain.

Chronic pain negatively influences many other facets of the pa-
tient s life according to the biopsychosocial model of pain.3’12’47
CBs are known to influence emotional processes. For example,
the CB receptor agonist A9-tetrahydrocannabinol may reduce

the unpleasantness but not the intensity of pain.48 We did not ask
our patients about previous use of CBs. However, CBDV failed
to improve any of these features in the current study. Again, this
is in agreement with previous meta-analyses that did not find sig-
nificant impacts of CBs on physical or emotional functioning in
patients with chronic noncancer pain.14

CBDYV does not bind to CB—receptors3l’38 and therefore should
not show typical CB receptor-mediated psychotropic side effects,
such as euphoria, reduced anxiety, or feeling “high,”49 consistent
with our findings. Because the most common side effects (diarrhea
and dry mouth) did not differ between CBDV and placebo, we
do not consider these AEs related to CBDV treatment. However,
they could be associated with the sesame oil solution. We only ob-
served side effects of low to moderate severity and only one patient
withdrew due to such effects. For a more detailed analysis, a larger
number of patients may be advantageous.

One serious AE (myocardial infarction) occurred during treat-
ment with CBDV but was not considered related to CBDV. There
are data supporting increased cardiovascular risk due to canna-
binoids, but these data suggest a CB-receptor mediated mecha-
nism.”” CBDV and its major metabolites lack appreciable affinity
and functional activity at the CBl—reccptor38 and neither clinical
nor preclinical data point out any increase in cardiovascular risk.
Therefore, the available information suggests that an association
between CBDV and myocardial ischemia is unlikely.

We were able to obtain blood samples from most patients, but
this sample size was not sufficient for a meaningful genomewide
association study regarding treatment responses. However, these
data are available upon request and may have utility in future me-
ta-analysis efforts.

The time frame for patient inclusion was limited by the end of
financial support. Due to additional, unexpected recruitment dif-
ficulties (many patients lost interest because we could not offer
a satisfying remuneration), we could only enroll 16 patients per
treatment sequence group instead of a planned sample size of 21.
Although a larger patient number might have been desirable, we
would not expect a marked change in the conclusions because the
present results are far from statistical significance. Even the lower
border of the 95% CI of the mean differences in NRS score does
not promise any clinical relevance.

To conclude, this study showed that CBDV did not elicit more
adverse side effects than placebo but failed to alleviate neuropathic
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pain or associated parameters in patients with HIV. We presume
that activation of CB receptors is necessary for significant analge-
sia. This was the first study investigating CBDV for neuropathic
pain and further research with larger numbers of patients and pos-
sibly other types of neuropathic pain is desirable. However, because
our results did not reveal any significant differences, we would not
consider CBDV a clinically meaningful treatment option for HIV-
associated neuropathic pain.

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