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ABSTRACT

Background. Chronic pain is prevalent but difficult to treat in patients undergoing hemodialysis (HD). Effective and safe
analgesics are limited in this patient population. Our aim in this feasibility study was to evaluate the safety of sublingual
oil based medical cannabis for pain management in patients undergoing HD.
Methods. In a prospective randomized, double-blind, cross-over design, patients undergoing HD with chronic pain were
assigned to one of three arms: BOL-DP-o-04-WPE whole-plant extract (WPE), BOL-DP-o-04 cannabinoid extraction (API) or
placebo. WPE and API contained trans-delta-9- tetrahydrocannabinol‏ (THC) and cannabidiol (CBD) in a 1:6 ratio (1:6,
THC:CBD). Patients were treated for 8 weeks, with subsequent 2-week wash out, followed by a cross-over to a different
arm. The primary endpoint was safety.
Results. Eighteen patients were recruited and 15 were randomized. Three did not complete drug titration period due to
adverse events (AEs) and one patient died during titration due to sepsis (WPE). Of those who completed at least one
treatment period, seven patients were in the WPE arm, five in the API and nine receiving placebo. The most common AEs
were sleepiness, which improved after dose reduction or patient adaptation. Most AEs were mild to moderate and
resolved spontaneously. Serious AEs considered related to study drug included one episode of accidental overdose (WPE)
leading to hallucinations. Liver enzymes were stable during cannabis treatment.
Conclusions. Short-term medical cannabis use in patients treated with HD was generally well tolerated. The safety data
supports further studies to assess the overall risk–benefit of a treatment paradigm utilizing medical cannabis to control
pain in this patient population.
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LAY SUMMARY

Pain management in patients treated with dialysis is challenging, with an unmet need for safer analgesics. The
endocannabinoid system is a pharmaceutical target for pain management that could potentially improve additional
pain-related symptoms; however, its safety in patients treated with dialysis has not been proven. In the current
feasibility study, we conducted a randomized, double-blind, cross-over study to assess the safety of sublingual
oil-based cannabis preparation for medical use in hemodialysis patients. The study was comprised of three arms:
whole-plant cannabis extract, cannabinoid extraction or placebo. Fifteen patients were randomized. Most adverse
events were mild to moderate and resolved spontaneously. Serious adverse event considered related to study drug
included one episode of accidental overdose that led to hallucinations. Overall, we demonstrated that a supervised,
carefully titrated, short-term medical cannabis use was generally tolerated and was not associated with increased
safety signals.

GRAPHICAL ABSTRACT
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INTRODUCTION

Chronic pain is prevalent in patients undergoing maintenance
hemodialysis (HD), with 50%–80% reporting such symptoms
[1–4]. Pain is frequently accompanied by sleep disturbances, de-
pression and anxiety, which substantially reduce health-related
quality of life [5].

Pain management in patients with end-stage kidney disease
(ESKD) is challenging. Similar to the general population, phar-
macologic therapies for pain control are usually introduced ac-
cording to the World Health Organization’s “analgesic ladder.”

However, in patients with ESKD there is a shortage of approved
medications, especially for more severe or nociceptive pain. Un-
der these circumstances, patients are often treated with opioids
exposing them to possible side effects such as nausea, anorexia,
constipation, fatigue, impaired cognition and risk of addiction
[6–8]. Hence, there is an unmet need for safer analgesics to treat
patients with ESKD who have significant pain symptoms.

The endocannabinoid system is a promising pharmaceuti-
cal target for pain management that could potentially improve
additional pain-related symptoms such as loss of appetite or
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nausea [9]. Cannabis has two dominant active components:
delta-9-tetrahydrocannabinol (THC) and cannabidiol (CBD).
When administered concomitantly, CBD potentiates the anal-
gesic effects of THC while reducing its psychotropic effect
[10]. There are two pathways of cannabinoid-based drug de-
velopment: whole-plant extracts can be derived directly from
the cannabis plant, which contains an admixture of com-
pounds not necessarily contributing to its desired pharma-
cological and clinical effects. Alternatively, a single molecule
approach can be taken, whereby individual phytocannabi-
noids (active ingredients are extracted) or novel cannabi-
noids with therapeutic potential are identified and synthe-
sized, enhancing drug precision [11, 12]. In the general pop-
ulation, cannabis has a moderate effect on pain reduction
and is used for various indications. However, data regarding
its use in patients undergoing maintenance HD are scarce
[13–15].

The aim of this exploratory study was to evaluate the safety
of cannabis oil in patients treated with HD, in order to facilitate
larger studies and establish the ability of this approach to mod-
ulate pain and related symptoms.

MATERIALS AND METHODS

This prospective, randomized, double-blind, three-arm, cross-
over, feasibility study was conducted at an ambulatory dialy-
sis unit in a large tertiary hospital in Tel-Aviv, Israel. The study
protocol was approved by the Hospital’s and Israeli Ministry
of Health’s ethics committees and was performed according to
GCP-ICH requirements (study registration number MOH 2018-
08-05_003 562).

Study population

Patients treated with maintenance HD who have chronic pain
(>3 months) were eligible if their pain persisted despite us-
ing conventional analgesic treatment or experienced signifi-
cant side effects that prompted drug discontinuation. Inclu-
sion criteria included age 30–80 years, pain level ≥5 reported
by visual analogue scale (VAS) [16], opioids maximal dose
below 40 mg/day of morphine (or an equivalent), cannabis
abstention at least 3 months before study enrollment, and
the ability and willingness to sign informed consent. Patients
were excluded if they had a major psychiatric disorder or
past drug/alcohol abuse, a significant cardiovascular disorder
(including but not limited to: myocardial infarction within the
previous 6 months, congestive heart failure with ejection frac-
tion below 30% or tachycardia), uncontrolled hypertension de-
fined as pre-dialysis blood pressure above 160/100 mmHg, se-
vere central neurological dysfunction or co-administration of
drugs interfering with cannabis metabolism. At screening, all
patients filled out a Generalized Anxiety Disorder assessment
(GAD-7) survey [17]; those with evidence of severe anxiety were
excluded from participation andwere referred to a psychiatrist’s
consultation.

Study endpoints

The primary endpoint was safety assessment of cannabis treat-
ment in patients undergoing maintenance HD. These were de-
scribed using the adverse events (AEs) and serious AE (SAEs)
records, and laboratory follow-up, particularly alterations in
liver enzymes.

Secondary endpoints included estimated pain reduction us-
ing Brief Pain Inventory (BPI) and VAS scores, change in kid-
ney disease–related symptoms assessed by modified Edmonton
symptom assessment (ESAS), and change in appetite.

BPI evaluates pain using different scales. It assesses both lo-
cation and intensity of the pain throughout the last 24 h and its
interference in the patient’s life [18]. On a scale of 1–10, patients
are asked to describe their minimal, maximal and average pain
during the 24 h before assessment.

The VAS score, which rates pain intensity, is a sensitive tool
for assessing pain and treatment effects [19].

The modified ESAS uses a 0–10 scale to evaluate 10 com-
ponents: pain, activity, nausea, pruritus, depression, anxiety,
drowsiness, appetite, well-being and shortness of breath. A total
symptom distress score of 0–100 is calculated [20].

Change in appetite was also assessed, using a designated ap-
petite questionnaire. A score ≤14 in this questionnaire was as-
sociated with a risk of at least 5% weight loss within 6 months
[21].

Study design and conduct

The study design is presented in Fig. 1. The screening period
lasted 4 weeks. At the screening visit, patients provided in-
formed consent, and eligibility was determined. Additionally,
patients were asked to fill out the GAD-7, VAS, BPI, modified
ESAS and appetite questionnaire. During the screening period,
patients were assessed weekly for symptoms and modifications
in medications. Before randomization, participants were issued
a license for cannabis possession and consumption for medical
purposes by the ministry of health.

Patients were randomly assigned to one of three arms:
whole-plant extract (WPE) arm, purified cannabinoid [active
pharmaceutical ingredient (API)] arm or placebo. Each treatment
period comprised 2 weeks of titration, followed by 6 weeks of ac-
tive stable-dose treatment. After completing the first treatment
period, patients entered a 2-week washout period, followed by
crossing over to a different treatment arm. Each patient was
planned to participate in two out of three study arms. Patients
were followed for 30 days after the study drug discontinuation
of the second treatment arm.Data collection and questionnaires
answering schedule are presented in Supplementary data, Table
S1.

Study drug

Flowers from Cannabis sativa L. (proprietary strain; BOL Pharma,
Israel) were dried, ground and decarboxylated at 125°C. The de-
carboxylated plant material was subjected to CO2 extraction.
The extract was either immediately dissolved in olive oil (BOL-
DP-o-04 WPE) or underwent further purification to ≥97% pure
CBD and THC and then was dissolved in olive oil (BOL-DP-o-04).
The final concentrations of CBD and THC in both solutions were
147 mg/mL CBD and 24.5 mg/mL THC. Flavorings were added
to all three study drugs (BOL-DP-o-04, BOL-DP-o-04 WPE and
placebo) to make taste and scent uniform.

The study drug was given sublingually dissolved in olive oil.
The cannabis and placebo were packaged in identical bottles
with similar appearance and taste. Both thewhole-plant and the
purified cannabinoid contained THC and CBD in a 1:6 ratio (1:6
THC:CBD).

Each oil drop contained 0.034 mL, three drops (0.1 mL) con-
tained 2.5 mg THC and 15 mg CBD. First administration was
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Figure 1: Study design and consort.

given by healthcare providers at the end of a dialysis session,
with side effects and vital signs monitoring. The patients re-
mained at the dialysis unit for 2 h to assure they had no
immediate side effects or allergic reactions. Thereafter, study
drug was taken at home by the patients, according to a titra-
tion table provided.All patients were educated on safe drug han-
dling. The titration table is presented in Supplementary data,
Table S2. Titration started with three drops once daily, gradu-
ally up-titrated according to study protocol to three drops three
times per day by the end of the first week. If the patient did not
experience side effects, study drug was further increased to a
maximal dose of six drops three times daily. In the event that pa-
tients experienced side effects, the dose was either unchanged
for a longer period or reduced to the previous dose. If analgesic
control was achieved according to VAS score, patient remained
on the effective dose without further dose escalation. The pro-
tocol was amended during the study due to patients’ tolerability,
after an 80-year-old patient reported weakness and one female
patient developed hypotension treated by normal saline follow-
ing the first dose, and titration started with one drop twice daily.
The maximal target dose did not change with the revised titra-
tion protocol.

Statistical analysis

Descriptive data is presented as mean [standard deviation (SD)]
for normally distributed datasets, and median and interquar-
tile range (IQR) for skewed datasets, as appropriate. Due to its
feasibility nature, no formal calculation of sample size was per-
formed, and analyses are presented as descriptive statistics
without formal hypothesis testing.

RESULTS

Eighteen patients were recruited between October 2018 to
November 2019.

One patient died during the screening period, and two with-
drew their consent before randomization. Thus, 15 patients un-
derwent randomization, 13 (86.7%) were males, with mean (SD)
age of 64.1 (12.4) (Table 1).

In the first treatment period, five patients were randomized
to API, four to WPE and six to placebo. Study drugs were dis-
continued during titration in one, two and one patients in the
API, WPE and the placebo arm, respectively. Two discontinua-
tions were because of patient’s preference (one patient on WPE
due to sleepiness, one patient on placebo due to constipation).
The other two discontinuations were per principle investigator’s
(PI) decision: in one case of severe sepsis requiring amputation
(WPE, considered by the PI as unrelated to study drug) and in
another due to significant hypotension (API, considered by PI as
related). The hypotensive event led to titration protocol amend-
ment, which was performed after eight titration courses.

During the washout period, one patient was hospitalized due
to atrial fibrillation andmitral regurgitation,which led to prema-
ture studywithdrawal according to the PI’s decision.Accordingly,
10 patients started the second treatment period, all of whom
completed it and the 30-day follow-up (Fig. 1).

The final analysis included seven patients who completed
the WPE arm, five the API arm and nine the placebo arm.

Drug safety

The number of AEs, and the number of patients with an AE were
generally similar between treatment arms. There were 24 AE
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Table 1: Baseline demographic characteristics of the overall population according to treatment arms.

All (N = 15) Pacebo (N = 10) API (N = 6) WPE (N = 9)

Gender, n (%)
Female 2 (13.3) 0 (0.0) 2 (33.3) 1 (11.1)

Age (years)
Median (IQR) 64 (56.5–76.0) 64 (57.0–73.5) 65 (59.5–73.5) 68 (55.0–77.0)
Range 44–80 44–79 44–76 44–80

Height (cm)
Median (IQR) 170 (166.0–178.0) 176 (170.5–179.75) 171 (161.75–176.5) 170 (166.0–172.0)
Range 158–186 166–186 158–186 160–182

Weight (kg)
Median (IQR) 75 (69.5–84.45) 81.85 (72.525–86.85) 79.7 (70.0–86.85) 75 (70.0–81.2)
Range 47.0–107.0 69.0–107.0 67.4–99.0 47.0–107.0

BMI (kg/m2)
Median (IQR) 24.97 (24.28–28.145) 24.94 (24.43–29.04) 27.38 (25.48–28.33) 24.91 (24.22–28.52)
Range 17.5–36.17 21.82–36.17 24.7–32.33 17.5–36.17

Dialysis vintage (years)
Median (IQR) 2 (1.0–4.5) 2 (1.0–3.5) 2 (1.25–3.5) 4 (1.0–5.0)
Range 0.5–19.0 1.0–8.0 0.5–5.0 1.0–19.0

Diabetes, n (%)
Yes 7 (46.7) 5 (50.0) 2 (33.3) 4 (44.4)

Employed, n (%)
Yes 6 (40.0) 4 (40.0) 2 (33.3) 3 (33.3)

in 8/9 patients (88%) in the WPE arm, 22 events in 6/6 patients
(100%) in the API arm, and 19 events in 8/10 patients (80%) in
the placebo arm (Table 2). Somnolence and dizziness were the
most common AE in the active treatment groups, occurring in
five patients in the WPE, three in the API and one in the placebo
arm.

Overall, there were 18 SAEs involving seven patients. Four oc-
curred at screening, six in the WPE arm, four in the API arm,
three in the placebo arm and one during the follow-up period.
Only one SAE was considered by the PI as related to study drug
(drug overdose that caused hallucination and tachycardia in the
WPE arm).

Two patients died during the study. One patient died during
the screening period without receiving any study drug, due to
asystole during HD treatment, which was thought to be caused
by respiratory distress and hypoxia. Another patient died during
the titration period in the WPE arm due to sepsis caused by di-
abetic septic foot already presented at screening. His death was
considered unrelated to the study drug by the PI.

AE/SAE classification by the MedDRA system organ classes
are presented in Fig. 2.

Liver enzymes were tested monthly during the study period
and remained stable in all treatment arms (Fig. 3).

Pain reduction

At screening, maximal pain assessed by BPI (on 1–10 scale) was
7.4 in WPE, 7.1 in API and 6.9 in placebo. The absolute difference
in maximal pain from baseline to end of treatment period (EOT)
was –3.3 inWPE, 0.3 in API and –1.3 in placebo. Differences in av-
erage pain from EOT to screening were –1.9, 0.6 and –0.9 in WPE,
API and placebo, respectively. The differences between treat-
ment arms did not reach statistical significance (Supplementary
data, Fig. S1).

Average baseline VAS values were 73.3 for PLA, 77.0 for API
and 50.0 for WPE; therefore, they were not comparable between

groups. VAS score from baseline to EOT is presented in Supple-
mentary data, Fig. S2.

Concomitant symptoms

The difference in appetite questionnaire score between baseline
and EOT is presented in Supplementary data, Fig. S3.

The mean difference in ESAS score from screening to EOT
was –0.35, –1.4 and –0.1 in WPE, API and PLA, respectively, with
no significant difference between groups (Fig. 4).

DISCUSSION

In a randomized, double-blind, cross-over study, sublingual oil-
based cannabis preparation for medical use was well tolerated
and was not associated with a significant increased risk for AE
in patients with chronic pain undergoing maintenance HD. Due
to the small number of participants, and the study’s feasibility
nature, efficacy outcomes were described but not compared be-
tween groups. To the best of our knowledge, this is the first clin-
ical trial assessing the safety of cannabis use in this population.

Although recreational and medical cannabis is occasion-
ally used in patients treated with HD [3], we are unaware of
a prospective study that systematically assessed cannabinoids’
safety in this population. Excretion of most cannabinoids occurs
via feces, and only 20%–35%of THC is urinary excreted.The com-
pounds are highly protein-bound with a large volume of distri-
bution, and therefore unlikely dialyzable [14]. In a survey aimed
to evaluate nephrologist’s view regarding cannabis use in dial-
ysis patients, based on clinical experience, most nephrologists
supported cannabinoids use for refractory symptoms of pain,
decreased appetite, nausea, sleep disorders, etc., and encour-
aged clinical trials to assess safety and efficacy [22]. Such study
will also have to further assess its pharmacokinetics properties
among patients with ESKD.

Although participation in the trial was offered to all el-
igible patients, females were more reluctant to participate,
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Table 2: Adverse events according to trial period and according to study drug treatment.

Screening
period
(N = 18)

Treatment
with WPE
(N = 9)

Treatment
with API
(N = 6)

Treatment
with

placebo
(N = 10)

Washout
period
(N = 11)

Follow-up
period
(N = 10) Total

SAE
Number of patients
with SAE

3 3 1 2 0 1 NA

Number of SAE 4 6 4 3 0 1 18
SAE considered
possibly or definitely
related to study drug

0 2 0 0 0 0 2

Death 1 1 0 0 0 0 2

AE
Number of patients
with AE

2 8 6 8 5 3 NA

Number of AE 3 24 22 19 10 7 85
Number of AE leading
to study drug
discontinuation

2 1 1

Severity assessment of
AE and SAE
Number of severe
AE/SAE

3 5 2 0 0 1 11

Number of moderate
AE/SAE

1 8 4 5 1 6 25

Number of mild
AE/SAE

3 17 20 17 9 1 67

NA: not applicable.

therefore only two were screened. Consequently, gender differ-
ences in drug safety could not be tested. In the current study,
there was a relatively high number of AEs regardless of treat-
ment allocation. This could be explained by the population stud-
ies representing high risk patients with multiple comorbidities,
and by their frequent interaction with healthcare professionals
during HD sessions. Nevertheless, cannabis was not associated
with a higher drug-related side effects compared with placebo,
except for increased risk for somnolence, which generally im-
proved with surveillance and careful dose management. The
only SAE that was related to the study drug was an acciden-
tal overdose, which presented as tachycardia, hypertension and
hallucinations which lasted a few hours, and was managed by
closed supervision. API was also associated with two hypoten-
sive episodes in one patient,which led to drug withdrawal; how-
ever, there was no evidence that blood pressurewas affected sig-
nificantly in others. There is concern for potential cardiovascu-
lar side effects of THC and CBD in patients with ESKD, though
previous studies showed that under physiological conditions the
effect of CBD on the cardiovascular system is negligible and re-
garded as harmless [23]. THC, on the other hand, has sympath-
omimetic features, which may increase the risk of blood pres-
sure changes and tachycardia, especially when interacting with
other drugs [24]. We were reassured that cannabis use in our
study did not appear to be associated with an increased short-
term cardiovascular risk.

Illicit cannabis use can be associated with hepatomegaly
and elevated liver enzymes [25]. Cannabis was also related to
increased hepatic enzymes in animal models [26]. Therefore,
surveillance of liver enzymes was an important objective of the

study. Hepatocellular and cholestatic liver enzymes remained
stable throughout study period indicating drug safety.

Cannabis is effective for painmanagement in diverse patient
groups and indications [15, 27]. It may also improve sleep qual-
ity [28], uremic pruritus and other kidney disease–related symp-
toms [29]. As themain aim of this study was to assess safety, the
study was underpowered to assess efficacy. Nevertheless, in pa-
tients usingWPE, numerically fewer patients had appetite ques-
tionnaire score <14. Since pain is often accompanied by depres-
sion and anorexia [30], and as nutritional status is an important
determinant of morbidity in patients with ESKD [31], this trend
necessitates further study to assess the influence of cannabis
use on appetite and nutritional status in patients treated with
dialysis.

Pain management in patients with chronic kidney disease,
particularly ESKD, is challenging, often starting with conser-
vative tools [6] followed by pharmacologic therapy. The three-
step analgesic ladder recommended by the WHO has been val-
idated in patients with ESKD [32]. Acetaminophen is the drug
of choice for mild pain, while non-steroidal anti-inflammatory
drugs are generally avoided in patients with ESKD. Neuropathic
pain can be treated with pregabalin or gabapentin, followed by
anup-titration regimen of opioids for severe and intractable pain
[33]. Opioids are chronically used in up to 50% of patients treated
with HD [34], despite their multiple side effects, such as nau-
sea, constipation and somnolence. Patients treated with opioids
have also a higher prevalence of falls and fractures [35]. In ad-
dition, both their short- and long-term use is associated with
increased morbidity and mortality in patients treated with HD
[36]. Reduced opioids renal clearance may increase the risk of
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Figure 2: Adverse events by body system.
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Figure 4: Difference in ESAS score relative to its baseline value.

drug overdose and side effects on one hand, while accelerated
clearance during HD treatment may result in withdrawal symp-
toms on the other hand [35].Our study provides prospective data
regarding the safety of cannabis in patients treatedwith HD; fur-
ther research is needed to assess its safety and efficacy com-
pared with opioids or other strategies.

Limitations

The studywas a feasibility studywith safety as itsmain outcome
and was underpowered to assess efficacy. Recruitment was slow

for several reasons: patients had other options for cannabis use
and declined participation, others refused 3 months of cannabis
avoidance before study entrance, some were concerned about
using a drug perceived as illegal or feared side effects. It is possi-
ble that overly strict exclusion criteria also precluded study par-
ticipation. These difficulties may have led to selection bias.

Questionnaires to assess symptoms were taken during
screening and at the end of each treatment arm, but not before
initiation of the second treatment period. Only VAS was docu-
mented at all visits. This can partially influence efficacy results.
Drug titration was not identical in all patients, with protocol
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deviations according to adverse events. This represents a recom-
mendation for cannabis use in patients treated with HD, since
drug dosage and titration should be tailored according to pa-
tients’ characteristics and possible side effects,with close physi-
cian supervision.

CONCLUSIONS

A supervised, carefully titrated, short-term medical cannabis
use in patients treated with HD was generally tolerated and was
not associated with increased safety signals. Further studies are
needed to assess safety and efficacy, in larger and more diverse
populations with ESKD.
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