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ABSTRACT

Cancer pain (CP) is a prevalent condition with limited pharmacotherapeutic options.
Cannabis-based medicinal products (CBMPs) have shown analgesic effects, but their efficacy
in CP remains contentious. This study aims to evaluate the change in patient-reported
outcome measures (PROMs) and adverse events (AEs) in CP patients treated with CBMPs. A
case series was conducted using prospectively collected clinical data from the UK Medical
Cannabis Registry. Primary outcomes were the changes in the Brief Pain Inventory (BPI), pain
visual analogue scale (Pain-VAS), EQ-5D-5L, Generalized Anxiety Disorder-7 (GAD-7), Patient
Global Impression of Change (PGIC) and Single-Item Sleep Quality Scale (SQS) questionnaires
from baseline to 1, 3, and 6 months. AEs were recorded and graded. p < 0.050 was considered
statistically significant. One hundred and sixty-eight participants were included. CBMPs were
associated with improvements in all pain-specific PROMs at all follow-up periods (p < 0.050).
Improvements in GAD-7, SQS, and EQ-5D-5L index scores were also observed (p < 0.050).
Twenty-nine AEs (17.26%) were reported by five patients (2.98%), mostly mild-to-moderate
(72.41%). Although the observational design means causality cannot be established, the
findings support the development of future randomized controlled trials into CP management
with CBMPs.
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Introduction adverse events (AEs) of addiction and overdose

(10). The severity of these AEs is evident from

Cancer pain (CP) is defined by the International
the ongoing opioid crisis, reflecting a high prev-

Classification of Diseases as pain arising from

“the primary cancer itself or metastases” (1).
Cancer is a prevalent disease, with more than 1.4
million cases recorded between 2017 and 2022 in
the UK alone, and its incidence is expected to
rise (2). As CP affects 45% of cancer patients (3),
it is a growing public health concern.

Several guidelines recommend opioids for
managing CP (4-7), but up to 20% of patients
cannot tolerate their side effects (8), which
include constipation, nausea, vomiting, and seda-
tion (9). Moreover, long-term use risks serious

alence of misuse and opioid-related mortality
worldwide (11-13), particularly in the United
States (14). There is also a paucity of high-quality
evidence suggesting opioids are effective for CP
(8, 15). Subsequently, there is a need for addi-
tional pharmacotherapeutic options for CP.

In this context, the potential of targeting the

endocannabinoid system to manage CP has
garnered attention. Activation of the cannabinoid-1
receptor (CB;R) and cannabinoid-2 receptor
(CB,R) produces analgesic effects, evidenced by
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agonist activity of the endogenous cannabinoid
anandamide (16-20). CB,R activation in the
superficial dorsal horn leads to heterodimer for-
mation with p-opioid receptors (21), reducing
nociceptive firing and therefore, pain. CB,R acti-
vation also exerts antinociceptive effects, but
instead via the release of (-endorphins onto
peripheral p-opioid receptors (22).

Cannabidiol (CBD) and delta-9-tetrahydrocan-
nabinol (THC) are the most common cannabi-
noids derived from Cannabis sativa L. (23). THC
is a partial CB,R and CB,R agonist (24, 25). CBD
prevents anandamide breakdown by inhibiting
fatty acid amide hydrolase, enhancing anan-
damide signaling and, thus, acts as an indirect
CB,R agonist to cause analgesic effects (26-28).
CBD also exerts analgesic effects by inhibiting
transient receptor potential vanilloid-1 (TRPV1)
channels, decreasing inflammation through per-
oxisome proliferator-activated receptor-y (PPARY),
and by interacting with the 5-hydroxytryptamine
receptor 1 A (5-HT,,) receptor (29-34).

Cannabis use in cancer patients is common,
with over 40% having used it, often for pain (35).
In the late 1970s, three double-blind, placebo-
controlled RCTs demonstrated the effectiveness of
THC or its analogues in reducing CP (36, 37).
However, these studies were limited by low statis-
tical power and only short-term monitoring of a
few hours. Johnson et al. addressed this with a
large, multicenter RCT of 177 CP patients, finding
cannabis-based medicinal products (CBMPs) to
reduce pain (38), and confirming longer-term effi-
cacy in an extension study (39). There has been
little improvement in the quality and quantity of
the evidence base since this time. Consequently,
the International Association for the Study of Pain
(IASP) states that there is insufficient high-quality
evidence to recommend CBMPs for this indication
(40). The 2019 evidence review that shaped the
National Institute for Health and Care Excellence
(NICE) guidelines concluded that CBMPs reduced
chronic pain but were not cost-effective based on
quality-adjusted life year measures (41, 42).
However, the study did not differentiate chronic
pain by etiology. Wang et al. addressed this in
their meta-analysis (43), which informed a recom-
mendation to trial non-inhaled CBMPs for chronic
pain if standard care is insufficient (44). While

they found CBMPs to be associated with improve-
ments in pain severity for non-cancer chronic
pain, they did not find evidence of improvement
in CP. Notably, the meta-analysis is limited in its
generalizability as it contained no trials of inhaled
CBMPs (43). However, up to 60% of chronic pain
patients in the UK prescribed CBMPs administer
it via an inhaled route (45). Considering the mixed
findings in the literature (38, 46-48), there is a
need for further research on the efficacy of
CBMPs for CP.

The Cannabis for the Management of Pain:
Assessment of Safety Study (COMPASS) investi-
gated the safety of CBMPs in 431 participants
(49). The study found that CBMPs were not
associated with an increased risk of serious AEs.
Johnson et al. also reported that CBMPs have a
favorable safety profile (38). Their randomized
controlled trial (RCT) documented mostly
mild-moderate AEs of nausea, dizziness, and
somnolence and no treatment-related deaths.
Longer-term safety was corroborated by an exten-
sion study (39). A case series of palliative care
patients in the United Kingdom Medical Cannabis
Registry (UKMCR) similarly found CBMPs to be
well-tolerated. However, the small sample size
limited analysis and the findings were inconclu-
sive (50). This study will build on this, with a
larger sample size, longer follow-up, and a focus
on CP patients. The study will help provide evi-
dence relating to CBMPs in CP in a naturalistic
setting. It is an interim step to further evaluation
of CBMPs against other medications for CP using
the UKMCR. Furthermore, the outcomes can
help identify the most appropriate CBMPs for CP
and subsequently aid the design of RCTs. This
study primarily aimed to evaluate the change in
PROMs of patients enrolled in the UKMCR who
are prescribed CBMPs for the management of CP.
The secondary aim was to assess the incidence of
AEs associated with CBMPs prescribed in the
setting of CP.

Methods
Study design

This case series evaluated prospectively collected,
pseudonymized clinical data from the UKMCR



for patients prescribed CBMPs for CP. Patients
completed PROMs at baseline and follow-up
intervals of 1, 3, and 6 months, and reported AEs.

Formal ethical approval was obtained for the
UKMCR from the Health Research Authority
(Central Bristol Research Ethics Committee refer-
ence: 22/SW/0145). The reporting of this study
conforms with the Strengthening the Reporting
of Observational Studies in Epidemiology recom-
mendations (51).

Settings and participants

The UKMCR is the UK’s largest data platform for
CBMP patient outcomes, privately managed and
owned by Curaleaf Clinic (52). Participants are
recruited from all areas of the United Kingdom
and Crown Dependencies. All participants gave
written, informed, consent, preceding their con-
secutive enrollment.

Patients were included if they met the follow-
ing criteria: 1) Confirmation of a primary diag-
nosis of CP by a consultant physician; 2)
Enrollment in the UKMCR for > 6months; 3)
Completion of a minimum of one baseline PROM
questionnaire. Patients were excluded if they were
prescribed CBMPs for a primary indication that
was not CP.

Cannabis-based medicinal products

CP patients are only eligible to be prescribed
CBMPs if they have failed to gain sufficient
improvement in symptoms from licensed thera-
pies (53). All CBMP prescriptions adhered to the
mandatory standards set by the Good
Manufacturing Practice and the Medicines and
Healthcare Products Regulatory Agency (54, 55).
Formats of CBMPs include medium-chain tri-
glyceride oils or extracts formulated into capsules,
pastilles, and lozenges, administered sublingually or
orally. Dried flower was inhaled through a vapor-
ization device. Patients were counseled to discon-
tinue any non-prescribed cannabis at baseline.

Data collection

Clinicians collected baseline demographic data,
including age, gender, height, weight, body mass
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index (BMI), occupation, comorbidities, and current
medications. Additionally, Charlson-Comorbidity
Index (CCI) values were generated for each patient
using data on their age and comorbidities. Data was
also collected on their tobacco, alcohol, and canna-
bis history. Alcohol consumption was quantified in
units per week. Lifetime tobacco usage was quanti-
fied using pack years (56). Similarly, lifetime canna-
bis use was quantified using a novel metric called
‘gram years, calculated by multiplying the daily con-
sumption in grams by the number of years of con-
sumption (57). Clinicians and specialist pharmacists
documented specific details of the CBMPs
prescribed.

Self-reporting of PROMs is the gold standard
assessment for pain-specific outcomes in CP
patients (58). All participants were sent baseline
questionnaires upon enrollment. They were sent
follow-up questionnaires at 1, 3, and 6months
(59). The baseline observation carried forward
approach was used to handle missing PROM
data. This methodology replaces missing data
with that collected at baseline. This biases the
results toward a null finding, assuming no change
from baseline (60).

AEs were directly recorded by the patient,
either contemporaneously in an online form or
just before completing PROMs via a bespoke
electronic reporting platform. Alternatively, clini-
cians logged AEs during remote, follow-up con-
sultations. AEs were then graded and classified in
accordance with the Common Terminology
Criteria for AEs Version 4.0 (61).

Outcome measures

The primary outcomes were changes in PROMs
from baseline to 1, 3, and 6 months in all enrolled
participants. The secondary outcome was the
incidence of AEs in the same group. PROMs
were divided into pain-specific and general
categories.

Pain-specific PROMs

The Brief Pain Inventory short form (BPI) is a
2-part, 11-point scale, assessing pain severity and
interference (62). Pain ‘severity’ ranges from 0
(“no pain”) to 10 (“pain as bad as you can
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imagine”). Pain ‘interference’ with daily life ranges
from 0 (“does not interfere”) to 10 (“completely
interferes”). The minimum clinically important
difference (MCID) is a decrease of 1 point in
either severity or interference (63).

The pain visual analogue scale (VAS) is a
visual analogue scale where patients mark their
pain severity along a 10cm line, with Ocm repre-
senting “no pain” and 10cm representing “worst
pain” (64). The MCID for pain-VAS is a decrease
by 1cm (63).

General PROMs

The European Quality-of-Life 5 Dimension—5
Levels scale (EQ-5D-5L) evaluates patient prob-
lems in five health-related quality-of-life domains:
anxiety/depression, mobility, pain/discomfort,
self-care, and usual activities. Scores range from
‘1" (no problems) to ‘5’ (extreme problems) (65).
An index score is calculated from individual
domain values, reflecting overall health, with ‘1’
representing “full health” and <0 indicating
“worse than death”

The Generalized Anxiety Disorder-7 scale
(GAD-7) measures the frequency of seven anxi-
ety symptoms over the past two weeks. Anxiety
severity is classified based on the total score:
mild: 5-9; moderate: 10-14; severe: 15-21 (66).

Patient Global Impression of Change (PGIC) is
a 7-point numerical rating scale for patients to
report their improvement, with ‘1’ representing
“no change or condition has worsened” and 7’
indicating “considerable improvement” (63).

The Single-Item Sleep Quality Scale (SQS) is a
single-item numerical rating scale for patients to
rate their overall sleep quality over the past week,
scored from ‘0’ (terrible) to ‘10’ (excellent) (67).

Statistical analysis

Descriptive statistics were conducted on baseline
patient demographics. Parametric data was pre-
sented as mean+standard deviation (S.D.) and,
non-parametric data as median [interquartile
range (IQR)].

To examine the primary outcome of changes in
PROMs, a repeated measures analysis of variance
(ANOVA) was performed with Greenhouse-Geisser

correction to adjust for lack of sphericity. For sta-
tistically significant values on repeated measures
ANOVA, post-hoc multiple pairwise comparisons
were conducted to compare each period, with
Bonferroni correction to control for type I error.
Descriptive statistics were used to examine the
incidence of AEs.

Univariate and multivariate logistic regression
analyses were used to assess patient and
treatment-specific factors associated with clini-
cally significant improvements in pain severity.
For the univariate analyses, separate logistic
regression models were fitted for each indepen-
dent variable of interest against the binary out-
come of achieving an MCID on pain-specific
PROM scales. Odds ratios (ORs) and their 95%
confidence intervals (CIs) were calculated from
the logistic regression coefficients to estimate the
relative influence of each factor on achieving
MCID. Due to variables being intrinsically linked,
all variables were carried forward into a multivar-
iate logistic regression analysis (68).

Statistical analyses were performed using the
Statistical Packages for the Social Sciences version
29.0.2.0 (IBM SPSS Statistics v20) (IBM SPSS
Statistics for Macintosh, Version 29.0.2.0 Armonk,
NY: IBM Corp). Graphs were created in GraphPad
Prism version 10.2.2. Statistical significance was
defined as alpha < 0.050.

Results
Patient data

Data was extracted on December 13, 2023. At
this time, there were 19,763 patients enrolled in
the UKMCR. After inclusion and exclusion crite-
ria were applied to this sample, 168 patients were
included in the final analysis (Figure 1). Patients
were excluded for not having a single complete
baseline PROM (n=1,105, 5.59%), being enrolled
with the UKMCR for less than 6 months (n=5910,
29.90%) and for a primary diagnosis that was not
‘cancer pain’ (n=12,580, 63.65%).

Baseline demographics of study participants
are shown in Table 1. There were 102 (60.71%)
male participants and 66 (39.29%) female partic-
ipants. The mean age was 54.20*14.64years
(n=168), and the mean BMI was 25.48+5.78kg/
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Figure 1. A Flowchart illustrating the inclusion and exclusion of patients.

m? (n=157). The median CCI for all study par-
ticipants (n=168) was 8.00 [6.00-11.00]. Patient
comorbidities are listed in Appendix A. The most
common occupation status was employed (n=92,
54.76%), followed by unemployed (n=70, 41.67%),
retired (n=3, 1.79%) and unknown (n=3, 1.79%).

Baseline alcohol, tobacco and cannabis con-
sumption is also shown in Table 1. The median
weekly alcohol consumption was 0 [0.00-2.00]
units. Most participants were either ex-smokers
(n=73, 43.45%) or had never smoked (n=63,
37.50%). A large proportion of participants had
never used cannabis previously (n=71, 42.26%).
For those who were current users (n=69, 41.07%)
or ex-users (n=28, 16.67%), the median lifetime

cannabis consumption was 9.00 [1.00-9.00] gram
years. Study participants originated from all areas
of the United Kingdom and from the Crown
Dependencies, with regional breakdown detailed
in Appendix B.

CBMP details

Specific details regarding CBMP treatment at
baseline and follow-up at 6months, including
method of administration and dosage, are dis-
played in Table 2. Most patients administered
CBMPs as oils only at baseline (n=133, 79.17%)
and at 6 months (n=115, 68.45%). Over time, the
use of oils alone decreased, while the use of both
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oils and dry flower increased. Median CBD dos-
age increased from 21.00 [20.00-40.00] milli-
grams/day at baseline to 40.00 [20.00-40.00]
milligrams/day at 1 month follow-up and remained
stable thereafter. Median THC dosage continu-
ously increased, from 4.20 [2.15-5.15] milligrams/
day at baseline to 14.60 [8.20-100.90] milligrams/
day at 6 months. Adven EMC1 50/<4 mg/ml CBD/
THC (Curaleaf International, United Kingdom)

Table 1. Demographic details are shown including gender
split.
Baseline demographics

n (%)/mean +S.D./median [IQR]

Gender
Male 102 (60.71)
Female 66 (39.29)
Age (years) 54,20+ 14.64
Height (cm) 171.09+9.97
Weight (kg) 74.86+18.55
BMI (kg/m?) 25.48+5.78

Charlson Comorbidity Index 8.00 [6.00-11.00]

Occupation Status

Employed 92 (54.76)
Retired 3 (1.79)
Unemployed 70 (41.67)
Unknown 3 (1.79)

Weekly Alcohol Consumption (units) 0.00 [0.00-2.00]

Tobacco Status

Current smoker 32 (19.05)
Ex-smoker 73 (43.45)
Never smoked 63 (37.50)

Lifetime tobacco consumption (pack 15.00 [7.25-30.00]
years)

Cannabis Status

Current user 69 (41.07)
Ex-user 28 (16.67)
Never used 71 (42.26)

Cannabis Daily Consumption (grams) 1.00 [1.00-2.00]

Frequency of Cannabis Consumption

Daily 55 (32.74)
Every other day 8 (4.76)
1-2 times per week 5 (2.98)
>1 times per month 1 (0.60)

Lifetime cannabis consumption (gram 9.00 [1.00-9.00]

years)

Abbreviations: BMI: body mass index; CCl: Charlson Comorbidity Index; n;
number of participants; %: percentage; S.D.: standard deviation; IQR:
interquartile range; cm: centimeters; kg: kilograms; m% meters squared
of patients at baseline assessment.

and Adven EMT 20mg/ml THC (Curaleaf
International, United Kingdom) were the most
frequently prescribed CBD- and THC-dominant
oils. The most commonly prescribed dried flower
was Adven EMT2 16%/<1% THC/CBD (Curaleaf
International, United Kingdom).

Patient-reported outcome measures

Comparison of PROM scores across all time peri-
ods with repeated measures one-way ANOVA is
displayed in Table 3. This is except for the PGIC
score, which has no baseline score due to the
nature of the scale. A change (p<0.050) was found
in all PROMs except EQ-5D-5L Selfcare (p=0.056).

The repeated measures ANOVA results from
Table 3 were further analyzed using post-hoc
pairwise comparisons, with Bonferroni correction
to account for multiple testing. This allowed for
identifying changes in scores from baseline to
each follow-up period, along with the corre-
sponding p-values, as presented in Table 4. All
pain-specific ~ scales, including BPI-Severity,
BPI-Interference and Pain-VAS, showed an
improvement (p<0.010) from Dbaseline to
follow-up at 1, 3 and 6 months. Regarding general
health scales, there were improvements in GAD-7
and SQS from baseline to all follow-up periods
(p<0.001). The EQ-5D-5L Mobility domain was
improved at 1 month (p <0.042), but there was no
change at 3 or 6months compared to baseline
(p>0.050). The EQ-5D-5L anxiety and depres-
sion, pain and discomfort, and usual activities
domains, as well as the index value, had all
improved from baseline to all follow-up periods
(p<0.010) (Table 4). See Appendix C for further
pairwise comparison.

Table 2. Details of cannabis-based medicinal products prescribed to patients at baseline and follow-up at 1month (n=168),

3months (n=168) and 6 months (n=167).

n (%)/ median [IQR]

Baseline Follow up at 1 month Follow up at 3 months Follow up at 6 months

Administration*

QOils 133 (79.17) 130 (77.38) 120 (71.43) 115 (68.45)

Dry Flower 19 (11.31) 18 (10.71) 18 (10.71) 18 (10.71)

Oils and Dry Flower 16 (9.52) 20 (11.90) 30 (17.86) 34 (20.24)
Dosage (milligrams/day)

CBD 21.00 [20.00-40.00] 40.00 [20.00-40.00] 40.00 [20.00-40.00] 40.00 [20.00-40.00]

THC 4.20 [2.15-5.15] 8.20 [6.60-13.20] 11.20 [8.05-98.78] 14.60 [8.20-100.90]

Abbreviations: n: number of participants; IQR: interquartile range; CBD: Cannabidiol; THC: Delta-9-tetrahydrocannabinol. fdata from one participant at

6months removed to prevent re-identification from analysis.
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Table 3. Patient-reported outcome measures (PROMs) at baseline, 1 month, 3months and 6 months.

PROM Baseline 1 month 3 months 6 months p-value
Pain-Specific Scales BPI-Interference 6.08+2.62 5414273 5214277 5.62+2.75 <0.001%***
BPI-Severity 5.14+2.18 457+2.26 4.65+2.33 4.81+2.31 <0.0071***
Pain-VAS 6.09+2.64 532%+2.79 533287 5.62+2.79 <0.0071%**
General Health EQ-5D-5L Anxiety and 2.63+1.19 241+1.12 231+1.13 245+1.15 < 0.007***
Assessment Scales Depression
EQ-5D-5L Mobility 2.74+1.16 2.56+1.17 261+£1.18 263+1.19 0.018*
EQ-5D-5L Pain and 3.38x1.16 296+1.12 3.01x1.16 3.16+1.18 <0.0071%**
Discomfort
EQ-5D-5L Self-Care 2.10+1.04 2.00+1.06 1.95+1.05 2.04+1.06 0.056
EQ-5D-5L Usual 3.18+1.23 2.80+1.22 2.83+1.22 296+1.26 <0.0071***
Activities
EQ-5D-5L Index Values 0.34+0.35 0.45+0.33 0.45+0.35 0.40+0.36 < 0.007%***
GAD-7 10.09+£6.76 7.42+6.05 8.14+6.49 8.82+6.43 <0.0071%**
PGIC 4.96+1.48 521+1.54 521x1.47 0.031*
SQS 3.90+2.38 5.21+2.55 4.87+2.63 463+2.54 <0.007%***

Significance values are shown as: ***": p<0.001; “**: p<0.010; "*": p<0.050. Abbreviations: BPI: brief pain inventory; VAS: visual analogue scale; EQ-5D-5L:
European quality-of-life 5 Dimension - 5 levels; GAD-7: Generalized Anxiety Disorder scale; PGIC: patient global impression of change; SQS: single-item

sleep quality scale.

Table 4. Pairwise comparison of patient-reported outcome measures (PROMs) taken at baseline and change in the PROM value at

follow-up at 1 month, 3months and 6 months.

Patient-reported Mean baseline Follow-Up Mean difference
outcome measure score+S.D n (months) n from baseline+S.D p-value
Pain-specific scales Brief Pain Inventory 6.08+2.62 158 1 158 -0.67+0.17 < 0.007***
Interference 3 158 —0.87+0.17 < 0.007***
6 158 -0.46+0.14 0.007**
Brief Pain Inventory 5.14£2.18 158 1 158 -0.57+0.12 < 0.007***
Severity 3 158 -0.49+0.12 < 0.007***
6 158 —-0.33+0.10 0.006**
Visual Analogue Scale 6.09+2.64 159 1 159 —-0.77+0.16 < 0.007***
- Pain 3 159 —-0.76+0.17 < 0.007***
6 159 -0.48+0.13 0.003**
General health EQ-5D-5L Anxiety and 263+1.19 167 1 167 —-0.22+0.07 0.009%*
assessment scales Depression 3 167 —-0.32+0.05 < 0.007***
6 167 —0.19+0.05 0.002**
EQ-5D-5L Mobility 2.74+1.16 167 1 167 —-0.17£0.06 0.042*
3 167 —0.13+0.05 0.089
6 167 -0.11£0.05 0.118
EQ-5D-5L Pain and 3.38+1.16 167 1 167 —0.43+0.07 <0.007***
Discomfort 3 167 —-0.38+0.07 <0.007%***
6 167 —0.23+0.06 <0.007***
EQ-5D-5L Usual 3.18+1.23 167 1 167 —0.38+0.08 <0.007%***
Activities 3 167 —-0.35+0.07 <0.007***
6 167 -0.22+0.07 0.005**
EQ-5D-5L Index Values 0.34+0.35 167 1 167 0.12+0.02 <0.007***
3 167 0.11£0.02 <0.007%***
6 167 0.06+0.02 <0.007***
Generalized Anxiety 10.09+6.76 168 1 168 —2.67+0.42 < 0.007***
Disorder scale 3 168 -1.95+0.35 < 0.007***
6 168 -1.27£0.29 < 0.007***
Single-Item Sleep 3.90+2.38 166 1 166 1.31+0.19 < 0.007***
Quality Scale 3 166 0.98+0.17 < 0.007***
6 166 0.73+0.14 < 0.007***

Significance values are shown as: ***: p<0.001; **: p<0.010; *": p<0.050.

European quality-of-life 5 Dimension - 5 levels.

Figure 2 shows an improvement from baseline
to 1month follow-up in all pain-specific scales,
including BPI-Interference, BPI-Severity and
Pain-VAS. There is a plateau in improvement
from 1month follow-up (p>0.050), but improve-
ment from baseline was maintained (p<0.010).

At 6months, 31 patients (18.56%) met the
MCID for BPI-Interference (n=157). Twenty-four
patients (14.37%) met the MCID of BPI-Severity

Abbreviations: SD: standard deviation; n: number of participants; EQ-5D-5L:

(n=157). Thirty patients (17.96%, n=158) met
the MCID for Pain-VAS (n=158). The MCID for
each of the BPI scales is a 1 point decrease, and
for Pain-VAS it is a 1cm decrease.

Adverse events

Twenty-nine (17.26%) AEs were reported by five
patients (2.98%) during the study, all of whom
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Figure 2. Comparison of mean pain-specific patient reported outcome measures (PROMs), including a) BPI-Interference;
b) BPI-severity; ¢) pain-VAS taken at baseline, and follow-up at 1month, 3months and 6 months. Statistical significance is shown
as “***. p<0.007 and **": p<0.010. Abbreviations: n: number of participants.

were cannabis naive, meaning they had never
used cannabis previously. Twelve AEs (41.38%)
were classified as mild severity, nine as moderate
(31.03%) and eight as severe (16.41%). No
life-threatening AEs were reported. There were
twenty different AEs, and the most common AEs
were fatigue (n=3) and lethargy (n=3). The
mean duration of all AEs was 6.93+5.04days
(Appendix D).

Univariate and multivariate logistic regression

Univariate logistic regression revealed increased
odds of achieving minimum clinically important
differences (MCID) on BPI-Severity (Appendix
E), BPI-Interference (Appendix F) and Pain-VAS
(Appendix G) amongst patients who administered
CBMPs as both oils and dry flower (p<0.003)
and, who were prescribed higher doses of THC
(>14.6 mg/day) (p<0.004). Male gender increased
the odds of an MCID on the BPI-interference
scale (p=0.045), while greater CBD doses
(>40 mg/day) increased the odds of an MCID on
the Pain-VAS (p=0.011).

Subsequent multivariate analysis identified
higher THC doses as a predictor of achieving an
MCID only on the BPI-Severity scale (OR = 9.72;
95% CI: 1.54-61.51; p=0.016) (Appendix H).
Administering CBMPs as combined oils and dry

flower was associated with an increased likeli-
hood of an MCID on the BPI-Interference scale
only (OR = 5.81; 95% CI: 1.09-30.85; p=0.039)
(Appendix I). Male gender and greater CBD
doses were no longer associated with this effect
(Appendix H-J). Conversely, low baseline
EQ-5D-5L scores (<0) were associated with
reduced likelihood of achieving an MCID on
BPI-Interference (OR = 0.12, 95% CI: 0.02-0.75;
p=0.023).

Discussion

This prospective case series investigated the
reported change in validated PROMs and AEs in
individuals prescribed CBMPs for CP using data
from the UKMCR. CBMPs were associated with
improved validated pain-specific and general
health-related quality of life PROMs from base-
line to all follow-up periods within 6 months. The
AE incidence was relatively low at 17.26%, with
most AEs classified as mild-to-moderate severity.

Patient-reported outcome measures

The observed improvements in pain-specific
PROMs are corroborated by prior studies on the
effectiveness of CBMPs in treating CP. Johnson
et al. in a multicenter RCT also identified an



improvement in pain severity with THC-containing
extracts (38). Portenoy et al. reported similar find-
ings with nabiximols measured using the Pain-VAS
tool (46). In particular, low doses of nabiximols, a
CBMP administered as an oromucosal spray con-
taining THC and CBD, reduced reported daily
worst and average pain. However, contrary to the
present study’s findings, there was no significant
difference in the BPI scores (46). Another RCT by
Lichtman et al. conversely found that nabiximol
was not more effective than placebo in reducing
pain severity (47). Notably, both RCTs suffered
from high attrition, limiting the conclusiveness of
their findings (46, 47). The use of different CBMP
formulations, including oils and dried flower,
which were most associated with a positive change
in pain severity in the present study, might con-
tribute to these conflicting findings. Ultimately the
lack of concordance across the literature highlights
the need to identify the optimal regimen to take
forward into future RCTs of CBMPs for CP, rather
than limiting research to licensed preparations,
such as nabiximols.

The analgesic effects of CBMPs were sustained
at short- and medium-term follow-ups in this
study. Following the trend of Figure 2, it is rea-
sonable to predict the benefit would continue
with a longer-term follow-up. This is supported
by a similar prospective, observational study in
Canada that found significant improvements in
BPI-Severity and BPI-Interference at 12months
(69). However, the present study observed a pla-
teau in PROM scores from 1month follow-up,
potentially indicating a ceiling effect wherein pain
cannot be relieved further after the initial
response. Preclinical research has found that
repeated exposure to cannabinoids can lead to
down-regulation and sensitization of the cannabi-
noid receptors (70), explaining this phenomenon.

The improvements in pain-specific PROMs
align with previous UKMCR studies of chronic
pain and palliative care (50, 71). However, the
improvement in those studies was greater than in
the present cohort. This may be attributed to the
limited number of CP patients included in their
cohorts, thereby limiting the generalizability of
their findings to this specific population. The
present study addresses this gap by evaluating the
largest UKMCR cohort of CP patients to date,
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encompassing a diverse population with patients
from each region of the UK and from the Crown
Dependencies.

The percentage of individuals meeting the
MCID for BPI-Interference, BPI-Severity, and
Pain-VAS was low. On a population basis, between
1 to 2 in 10 individuals prescribed CBMPs for CP
reported a clinically significant improvement at
6months. This may be explained by the high pro-
portion (57.74%) of current or previous cannabis
users at baseline who may have been self-medicating
with cannabis for their CP, underestimating the
change in outcomes. This is supported by sub-
group analysis in a UKMCR study, which found
cannabis-naive patients to have greater improve-
ments in pain-specific PROMs compared to cur-
rent or previous users (71). Wang et al. mention
patients have previously suggested that a 10% like-
lihood of experiencing a clinically significant
improvement is acceptable for a new medication
trial if they have failed to benefit from other med-
ications (43), similar to those in the present study.

Patients who administered CBMPs as both oils
and dry flower had greater odds of reaching an
MCID for BPI-Interference. Oils are ingested
orally or sublingually, leading to a lower but sus-
tained rise in plasma cannabinoid concentrations.
In contrast, inhaled CBMPs have a much faster
onset of action but are shorter-lived (72). Hence,
a combination of these methods may optimize
pain improvement. Additionally, higher THC
doses led to greater odds of reaching an MCID
for BPI-Severity. Similarly, an RCT found that 20
milligrams of THC reduced CP significantly, but
this effect was not seen with 10 milligrams of
THC (36).

Managing sleep is an essential component of
holistic care for CP patients, as pain increases
sleep disturbance, reduces sleep quality, and
increases daytime somnolence (73). Anxiety is
interlinked, as the 5-HT,, receptor involved in
anxiety is also involved in chronic pain (29, 31).
Participants reported improvements in the SQS
and GAD-7 at all short-term and medium-term
follow-ups. Also, there were improvements in the
EQ-5D-5L index at all short-term and medium-term
follow-ups. This concurs with findings from regis-
try studies of patients with insomnia and anxiety
(74, 75).
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Adverse events

The all-cause AE incidence at 17.26% reported in
the present study is lower than other UKMCR
studies (57, 76). This inconsistency can be
explained by the fact that the specific CBMP for-
mulation, administration method and CBD:THC
split affects the AE profile (77). The most com-
mon AEs were lethargy and fatigue, similar to a
UKMCR study on osteoarthritis patients (78).
The COMPASS study also found that most AEs
from CBMPs were mild-to-moderate (49).
Furthermore, the present study observed no
life-threatening AEs, supported by a systematic
review by Wang et al. that noted 96.6% of AEs to
be non-serious (77). All patients who experienced
AEs were cannabis-naive, concurring with litera-
ture that AEs are more common amongst
cannabis-naive patients (79). Following the same
reasoning, the low proportion of cannabis-naive
patients may explain the small proportion (2.98%)
of patients reporting AEs.

Limitations

As an observational case series, causality cannot
be determined as the observed effects could be
secondary to external factors or phenomena, such
as regression to the mean. Although the study’s
naturalistic setting improves its ecological validity,
it may introduce confounding factors, such as
concurrent treatments or lifestyle changes.
Furthermore, the lack of a comparator arm is
particularly significant due to cancer’s poor prog-
nosis, with an expectation that symptoms will
worsen over time (80). In this dynamic clinical
setting, maintaining baseline control is difficult,
potentially underestimating the improvement in
outcomes and overestimating any deterioration.
Patients were non-blinded and may exaggerate
the mean difference in PROMs, especially due to
positive media coverage of CBMPs (81, 82).
There may be sampling bias, as a large propor-
tion of participants (57.74%) were current or for-
mer cannabis users. This subset may have already
experienced benefits from cannabis in managing
their CP and sought enrollment in the UKMCR
to access regulated CBMPs under clinical supervi-
sion, overestimating an improvement in outcomes.
These may have also resulted in other

demographic biases within the dataset, for exam-
ple, over 60% of patients being male. Moreover,
patients were enrolled from a private clinic, intro-
ducing selection bias. However, 41.67% of patients
were unemployed, suggesting socioeconomic sta-
tus may not affect access to treatment. Individuals
were recruited from across the UK and from the
Crown Dependencies. The highest proportion was
from Scotland, which may not be representative
of other cohorts from across the UK, limiting
generalizability nationally and internationally.
PROMs are the gold-standard method of
assessing improvement in CP patients (58), but
are prone to recall bias. There are also limitations
in the delivery of PROMs questionnaires. As
questionnaires are completed online, this may
have limited the inclusion of individuals less pro-
ficient in technology. In terms of AEs, clinicians
did not assess them to confirm whether they
were treatment-related. Whilst there were multi-
ple opportunities for participants to report AEs,
there is a possibility of under-reporting, given the
very low number of patients reporting AEs. This
may have been due to a social desirability bias,
where patients feel pressure to report more favor-
able outcomes. Moreover, patients may have
attributed adverse events to their cancer diagnosis
or treatment and therefore not reported adverse
events as frequently as other condition groups.
Classification bias may have occurred if patients
were mislabeled as having CP when their pain
was secondary to surgery, chemotherapy, radio-
therapy, or other treatments, which should be
categorized separately as cancer-treatment pain
(1). This study was unable to collect data on spe-
cific cancer-types or cancer-related treatment in
the population. Considering the different symp-
tomatology associated with different cancer types,
stage and treatment, it is important that future
research attempts to address these issues.

Conclusion

This study found that initiation of CBMPs is
associated with improvements in pain-specific
and general health-related quality of life outcomes
in CP patients over six months, with a relatively
low incidence of mild-to-moderate AEs and no
life-threatening AEs. However, the study is



limited by its observational, uncontrolled design,
meaning that causality cannot be determined.
More RCTs and longer observational case series
are warranted, but this study can help inform
their rollout, serving as a valuable pharmacovigi-
lance tool for the use of CBMPs in CP, either as
an alternative therapeutic option or as one part
of multimodal treatment.

Disclosure statement

Madhur Varadpande is a medical student at Imperial
College London. Madhur Varadpande has no shareholdings
in pharmaceutical companies.

Simon Erridge is a junior doctor and Research Director
at Curaleaf Clinic. Simon Erridge is a research fellow at
Imperial College London. Simon Erridge has no sharehold-
ings in pharmaceutical companies.

Arushika Aggarwal is a medical student at Imperial
College London. Arushika Aggarwal has no shareholdings
in pharmaceutical companies.

Isaac Cowley is a medical student at Imperial College
London. Isaac Cowley has no shareholdings in pharmaceu-
tical companies.

Lilia Evans is a medical student at Imperial College
London. Lilia Evans has no shareholdings in pharmaceutical
companies.

Evonne Clarke is the Patient Care Director at Curaleaf
Clinic. Evonne Clarke has no shareholdings in pharmaceu-
tical companies.

Katy McLachlan is the Chief Pharmacist at Curaleaf
Clinic. Katy McLachlan has no shareholdings in pharma-
ceutical companies.

Ross Coomber is a consultant orthopedic surgeon at St
George’s Hospital, London, and Operations Director at
Curaleaf Clinic. Ross Coomber has no shareholdings in
pharmaceutical companies.

James Rucker is a consultant psychiatrist at Curaleaf
Clinic. James Rucker is an honorary consultant psychiatrist
at The South London & Maudsley NHS Foundation Trust,
and an NIHR Clinician Scientist Fellow at the Center for
Affective Disorders at Kings College London. James Rucker
is funded by a fellowship (CS-2017-17-007) from the
National Institute for Health Research (NIHR). The views
expressed are those of the author(s) and not necessarily
those of the NHS, the NIHR or the Department of Health.
James Rucker leads the Psychedelic Trials Group at King’s
College London. King’s College London receives grant fund-
ing from COMPASS Pathways PLC to undertake phase 1
and phase 2 trials with psilocybin. COMPASS Pathways
PLC has paid for James Rucker to attend trial related meet-
ings and conferences to present the results of research using
psilocybin. James Rucker has undertaken paid consultancy
work for Beckley PsyTech and Clerkenwell Health. Payments
for consultancy work are received and managed by King’s
College London and James Rucker does not benefit person-
ally. James Rucker has no shareholdings in pharmaceutical
companies.

JOURNAL OF PAIN & PALLIATIVE CARE PHARMACOTHERAPY 1

Michael Platt is a consultant in pain services at Curaleaf
Clinic. Michael Platt has no shareholdings in pharmaceuti-
cal companies.

Shaheen Khan is a consultant in palliative care at Guy’s and
St Thomas’ NHS Foundation Trust and Curaleaf Clinic. Shaheen
Khan has no shareholdings in pharmaceutical companies.

Mikael Sodergren is a consultant hepatopancreatobiliary
surgeon at Imperial College NHS Trust, London, a senior
clinical lecturer at Imperial College London, and the chief
medical officer of Curaleaf International. Mikael Sodergren
has no shareholdings in pharmaceutical companies.

Ethical approval

Provided by South West-Central Bristol Research Ethics
Committee (Reference: 22/SW/0145).

Patient consent statement

All study participants gave formal, informed, and written
consent, preceding their consecutive enrollment into the
database.

Funding

There was no external or commercial funding associated
with this paper. There was no funding source for this study.

Data availability statement

Data that support the findings of this study are available
from the UK Medical Cannabis Registry. Restrictions apply
to the availability of these data. Data specifications and
applications are available from the corresponding author. All
authors contributed to and approved the final article. All
work was conducted at Curaleaf Clinic, London, UK.

References

1. ICD-11 for mortality and morbidity statistics. https://
icd.who.int/browse/2024-01/mms/en

2. Ferlay ], Ervik M, Lam E Laversanne M, Colombet M,
Mery L, et al. Global cancer observatory: Cancer today.
https://gco.iarc.who.int/media/globocan/factsheets/
populations/826-united-kingdom-fact-sheet.pdf

3. Snijders R, Brom L, Theunissen M, van den Beuken-van
Everdingen M. Update on prevalence of pain in patients
with cancer 2022: a systematic literature review and
meta-analysis. Cancers (Basel). 2023;15(3):591. doi:10.
3390/cancers15030591.

4. Anekar AAH]J, Cascella M. WHO analgesic ladder.
StatPearls Publishing; 2023. https://www.ncbi.nlm.nih.
gov/books/NBK554435/

5. Fallon M, Giusti R, Aielli F, Hoskin P, Rolke R, Sharma
M, Ripamonti CI, ESMO Guidelines Committee.


https://icd.who.int/browse/2024-01/mms/en
https://icd.who.int/browse/2024-01/mms/en
https://gco.iarc.who.int/media/globocan/factsheets/populations/826-united-kingdom-fact-sheet.pdf
https://gco.iarc.who.int/media/globocan/factsheets/populations/826-united-kingdom-fact-sheet.pdf
https://doi.org/10.3390/cancers15030591
https://doi.org/10.3390/cancers15030591
https://www.ncbi.nlm.nih.gov/books/NBK554435/
https://www.ncbi.nlm.nih.gov/books/NBK554435/

12 M.VARADPANDE ET AL.

10.

11.

12.

13.

14.

15.

16.

Management of cancer pain in adult patients: ESMO
Clinical Practice Guidelines. Ann Oncol. 2018;29(Suppl
4):iv166-iv191. doi:10.1093/annonc/mdy152.

Paice JA, Bohlke K, Barton D, Craig DS, El-Jawahri A,
Hershman DL, Kong LR, Kurita GP, LeBlanc TW,
Mercadante S, et al. Use of opioids for adults with
pain from cancer or cancer treatment: ASCO guide-
line. J Clin Oncol. 2023;41(4):914-30. do0i:10.1200/
JCO.22.02198.

Caraceni A, Hanks G, Kaasa S, Bennett MI, Brunelli C,
Cherny N, Dale O, De Conno E Fallon M, Hanna M,
et al. Use of opioid analgesics in the treatment of can-
cer pain: evidence-based recommendations from the
EAPC. Lancet Oncol. 2012;13(2):e58-e68. d0i:10.1016/
S$1470-2045(12)70040-2.

Wiften PJ, Wee B, Derry S, Bell RE, Moore RA. Opioids
for cancer pain - an overview of Cochrane reviews.
Cochrane Database Syst Rev. 2017;7(7): CD012592.
doi:10.1002/14651858.CD012592.pub2.

Breivik H, Cherny N, Collett B, de Conno F, Filbet M,
Foubert AJ, Cohen R, Dow L. Cancer-related pain: a
pan-European survey of prevalence, treatment, and
patient attitudes. Ann Oncol. 2009;20(8):1420-33.
doi:10.1093/annonc/mdp001.

Bedson ], Chen Y, Ashworth J, Hayward RA, Dunn
KM, Jordan KP. Risk of adverse events in patients pre-
scribed long-term opioids: A cohort study in the UK
Clinical Practice Research Datalink. Eur ] Pain.
2019;23(5):908-22. doi:10.1002/ejp.1357.

Friebel R, Maynou L. Trends and characteristics of
hospitalisations from the harmful use of opioids in
England between 2008 and 2018: population-based ret-
rospective cohort study. ] R Soc Med. 2022;115(5):173—
85. doi:10.1177/01410768221077360.

Pierce M, van Amsterdam ], Kalkman GA, Schellekens
A, van den Brink W. Is europe facing an opioid crisis
like the United States? An analysis of opioid use and
related adverse effects in 19 European countries
between 2010 and 2018. Eur Psychiatry. 2021;64(1):e47.
doi:10.1192/j.eurpsy.2021.2219.

Degenhardt L, Grebely J, Stone J, Hickman M, Vickerman
P, Marshall BDL, Bruneau J, Altice FL, Henderson G,
Rahimi-Movaghar A, et al. Global patterns of opioid use
and dependence: harms to populations, interventions,
and future action. Lancet. 2019;394(10208):1560-79.
doi:10.1016/S0140-6736(19)32229-9.

Mojtabai R, Amin-Esmaeili M, Nejat E, Olfson M.
Misuse of prescribed opioids in the United States.
Pharmacoepidemiol Drug Saf. 2019;28(3):345-53.
doi:10.1002/pds.4743.

Koyyalagunta D, Bruera E, Solanki DR, Nouri KH,
Burton AW, Toro MP, Bruel BM, Manchikanti L. A sys-
tematic review of randomized trials on the effectiveness
of opioids for cancer pain. Pain Physician. 2012;15(3
Suppl):ES39-58. doi:10.36076/ppj.2012/15/ES39.
Calignano A, La Rana G, Giuffrida A, Piomelli D.
Control of pain initiation by endogenous cannabi-

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

noids. Nature. 1998;394(6690):277-81. doi:10.1038/
28393.

Sokal DM, Elmes SJR, Kendall DA, Chapman V.
Intraplantar ~ injection of anandamide inhibits

mechanically-evoked responses of spinal neurones via
activation of CB2 receptors in anaesthetised rats.
Neuropharmacology. 2003;45(3):404-11. doi:10.1016/
$0028-3908(03)00195-3.

Richardson JD, Kilo S, Hargreaves KM. Cannabinoids
reduce hyperalgesia and inflammation via interaction
with peripheral CB1 receptors. Pain. 1998;75(1):111-9.
doi:10.1016/S0304-3959(97)00213-3.

Walker JM, Huang SM, Strangman NM, Tsou K,
Safiudo-Pefia MC. Pain modulation by release of the
endogenous cannabinoid anandamide. Proc Natl Acad
Sci U S A 1999;96(21):12198-203. doi:10.1073/
pnas.96.21.12198.

Pertwee RG, Ross RA. Cannabinoid receptors and
their ligands. Prostaglandins Leukot Essent Fatty Acids.
2002;66(2-3):101-21. doi:10.1054/plef.2001.0341.

Rios C, Gomes I, Devi LA. u opioid and CB1 canna-
binoid receptor interactions: reciprocal inhibition of
receptor signaling and neuritogenesis. Br ] Pharmacol.
2006;148(4):387-95. doi:10.1038/sj.bjp.0706757.
Ibrahim MM, Porreca F Lai J, Albrecht PJ, Rice FL,
Khodorova A, Davar G, Makriyannis A, Vanderah TW,
Mata HP, et al. CB , cannabinoid receptor activation
produces antinociception by stimulating peripheral
release of endogenous opioids. Proc Natl Acad Sci U S
A. 2005;102(8):3093-8. doi:10.1073/pnas.0409888102.
Pertwee RG. Cannabinoid pharmacology: the first 66
years. Br ] Pharmacol. 2006;147(Suppl 1):S163-S171.
doi:10.1038/sj.bjp.0706406.

Paronis CA, Nikas SP, Shukla VG, Makriyannis A.
A(9)-Tetrahydrocannabinol acts as a partial agonist/
antagonist in mice. Behav Pharmacol. 2012;23(8):802-
5. do0i:10.1097/FBP.0b013e32835a7c4d.

Zagzoog A, Mohamed KA, Kim H]JJ, Kim ED, Frank
CS, Black T, Jadhav PD, Holbrook LA, Laprairie RB.
In vitro and in vivo pharmacological activity of minor
cannabinoids isolated from Cannabis sativa. Sci Rep.
2020;10(1):20405. doi:10.1038/s41598-020-77175-y.
Bisogno T, Hanus L, De Petrocellis L, Tchilibon S§,
Ponde DE, Brandi I, Moriello AS, Davis JB, Mechoulam
R, Di Marzo V, et al. Molecular targets for cannabidiol
and its synthetic analogues: effect on vanilloid VR1
receptors and on the cellular uptake and enzymatic
hydrolysis of anandamide. Br ] Pharmacol. 2001;134(4):
845-52. doi:10.1038/sj.bjp.0704327.

Leweke FM, Piomelli D, Pahlisch E Muhl D, Gerth CW,
Hoyer C, Klosterkdtter J, Hellmich M, Koethe D.
Cannabidiol enhances anandamide signaling and allevi-
ates psychotic symptoms of schizophrenia. Transl
Psychiatry. 2012;2(3):e94-e94-e94. doi:10.1038/tp.2012.15.
Elmes MW, Kaczocha M, Berger WT, Leung K, Ralph
BP, Wang L, Sweeney JM, Miyauchi JT, Tsirka SE,
Ojima I, et al. Fatty Acid-binding Proteins (FABPs)


https://doi.org/10.1093/annonc/mdy152
https://doi.org/10.1200/JCO.22.02198
https://doi.org/10.1200/JCO.22.02198
https://doi.org/10.1016/S1470-2045(12)70040-2
https://doi.org/10.1016/S1470-2045(12)70040-2
https://doi.org/10.1002/14651858.CD012592.pub2
https://doi.org/10.1093/annonc/mdp001
https://doi.org/10.1002/ejp.1357
https://doi.org/10.1177/01410768221077360
https://doi.org/10.1192/j.eurpsy.2021.2219
https://doi.org/10.1016/S0140-6736(19)32229-9
https://doi.org/10.1002/pds.4743
https://doi.org/10.36076/ppj.2012/15/ES39
https://doi.org/10.1038/28393
https://doi.org/10.1038/28393
https://doi.org/10.1016/s0028-3908(03)00195-3
https://doi.org/10.1016/s0028-3908(03)00195-3
https://doi.org/10.1016/S0304-3959(97)00213-3
https://doi.org/10.1073/pnas.96.21.12198
https://doi.org/10.1073/pnas.96.21.12198
https://doi.org/10.1054/plef.2001.0341
https://doi.org/10.1038/sj.bjp.0706757
https://doi.org/10.1073/pnas.0409888102
https://doi.org/10.1038/sj.bjp.0706406
https://doi.org/10.1097/FBP.0b013e32835a7c4d
https://doi.org/10.1038/s41598-020-77175-y
https://doi.org/10.1038/sj.bjp.0704327
https://doi.org/10.1038/tp.2012.15

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Are Intracellular Carriers for A9-Tetrahydrocannabinol
(THC) and Cannabidiol (CBD). J Biol Chem.
2015;290(14):8711-21. doi:10.1074/jbc.M114.618447.
De Gregorio D, McLaughlin R], Posa L, Ochoa-Sanchez
R, Enns J, Lopez-Canul M, Aboud M, Maione S, Comai
S, Gobbi G, et al. Cannabidiol modulates serotonergic
transmission and reverses both allodynia and anxiety-like
behavior in a model of neuropathic pain. Pain.
2019;160(1):136-50. doi:10.1097/j.pain.0000000000001386.
Philpott HT, O’Brien M, McDougall J]. Attenuation of
early phase inflammation by cannabidiol prevents pain and
nerve damage in rat osteoarthritis. Pain. 2017;158(12):2442—
51. doi:10.1097/j.pain.0000000000001052.

Russo EB, Burnett A, Hall B, Parker KK. Agonistic
properties of cannabidiol at 5-HTla receptors.
Neurochem Res. 2005;30(8):1037-43. do0i:10.1007/
s11064-005-6978-1.

Anand U, Jones B, Korchev Y, Bloom SR, Pacchetti B,
Anand P, Sodergren MH. CBD Effects on TRPV1 sig-
naling pathways in cultured DRG neurons. J Pain Res.
2020;13:2269-78. volume doi:10.2147/JPR.S258433.

Jin E Wen Y, Lin G, Yu S, Wang C, Ye W, Zhang J.
Design, synthesis, and analgesia evaluation of novel
Transient Receptor Potential Vanilloid 1 (TRPV1) ago-
nists modified from Cannabidiol (CBD). Bioorg Med
Chem. 2023;90:117379. do0i:10.1016/j.bmc.2023.117379.
Sintha P, Jenes A, Somogyi C, Nagy L. The endogenous
inhibits receptor
potential vanilloid type 1 receptor-mediated currents in

cannabinoid anandamide transient
rat cultured primary sensory neurons. Acta Physiol Hung.
2010;97(2):149-58. doi:10.1556/APhysiol.97.2010.2.1.

Ton M, Newcomb PA, Jones S, Malen RC, Heffner JL.
Cannabis use after a cancer diagnosis in a population-based
sample of cancer survivors. Cancer Causes Control.
2024;35(7):1033-42. doi:10.1007/s10552-024-01860-w.
Noyes R, Brunk SE, Avery DA, Canter AC. The analgesic
properties of delta-9-tetrahydrocannabinol and codeine.
Clin Pharmacol Ther. 1975;18(1):84-9. doi:10.1002/
Cpt197518184.

Staquet M, Gantt C, Machin D. Effect of a nitrogen
analog of tetrahydrocannabinol on cancer pain. Clin
Pharmacol Ther. 1978;23(4):397-401. do0i:10.1002/
cpt1978234397.

Johnson JR, Burnell-Nugent M, Lossignol D, Ganae-Motan
ED, Potts R, Fallon MT. Multicenter, double-blind, ran-
domized, placebo-controlled, parallel-group study of the
efficacy, safety, and tolerability of THC:CBD Extract and
THC extract in patients with intractable cancer-related
pain. ] Pain Symptom Manage. 2010;39(2):167-79.
doi:10.1016/j.jpainsymman.2009.06.008.

Johnson JR, Lossignol D, Burnell-Nugent M, Fallon
MT. An open-label extension study to investigate the
long-term safety and tolerability of THC/CBD oromu-
cosal spray and oromucosal THC spray in patients with
terminal cancer-related pain refractory to strong opioid
analgesics. ] Pain Symptom Manage. 2013;46(2):207-18.
doi:10.1016/j.jpainsymman.2012.07.014.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

JOURNAL OF PAIN & PALLIATIVE CARE PHARMACOTHERAPY 13

International association for the study of pain presi-
dential task force on cannabis and cannabinoid analge-
sia position statement. Pain. 2021;162(1):S1-S2.
doi:10.1097/j.pain.0000000000002265.

National Institute for Health and Care Excellence.
Cannabis-based medicinal products (NICE guideline
NG144): Evidence review for chronic pain; 2019.
https://www.nice.org.uk/guidance/ngl44/
evidence/b-chronic-pain-pdf-6963831759

National Institute for Health and Care Excellence.
Recommendations. | Cannabis-based medicinal prod-
ucts | 2019. https://www.nice.org.uk/
guidance/ngl44/chapter/Recommendations#

Guidance;

chronic-pain

Wang L, Hong PJ, May C, Rehman Y, Oparin Y, Hong
CJ, Hong BY, AminiLari M, Gallo L, Kaushal A, et al.
Medical
non-cancer and cancer related pain: a systematic

cannabis or cannabinoids for chronic
review and meta-analysis of randomised clinical trials.
BM]J. 2021;374:n1034. doi:10.1136/bmj.n1034.

Busse JW, Vankrunkelsven P, Zeng L, Heen AF, Merglen
A, Campbell E Granan L-P, Aertgeerts B, Buchbinder
R, Coen M, et al. Medical cannabis or cannabinoids for
chronic pain: a clinical practice guideline. BM]J.
2021;374:n2040. doi:10.1136/bmj.n2040.

Bapir L, Erridge S, Nicholas M, Pillai M, Dalavaye N,
Holvey C, Coomber R, Hoare ], Khan S, Weatherall
MW, et al. Comparing the effects of medical canna-
bis for chronic pain patients with and without
co-morbid anxiety: A cohort study. Expert Rev
Neurother. 2023;23(3):281-95. doi:10.1080/14737175.
2023.2181696.

Portenoy RK, Ganae-Motan ED, Allende S, Yanagihara
R, Shaiova L, Weinstein S, McQuade R, Wright §,
Fallon MT. Nabiximols for opioid-treated cancer
patients with poorly-controlled chronic pain: a ran-
domized, placebo-controlled, graded-dose trial. J Pain.
2012;13(5):438-49. doi:10.1016/j.jpain.2012.01.003.
Lichtman AH, Lux EA, McQuade R, Rossetti S,
Sanchez R, Sun W, Wright S, Kornyeyeva E, Fallon
MT. Results of a double-blind,

placebo-controlled study of nabiximols oromucosal

randomized,

spray as an adjunctive therapy in advanced cancer
patients with chronic uncontrolled pain. ] Pain
Symptom Manage. 2018;55(2):179-88.el. doi:10.1016/j.
jpainsymman.2017.09.001.

Fallon MT, Albert Lux E, McQuade R, Rossetti S,
Sanchez R, Sun W, Wright S, Lichtman AH, Kornyeyeva
E. Sativex oromucosal spray as adjunctive therapy in
advanced cancer patients with chronic pain unalleviated
by optimized opioid therapy: two double-blind, random-
ized, placebo-controlled phase 3 studies. Br ] Pain.
2017;11(3):119-33. doi:10.1177/2049463717710042.
Ware MA, Wang T, Shapiro S, Collet J. Cannabis for
the Management of Pain: Assessment of Safety Study
(COMPASS). J Pain. 2015;16(12):1233-42. doi:10.1016/j.
jpain.2015.07.014.


https://doi.org/10.1074/jbc.M114.618447
https://doi.org/10.1097/j.pain.0000000000001386
https://doi.org/10.1097/j.pain.0000000000001052
https://doi.org/10.1007/s11064-005-6978-1
https://doi.org/10.1007/s11064-005-6978-1
https://doi.org/10.2147/JPR.S258433
https://doi.org/10.1016/j.bmc.2023.117379
https://doi.org/10.1556/APhysiol.97.2010.2.1
https://doi.org/10.1007/s10552-024-01860-w
https://doi.org/10.1002/cpt197518184
https://doi.org/10.1002/cpt197518184
https://doi.org/10.1002/cpt1978234397
https://doi.org/10.1002/cpt1978234397
https://doi.org/10.1016/j.jpainsymman.2009.06.008
https://doi.org/10.1016/j.jpainsymman.2012.07.014
https://doi.org/10.1097/j.pain.0000000000002265
https://www.nice.org.uk/guidance/ng144/evidence/b-chronic-pain-pdf-6963831759
https://www.nice.org.uk/guidance/ng144/evidence/b-chronic-pain-pdf-6963831759
https://www.nice.org.uk/guidance/ng144/chapter/Recommendations#chronic-pain
https://www.nice.org.uk/guidance/ng144/chapter/Recommendations#chronic-pain
https://www.nice.org.uk/guidance/ng144/chapter/Recommendations#chronic-pain
https://doi.org/10.1136/bmj.n1034
https://doi.org/10.1136/bmj.n2040
https://doi.org/10.1080/14737175.2023.2181696
https://doi.org/10.1080/14737175.2023.2181696
https://doi.org/10.1016/j.jpain.2012.01.003
https://doi.org/10.1016/j.jpainsymman.2017.09.001
https://doi.org/10.1016/j.jpainsymman.2017.09.001
https://doi.org/10.1177/2049463717710042
https://doi.org/10.1016/j.jpain.2015.07.014
https://doi.org/10.1016/j.jpain.2015.07.014

14 M.VARADPANDE ET AL.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Nimalan D, Kawka M, Erridge S, Ergisi M, Harris M,
Salazar O, Ali R, Loupasaki K, Holvey C, Coomber R,
et al. UK medical cannabis registry palliative care patients
cohort: initial experience and outcomes. ] Cannabis Res.
2022;4(1):3. doi:10.1186/s42238-021-00114-9.

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche
PC, Vandenbroucke JP. The
Reporting of Observational Studies in Epidemiology

Strengthening  the

(STROBE) statement: guidelines for reporting observa-

tional  studies.  Lancet.  2007;370(9596):1453-7.
doi:10.1016/S0140-6736(07)61602-X.

UK Medical Cannabis Registry. The Registry |
Prescribing ~ Medical ~ Cannabis; 2018  https://

ukmedicalcannabisregistry.com/

Medicines & Healthcare products Regulatory Agency.
The supply, manufacture, importation and distribution of
unlicensed cannabis-based products for medicinal use in
humans ‘specials’; 2018. https://assets.publishing.service.
gov.uk/media/5e58eefb86650c53a363f77¢c/Cannabis_
Guidance__unlicensed_CBPMs__updated_2020.pdf
Medicines and Healthcare products Regulatory Agency,
Department of Health and Social Care. Good manu-
facturing practice and good distribution practice; 2024.
https://www.gov.uk/guidance/good-manufacturin
g-practice-and-good-distribution-practice

Medicines and Healthcare products Regulatory Agency.
Supply unlicensed medicinal products (specials) 2023.
https://www.gov.uk/government/publications/
supply-unlicensed-medicinal-products-specials
Bernaards CM, Twisk JWR, Snel ], Van Mechelen W,
Kemper HCG. Is calculating pack-years retrospectively a
valid method to estimate life-time tobacco smoking?
A comparison between prospectively calculated pack-
years and retrospectively calculated pack-years.
Addiction. 2001;96(11):1653-61. doi:10.1046/j.1360-0443.
2001.9611165311.x.

Erridge S, Salazar O, Kawka M, Holvey C, Coomber R,
Usmani A, Sajad M, Beri S, Hoare ], Khan S, et al. An
initial analysis of the UK medical cannabis registry: out-
comes analysis of first 129 patients. Neuropsychopharmacol
Rep. 2021;41(3):362-70. doi:10.1002/npr2.12183.

Fink RM, Brant JM. Complex cancer pain assessment.
Hematol Oncol Clin North Am. 2018;32(3):353-69.
doi:10.1016/j.h0c.2018.01.001.

Tait ], Erridge S, Sodergren MH. UK medical cannabis
registry: A patient evaluation. ] Pain Palliat Care
Pharmacother. 2023;37(2):170-7. doi:10.1080/15360288.20
23.2174633.

Haukoos JS, Newgard CD. Advanced statistics: missing
data in clinical research-part 1: an introduction and
conceptual framework. Acad Emerg Med. 2007;14(7):
662-8. doi:10.1197/j.aem.2006.11.037.

U.S. Department of Health and Human Services, National
Institutes of Health, National Cancer Institute. Common
terminology criteria for adverse events (CTCAE). https://
evs.nci.nih.gov/ftpl/CTCAE/CTCAE_4.03/
CTCAE_4.03_2010-06-14_QuickReference_8.5x11.pdf.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Atkinson TM, Mendoza TR, Sit L, Passik S, Scher HI,
Cleeland C, Basch E. The brief pain inventory and its
“Pain At Its Worst in the Last 24 Hours” Item: clinical
trial endpoint considerations. Pain Med. 2010;11(3):337-
46. doi:10.1111/j.1526-4637.2009.00774.x.

Dworkin RH, Turk DC, Wyrwich KW, Beaton D,
Cleeland CS, Farrar JT, Haythornthwaite JA, Jensen
MP, Kerns RD, Ader DN, et al. Interpreting the clini-
cal importance of treatment outcomes in chronic pain
clinical trials: IMMPACT recommendations. ] Pain.
2008;9(2):105-21. doi:10.1016/j.jpain.2007.09.005.
Delgado DA, Lambert BS, Boutris N, McCulloch PC,
Robbins AB, Moreno MR, Harris JD. Validation of
digital visual analog scale pain scoring with a tradi-
tional paper-based visual analog scale in adults. ] Am
Acad Orthop Surg Glob Res Rev. 2018;2(3):e088.
doi:10.5435/JAAOSGlobal-D-17-00088.

McCaftrey N, Kaambwa B, Currow DC, Ratcliffe J.
Health-related quality of life measured using the
EQ-5D-5L: south Australian population norms. Health
Qual Life Outcomes. 2016;14(1):133. doi:10.1186/
§12955-016-0537-0.

Merino-Soto C, Angulo-Ramos M, Rovira-Millan LV,
Rosario-Hernédndez E. Psychometric properties of the
generalized anxiety disorder-7 (GAD-7) in a sample of
workers. Front Psychiatry. 2023;14:999242. doi:10.3389/
fpsyt.2023.999242.

Snyder E, Cai B, DeMuro C, Morrison MF, Ball W. A
new single-item sleep quality scale: results of psycho-
metric evaluation in patients with chronic primary
insomnia and depression. J Clin Sleep Med.
2018;14(11):1849-57. doi:10.5664/jcsm.7478.

Hosmer DW, Lemeshow S, Sturdivant RX. Chapter 4:
model-Building Strategies and Methods for Logistic
Regression. Applied logistic regression. 3rd ed. Hoboken,
New Jersey: Wiley; 2013.

Safakish R, Ko G, Salimpour V, Hendin B, Sohanpal I,
Loheswaran G, Yoon SYR. Medical cannabis for the
management of pain and quality of life in chronic pain
patients: A prospective observational study. Pain Med.
2020;21(11):3073-86. doi:10.1093/pm/pnaal63.
Sim-Selley LJ, Schechter NS, Rorrer WK, Dalton GD,
Hernandez J, Martin BR, Selley DE. Prolonged recov-
ery rate of CB1 receptor adaptation after cessation of
long-term cannabinoid administration. Mol Pharmacol.
2006;70(3):986-96. doi:10.1124/mol.105.019612.

Kawka M, Erridge S, Holvey C, Coomber R, Usmani
A, Sajad M, Platt MW, Rucker JJ, Sodergren MH.
Clinical outcome data of first cohort of chronic pain
patients treated with cannabis-based sublingual oils in
the united kingdom: analysis from the UK medical
cannabis registry. ] Clin Pharmacol. 2021;61(12):1545-
54. doi:10.1002/jcph.1961.

Badowski ME. A review of oral cannabinoids and
medical marijuana for the treatment of chemotherapy-
induced nausea and vomiting: a focus on pharmacoki-
netic Cancer

variability and pharmacodynamics.


https://doi.org/10.1186/s42238-021-00114-9
https://doi.org/10.1016/S0140-6736(07)61602-X
https://ukmedicalcannabisregistry.com/
https://ukmedicalcannabisregistry.com/
https://assets.publishing.service.gov.uk/media/5e58eefb86650c53a363f77c/Cannabis_Guidance__unlicensed_CBPMs__updated_2020.pdf
https://assets.publishing.service.gov.uk/media/5e58eefb86650c53a363f77c/Cannabis_Guidance__unlicensed_CBPMs__updated_2020.pdf
https://assets.publishing.service.gov.uk/media/5e58eefb86650c53a363f77c/Cannabis_Guidance__unlicensed_CBPMs__updated_2020.pdf
https://www.gov.uk/guidance/good-manufacturing-practice-and-good-distribution-practice
https://www.gov.uk/guidance/good-manufacturing-practice-and-good-distribution-practice
https://www.gov.uk/government/publications/supply-unlicensed-medicinal-products-specials
https://www.gov.uk/government/publications/supply-unlicensed-medicinal-products-specials
https://doi.org/10.1046/j.1360-0443.2001.9611165311.x
https://doi.org/10.1046/j.1360-0443.2001.9611165311.x
https://doi.org/10.1002/npr2.12183
https://doi.org/10.1016/j.hoc.2018.01.001
https://doi.org/10.1080/15360288.2023.2174633
https://doi.org/10.1080/15360288.2023.2174633
https://doi.org/10.1197/j.aem.2006.11.037
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03/CTCAE_4.03_2010-06-14_QuickReference_8.5x11.pdf
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03/CTCAE_4.03_2010-06-14_QuickReference_8.5x11.pdf
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03/CTCAE_4.03_2010-06-14_QuickReference_8.5x11.pdf
https://doi.org/10.1111/j.1526-4637.2009.00774.x
https://doi.org/10.1016/j.jpain.2007.09.005
https://doi.org/10.5435/JAAOSGlobal-D-17-00088
https://doi.org/10.1186/s12955-016-0537-0
https://doi.org/10.1186/s12955-016-0537-0
https://doi.org/10.3389/fpsyt.2023.999242
https://doi.org/10.3389/fpsyt.2023.999242
https://doi.org/10.5664/jcsm.7478
https://doi.org/10.1093/pm/pnaa163
https://doi.org/10.1124/mol.105.019612
https://doi.org/10.1002/jcph.1961

73.

74.

75.

76.

77.

Chemother Pharmacol. 2017;80(3):441-9. doi:10.1007/
s00280-017-3387-5.

Bufftum D, Koetters T, Cho M, Macera L, Paul SM,
West C, Aouizerat B, Dunn L, Dodd M, Lee K, et al.
The effects of pain, gender, and age on sleep/wake and
circadian rhythm parameters in oncology patients at
the initiation of radiation therapy. J Pain. 2011;12(3):
390-400. doi:10.1016/j.jpain.2010.09.008.

Murphy M, Erridge S, Holvey C, Coomber R, Rucker JJ,
Sodergren MH. A cohort study comparing the effects of
medical cannabis for anxiety patients with and without
comorbid sleep disturbance. Neuropsychopharmacol Rep.
2024;44(1):129-42. doi:10.1002/npr2.12407.

Vivek K, Karagozlu Z, Erridge S, Holvey C, Coomber
R, Rucker JJ, Weatherall MW, Sodergren MH. UK
medical cannabis registry: assessment of clinical out-
comes in patients with insomnia. Brain Behaw.
2024;14(2):e3410. doi:10.1002/brb3.3410.

Ergisi M, Erridge S, Harris M, Kawka M, Nimalan D,
Salazar O, Loupasaki K, Ali R, Holvey C, Coomber R,
et al. An updated analysis of clinical outcome mea-
sures across patients from the UK medical cannabis
registry. Cannabis Cannabinoid Res. 2023;8(3):557-66.
doi:10.1089/can.2021.0145.

Wang T, Collet J, Shapiro S, Ware MA. Adverse effects
of medical cannabinoids: a systematic review. CMAJ.
2008;178(13):1669-78. doi:10.1503/cmaj.071178.

Appendix A

78.

79.

80.

81.

82.

JOURNAL OF PAIN & PALLIATIVE CARE PHARMACOTHERAPY 15

Francis A, Erridge S, Holvey C, Coomber R, Holden
W, Rucker ], Platt M, Sodergren M. Assessment of
clinical outcomes in patients with osteoarthritis: anal-
ysis from the UK medical cannabis registry. J Pain
Palliat Care Pharmacother. 2024;38(2):103-16. doi:10.1
080/15360288.2024.2340076.

Perkins D, Butler J, Ong K, Nguyen T-H, Cox §,
Francis B, Mcintosh M, Lilley B. A phase 1, ran-
domised, placebo-controlled, dose escalation study to
investigate the safety, tolerability and pharmacokinetics
of cannabidiol in fed healthy volunteers. Eur J Drug
Metab Pharmacokinet. 2020;45(5):575-86. do0i:10.1007/
s13318-020-00624-6.

Williams K, Jackson SE, Beeken R]J, Steptoe A, Wardle
J. The impact of a cancer diagnosis on health and
well-being: a prospective, population-based study.
Psychooncology. 2016;25(6):626-32. doi:10.1002/pon.
3998.

Sznitman SR, Lewis N. Is cannabis an illicit drug or a
medicine? A quantitative framing analysis of Israeli
newspaper coverage. Int ] Drug Policy. 2015;26(5):446—
52. doi:10.1016/j.drugpo.2015.01.010.

Gunning M, Illes J. Coverage of medical cannabis by
Canadian news media: Ethics, access, and policy. Int ]
Drug Policy. 2021;97:103361. doi:10.1016/j.drugpo.2021.
103361.

Table A1. Prevalence of comorbidities in participants at baseline.

Baseline Patient Comorbidities

Myocardial Infarction

Congestive Heart Failure

Leukemia

Peripheral Vascular Disease

Endocrine Thyroid Dysfunction
Depression or Anxiety

Venous Thromboembolism

Epilepsy

Hypertension

Arthritis

AIDS

Lymphoma

Cerebrovascular Accident or Transient Ischemic Attack
Connective Tissue Disease

Peptic Ulcer Disease

Moderate to Severe Chronic Kidney Disease
Hemiplegia

Dementia

Chronic Obstructive Pulmonary Disease
Diabetes

- End organ damage

- None or diet-controlled

- Uncomplicated

Liver disease

Solid tumor

Localised

Metastatic

3 (1.79)
157 (93.45)
8 (4.76)
1 (0.60)
161 (95.83)
59 (35.12)
102 (60.71)

Abbreviations: AIDS: acquired immunodeficiency syndrome; n: number of participants.
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Appendix B

A map of the United Kingdom (UK), showing the highest
tier of Sub-national division and colored according to the
frequency of participants originating from that region. Not
displayed are the crown dependencies: Guernsey and Jersey
(n=2). Color coding is displayed by the legend at the top.

The following regions are colored: East Midlands (n=9),
east of England (n=13), london (n=24), North East of
England (n=10), North West of England (n=19), Northern
Ireland (n=5), Scotland (n=39), South East of England
(n=20), South West of England (n=12), Wales (n=9), west
Midlands (4) and yorkshire and the humber (n=2). Created
in flourish.studio
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Table C1. Displays the results of pairwise comparisons of all patient-reported outcome measures (PROMs) between various time

points: Baseline, 1 month, 3 months and 6 months.

BPI-Interference Baseline 1 month 3 months 6 months

Baseline _M —0.87+0.17; p<0.001 —0.46+0.14; p=0.007

1 month 0.67+0.17; p<0.001 ii i“ iil il i i"iiiii 0.21 +0 16 p=1.000

3months 0.87+0.17; p<0.001 0.20+0.15; p=1.000 =

6 months 0.46+0.14; p=0.007 —0.21£0.16; p=1.000 -0.41%0.13; p=0.012

BPI-Severity Baseline 1month 3 months 6 months

Baseline — + —0.49+0.12; p<0.001 —0.33£0.10; p=0.006

1month 0.57+0.12; p<0.001 i p= 0.24+0.13; p=0.403

3months 0.49+0.12; p<0.001 —0.08£0.12; p=1.000 + i

6 months 0.33+0.10; p=0.006 —0.24+0.13; p=0.403 —0.16+0.11; p=0.850

Pain-VAS iiii |ii 1month 3 months 6 months

Baseline iliilﬁl i iiﬁliﬁi —0.76 £0.17; p<0.001 —0.48+0.13; p=0.003

1 month 0.77+£0.16; p<0.001 M 030+016 p=0.417

3months 0.76+0.17; p<0.001 —0.01£0.16; p=1.000 =

6 months 0.48+0.13; p=0.003 -0.30£0.16; p=0.417 —0.28+0.15; p=0.322

EQ-5D-5L Anxiety and Baseline 1month 3 months 6 months
Depression

Baseline | iii ﬁi s ﬁliﬁ ~032+0.05; p<0.00] ~0.19+0.05; p=0.002

1 month 0.22+0.07; p=0.009 ii “ iiliiil i iiliii 0. 04+0 07 p=1.000

3months 0.32+0.05; p<0.001 0.10£0.06; p=0.679 =

6 months 0.19+0.05; p=0.002 —0.04£0.07; p=1.000 —0.14%0.05; p=0.002

EQ-5D-5L Mobility Baseline 1month 3 months 6 months

Baseline — + . p= —0.13£0.05; p=0.089 —0.11£0.05; p=0.7118

1month 0.17£0.06; p=0.042 +0.06; p= 0.07£0.06; p=1.000

3months 0.13+0.05; p=0.089 —0.05£0.06; p=1.000 P p=

6 months 0.11+0.05; p=0.718 —0.07 £0.06; p=1.000 —0.02+0.05; p=1.000

EQ-5D-5L Pain Discomfort

Baseline
1 month
3months
6 months

Baseline

[ BeRpeasT

0.43+0.07; p<0.001
0.38+0.07; p<0.001
0.23+0.06; p<0.001

1month

6 months

3months

—0.05+0.06; p=1.000
—0.20+0.07; p<0.001

—038+007 p<0001 —-0.23+0.06; p<0.001

020+007 p<0.001

EQ-5D-5L Usual Activities

Baseline

1month

3 months 6 months

Baseline _M ~035+0.07; p<0.00] ~022+0.07; p=0.005
1month 0.38+0.08; p<0.001 + : 0.16+0.07; p=0.153
3months 0.35+0.07; p<0.001 —0.04£0.08; p<0.001 + i

6 months 0.22+0.07; p=0.005 -0.16+0.07; p=0.153 —0.13+0.06; p=0.240

EQ-5D-5L Index Value Baseline 1month 3months 6 months
Baseline il iiﬁﬁi iiﬁlﬁii 0.11+0.02; p<0.001 0.06+0.02; p<0.001
1month —0.12£0.02; p<0.001 + Cp= -0.06+£0.2; p=0.019
3months -0.11+0.02; p<0.001 0.00+0.02; p=1.000 —0.05+ =
6months —0.06+0.02; p<0.001 0.06+0.2; p=0.019 0.05+0.02, p=0.005

GAD-7: Baseline 1month 3 months 6 months
Baseline — + —1.95+0.35; p<0.001 —1.27£0.29; p<0.001
1month 2.67+0.42; p<0.001 i p= 1.39+0.39; p=0.003
3months 1.95+0.35; p<0.001 —0.71+£0.38; p=0.367 + H

6 months 1.27+0.29; p<0.001 -1.39+0.39; p=0.003 —0.68+0.28; p=0.096

PGIC 1month 3 months 6 months

1month + : p= 0.25+0.07; p=0.002

3 months -0.25+0.12; p=0.124 + s p=

6 months -0.25+0.07; p=0.002 0.00+0.11; p=1.000

SQS Baseline 1month 3months 6 months
Baseline Ii +Iﬁ| i iiﬁl“i 0.98+0.17; p<0.001 0.73+0.14; p<0.001
1month -1.31£0.19; p<0.001 —| + Cp= —0.58+0.17; p=0.004
3months —0.98+0.17; p<0.001 0.34+0.17; p=0.295 —| + c p=
6months —0.73£0.14; p<0.001 0.58+0.17; p=0.004 0.25+0.13; p=0.398

Abbreviations: GAD-7: Generalized anxiety disorder scale; SQS: single-item sleep quality scale; BPI: brief pain inventory; VAS: visual analogue scale; EQ-5D-5L:
European quality-of-life 5 dimension - 5 levels; PGIC: patient global impression of change.
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Appendix D

Table D1. An overview of adverse events observed during the study.

Frequency by severity Mean +S.D Duration

Adverse Event Mild Moderate Severe Overall frequency (%) (days)
Amnesia 1 0 0 1 (0.60) 7
Anorexia 0 0 1 1 (0.60) 7
Cognitive disturbance 1 0 0 1 (0.60) 2
Concentration impairment 1 1 0 2 (1.19) 6+1.41
Constipation 1 0 1 2 (1.19) 5
Dizziness 1 0 0 1 (0.60) 3
Dry mouth 2 0 0 2 (1.19) 6+1.41
Dysgeusia 1 0 0 1 (0.60) 7
Dyspepsia 0 0 1 1 (0.60) 7
Fatigue 0 2 1 3 (1.79) 4.67+2.52
Generalized muscle weakness 0 1 0 1 (0.60) 7
Insomnia 0 0 2 2 (1.19) 18.5+16.26
Lethargy 2 1 0 3 (1.79) 567+1.15
Nausea 1 0 1 2 (1.19) 6+1.41
Pharyngitis 0 1 0 1 (0.60) 15
Somnolence 0 2 0 2 (1.19) 5
Vomiting 1 0 1 2 (1.19) 7.5+3.54
Weight loss 0 1 0 1 (0.60) 7
Total 12 (7.14) 9 (5.36) 8 (4.76) 29 (17.26) 6.93+5.04

Abbreviations: %: percentage; S.D.: standard deviation.

Appendix E

Table E1. Univariate logistic regression of the minimum clinically important difference for
the brief pain inventory (severity) with multiple different variables.
0dds ratio (95% Confidence

n Interval) p-value

Gender

Female 66 Ref Ref

Male 91 1.936 (0.753-4.978) 0.170
Age (years)

18-40 32 Ref Ref

41-50 27 1.23 (0.32-4.79) 0.768

51-60 47 1.11 (0.33-3.75) 0.870

61-70 25 0.23 (0.03-2.06) 0.187

70 + 26 1.29 (0.33-5.03) 0.718
Body Mass Index (kg/m?)

<185 10 1.40 (0.260-7.58) 0.696

18-5-24.9 66 Ref Ref

25.0-29.9 45 1.03 (0.36—2.948) 0.954

> 30.0 26 0.49 (0.10-2.40) 0.376
Cannabis Status

Never used 66 Ref Ref

Current user 64 1.173 (0.443-3.108) 0.748

Ex-user 27 1.439 (0.434-4.773) 0.552
CBMP Method of Administration

Oils 1 Ref Ref

Flower 15 2.525 (0.609-10.470) 0.202

Both 31 5.555 (2.082-14.824) <.001
Total THC Dosage (mg/day)

< median dose (14.6) 82 Ref Ref

> median dose (14.6) 75 7.091 (2.296-21.899) <.001
Total CBD Dosage (mg/day)

< median dose (40) 126 Ref Ref

> median dose (40) 31 2.39 (0.92-6.25) 0.075
Sleep Quality Scale Baseline Score

Sleep unimpaired (>4) 82 Ref Ref

Sleep impaired (<3) 75 2.028 (0.829-4.959) 0.121
GAD-7 Baseline Score

None (0-4) 41 Ref Ref

Mild (5-9) 35 1.49 (0.413-5.377) 0.543

Moderate (10-14) 29 0.831 (0.182-3.790) 0.811

Severe (>15) 52 1.714 (0.536-5.480) 0.363
EQ-5D-5L Index Value

>0 129 Ref Ref

<0 28 0.0617 (0.171-2.232) 0.462

Abbreviations: BPI: Brief pain inventory; n: number of participants; CBMP: cannabis-based medicinal product; THC: tetrahy-
drocannabinol; CBD: cannabidiol; GAD-7: Generalized anxiety disorder scale; EQ-5D-5L: European quality-of-life 5 dimen-
sion - 5 levels.
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Table F1. Univariate logistic regression of the minimum clini-
cally important difference for the brief pain inventory (interfer-
ence) with multiple different variables.
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Appendix G

Table G1. Univariate logistic regression of the minimum clini-
cally important difference for the pain visual analogue scale

with multiple different variables.

0Odds ratio 0Odds ratio (95%
(95% Confidence Confidence
n Interval) p-value n Interval) p-value

Gender Gender

Female 66 Ref Ref Female 65 Ref Ref

Male 91 2.45 (1.02-5.90) 0.045 Male 93 1.26 (0.55-2.87) 0.581
Age (years) Age (years)

18-40 32 Ref Ref 18-40 33 Ref Ref

41-50 27 1.24 (0.35-4.41) 0.742 41-50 27 2.36 (0.67-8.31) 0.182

51-60 47 0.76 (0.23-2.51) 0.651 51-60 47 1.33 (0.40-4.39) 0.644

61-70 25 0.83 (0.21-3.31) 0.787 61-70 25 0.49 (0.09-2.75) 0.415

70 + 26 1.93 (0.57-6.51) 0.291 70 + 26 1.68 (0.45-6.28) 0.441
Body Mass Index Body Mass Index

(kg/m?) (kg/m?)

<185 10 0.93 (0.18-4.87) 0.930 <18.5 10 1.75 (0.40-7.69) 0.461

18-5-24.9 66 Ref Ref 18-5-24.9 66 Ref Ref

25.0-29.9 45 1.06 (0.42-2.66) 0.899 25.0-29.9 45 1.02 (0.39-2.63) 0.969

> 30.0 25 0.32 (0.07-1.54) 0.156 > 30.0 26 0.34 (0.07-1.63) 0.176
Cannabis Status Cannabis Status

Never used 66 Ref Ref Never used 65 Ref Ref

Current user 64 1.57 (0.64-3.84) 0.325 Current user 66 1.08 (0.45-2.59) 0.857

Ex-user 27 1.96 (0.66-5.84) 0.227 Ex-user 27 1.00 (0.32-3.19) 0.995
CBMP Method of CBMP Method of

Administration Administration

Qils 1m Ref Ref Qils 110 Ref Ref

Flower 15 2.52 (0.71-9.01) 0.155 Flower 17 2.11 (0.60-7.39) 0.243

Both 31 5.00 (2.02-12.40) <.001 Both 31 4.33 (1.74-10.81) 0.002
Total THC Dosage (mg/ Total THC Dosage (mg/

day) day)

< median dose (14.6) 82 Ref Ref < median dose (14.6) 82 Ref Ref

> median dose (14.6) 75 4.09 (1.70-9.86) 0.002 > median dose (14.6) 76 3.77 (1.56-9.10) 0.003
Total CBD Dosage (mg/ Total CBD Dosage (mg/

day) day)

< median dose (40) 126 Ref Ref < median dose (40) 127 Ref Ref

> median dose (40) 31 1.56 (0.62-3.92) 0.347 > median dose (40) 31 3.13 (1.29-7.56) 0.011
Sleep Quality Scale Sleep Quality Scale

Baseline Score Baseline Score

Sleep unimpaired 82 Ref Ref Sleep unimpaired 83 Ref Ref

(=4) (=4)

Sleep impaired (<3) 75 1.42 (0.65-3.14) 0.380 Sleep impaired (<3) 75 1.13 (0.51-2.51) 0.758
GAD-7 Baseline Score GAD-7 Baseline Score

None (0-4) 41 Ref Ref None (0-4) 41 Ref Ref

Mild (5-9) 35 1.22 (0.41-3.69) 0.722 Mild (5-9) 35 1.09 (0.37-3.20) 0.880

Moderate (10-14) 29 0.66 (0.18-2.44) 0.534 Moderate (10-14) 28 0.28 (0.06-1.42) 0.125

Severe (=15) 52 1.11 (0.40-3.07) 0.845 Severe (=15) 53 0.96 (0.36-2.59) 0.936
EQ-5D-5L Index Value EQ-5D-5L Index Value

>0 129 Ref Ref >0 130 Ref Ref

<0 28 0.63 (0.20-1.97) 0.427 <0 28 0.67 (0.21-2.09) 0.487

Abbreviations: BPI: Brief pain inventory; n: number of participants; CBMP:
cannabis-based medicinal product; THC: tetrahydrocannabinol; CBD: can-
nabidiol; GAD-7: Generalized anxiety disorder scale; EQ-5D-5L: European

quality-of-life 5 dimension - 5 levels.

Abbreviations: VAS: visual analogue scale; n: number of participants; CBMP:
cannabis-based medicinal product; THC: tetrahydrocannabinol; CBD: can-
nabidiol; GAD-7: Generalized anxiety disorder scale; EQ-5D-5L: European

quality-of-life 5 dimension - 5 levels.
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Appendix H

Table H1. Multivariate logistic regression of the minimum clin-
ically important difference for the brief pain inventory (sever-

ity) with multiple different variables.

Appendix |

Table 11. Multivariate logistic regression of the minimum clin-
ically important difference for the brief pain inventory (interfer-
ence) with multiple different variables.

0dds ratio (95%

0Odds ratio (95%

Confidence Confidence
n Interval) p-value n Interval) p-value

Gender Gender

Female 61 Ref Ref Female 61 Ref Ref

Male 85 2.41 (0.54-10.81) 0.249 Male 85 1.91 (0.55-6.66) 0.307
Age (years) Age (years)

18-40 32 Ref Ref 18-40 32 Ref Ref

41-50 24 0.28 (0.04-1.98) 0.203 41-50 24 0.58 (0.11-3.25) 0.538

51-60 45 0.78 (0.15-3.93) 0.759 51-60 45 0.71 (0.15-3.25) 0.656

61-70 22 0.43 (0.03-5.81) 0.524 61-70 22 2.85 (0.46-17.91) 0.263

70 + 23 1.50 (0.19-12.04) 0.704 70 + 23 5.53 (0.88-34.69) 0.068
Body Mass Index Body Mass Index

(kg/m?) (kg/m?)

<18.5 10 4.81 (0.51-45.83) 0.172 <185 10 1.52 (0.20-11.62) 0.684

18-5-24.9 66 Ref Ref 18-5-24.9 66 Ref Ref

25.0-29.9 45 0.92 (0.23-3.63) 0.900 25.0-29.9 45 1.01 (0.33-3.12) 0.989

> 300 25 0.51 (0.08-3.31) 0.479 > 30.0 25 0.28 (0.05-1.58) 0.148
Cannabis Status Cannabis Status

Never used 59 Ref Ref Never used 59 Ref Ref

Current user 61 0.16 (0.02-1.05) 0.057 Current user 61 0.55 (0.12-2.47) 0.434

Ex-user 26 0.81 (0.13-4.95) 0.817 Ex-user 26 2.13 (0.45-10.12) 0.341
CBMP Method of CBMP Method of

Administration Administration

Qils 103 Ref Ref Qils 103 Ref Ref

Flower 15 4.12 (0.38-44.39) 0.243 Flower 15 4.14 (0.54-32.03) 0.174

Both 28 3.05 (0.54-17.30) 0.207 Both 28 5.81 (1.09-30.85) 0.039
Total THC Dosage Total THC Dosage

(mg/day) (mg/day)

< median dose (14.6) 74 Ref Ref < median dose (14.6) 74 Ref Ref

> median dose (14.6) 72 9.72 (1.54-61.51) 0.016 > median dose (14.6) 72 4.07 (0.93-17.78) 0.062
Total CBD Dosage Total CBD Dosage

(mg/day) (mg/day)

< median dose (40) 116 Ref Ref < median dose (40) 116 Ref Ref

> median dose (40) 30 1.79 (0.46-7.04) 0.402 > median dose (40) 30 0.77 (0.21-2.86) 0.697
Sleep Quality Scale Sleep Quality Scale

Baseline Score Baseline Score

Sleep unimpaired 78 Ref Ref Sleep unimpaired 78 Ref Ref

(=4) (= 4)

Sleep impaired (<3) 68 3.09 (0.82-11.58) 0.095 Sleep impaired (< 3) 68 1.70 (0.56-5.18) 0.347
GAD-7 Baseline Score GAD-7 Baseline Score

None (0-4) 40 Ref Ref None (0-4) 40 Ref Ref

Mild (5-9) 32 2.53 (0.47-13.48) 0.278 Mild (5-9) 32 1.47 (0.34-6.30) 0.606

Moderate (10-14) 26 1.13 (0.16-7.84) 0.903 Moderate (10-14) 26 0.90 (0.17-4.83) 0.905

Severe (=15) 48 1.45 (0.27-7.78) 0.667 Severe (= 15) 48 0.93 (0.21-4.00) 0.917
EQ-5D-5L Index Value EQ-5D-5L Index Value

>0 121 Ref Ref >0 121 Ref Ref

<0 25 0.10 (0.01-1.14) 0.063 <0 25 0.12 (0.02-0.75) 0.023

Abbreviations: BPI: Brief pain inventory; n: number of participants; CBMP:
cannabis-based medicinal product; THC: tetrahydrocannabinol; CBD: can-
nabidiol; GAD-7: Generalized anxiety disorder scale; EQ-5D-5L: European
quality-of-life 5 dimension - 5 levels.

Abbreviations: BPI: Brief pain inventory; n: number of participants; CBMP:
cannabis-based medicinal product; THC: tetrahydrocannabinol; CBD: can-
nabidiol; GAD-7: Generalized anxiety disorder scale; EQ-5D-5L: European
quality-of-life 5 dimension - 5 levels.
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Table J1. Multivariate logistic regression of the minimum clin-
ically important difference for the pain visual analogue scale
with multiple different variables.

0Odds ratio (95%

Confidence
n Interval) p-value

Gender

Female 60 Ref Ref

Male 87 1.24 (0.39-3.97) 0.717
Age (years)

18-40 33 Ref Ref

41-50 24 1.26 (0.27-5.96) 0.770

51-60 45 1.33 (0.32-5.50) 0.691

61-70 22 0.67 (0.09-5.18) 0.696

70 + 23 1.99 (0.34-11.52) 0.445
Body Mass Index

(kg/m?)

<185 10 2.77 (0.47-16.35) 0.261

18-5-24.9 66 Ref Ref

25.0-29.9 45 1.09 (0.36-3.32) 0.880

> 30.0 26 0.43 (0.08-2.43) 0.342
Cannabis Status

Never used 58 Ref Ref

Current user 63 0.42 (0.10-1.71) 0.223

Ex-user 26 0.70 (0.15-3.27) 0.647
CBMP Method of

Administration

Oils 102 Ref Ref

Flower 17 3.67 (0.53-25.43) 0.188

Both 28 3.27 (0.72-14.99) 0.126
Total THC Dosage

(mg/day)

< median dose (14.6) 74 Ref Ref

> median dose (14.6) 73 2.16 (0.54-8.60) 0.273
Total CBD Dosage

(mg/day)

< median dose (40) 117 Ref Ref

> median dose (40) 30 1.86 (0.59-5.85) 0.291
Sleep Quality Scale

Baseline Score

Sleep unimpaired 79 Ref Ref

(=4

Sleep impaired (<3) 68 1.45 (0.50-4.25) 0.499
GAD-7 Baseline Score

None (0-4) 1 Ref Ref

Mild (5-9) 32 1.31 (0.35-4.94) 0.686

Moderate (10-14) 25 0.40 (0.06-2.52) 0.331

Severe (=15) 49 0.84 (0.21-3.33) 0.805
EQ-5D-5L Index Value

>0 122 Ref Ref

<0 25 0.23 (0.04-1.49) 0.124

Abbreviations: VAS: visual analogue scale; n: number of participants; CBMP:
cannabis-based medicinal product; THC: tetrahydrocannabinol; CBD: can-
nabidiol; GAD-7: Generalized anxiety disorder scale; EQ-5D-5L: European
quality-of-life 5 dimension - 5 levels.
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