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Introduction: Whilst disease-modifying therapies are the cornerstone for treatment of multiple sclerosis (MS),
there is a need to develop novel therapeutics for the symptomatic sequalae of the disease. Cannabis-based me-
dicinal products (CBMPs) have been suggested as a potential therapy for the associated pain, spasticity, and
mental health disorders. However, there is a paucity of clinical evidence on CBMPs in MS. The aim of this study is
to assess changes in MS-specific and general health-related quality of life (HRQoL) outcomes alongside adverse
event incidence in patients prescribed CBMPs for MS from the UK Medical Cannabis Registry (UKMCR).
Method: Patients prescribed CBMPs for MS symptoms for longer than one month were identified from the
UKMCR. The primary outcomes were changes from baseline in MS Quality of Life-54 (MSQoL-54), Generalised
Anxiety Disorder-7 (GAD-7), Single-Item Sleep Quality Scale (SQS), and EQ-5D-5L scales at one month, three
months and six months. p < 0.050 was defined as statistically significant.

Results: 141 patients met the inclusion criteria for the study. There was an improvement in the following sub-
scales of the MSQoL-54 at 6 months: change in health scale, cognitive function, mental health composition,
physical health, role limitations due to physical limitation and due to emotional problems, as well as social and
sexual function (p < 0.050). There were also improvements in the EQ-5D-5L index value, GAD-7 and SQS (p <
0.050). 146 (103.55 %) adverse events were reported in total. Most were considered mild (n = 47; 33.33 %) and
moderate (n = 72; 51.06 %).

Conclusions: This preliminary analysis demonstrates a possible association with improved general health-related
quality of life in those prescribed CBMPs for MS. Moreover, the results suggest that CBMPs are well-tolerated in
the first 6 months of treatment. However, this must be interpreted with caution considering the limitations of the
observational study design.

1. Introduction the central nervous system (CNS) affected by demyelinating lesions

(Filippi et al., 2018; England, 2020). This is further amplified by the

A neurodegenerative disease characterised by inflammation and
demyelination; multiple sclerosis (MS) is a chronic disorder where in-
dividuals are potentially affected by a spectrum of symptoms (Filippi
et al., 2018). Affecting over 120,000 individuals in the United Kingdom,
the diversity of clinical manifestations can be attributed to the areas of

transient or persistent nature of lesions. However, common symptoms
include pain, motor and sensory deficiencies, spasticity, and cognitive
deficits (Ghasemi et al., 2017). Individuals with MS also have a higher
prevalence of psychiatric disorders secondary to the significant impact
on physical health, the adverse effects of steroid therapy for acute flares,
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as well as neurobiological changes (Silveira et al., 2019). Moreover,
there is often a subsequent decline in social and economic health (Filippi
et al., 2018).

Disease modifying therapies are the mainstay of long-term therapy
for MS to reduce progression and subsequent symptomatic burden.
However, symptomatic treatment is also important to improve health-
related quality of life (Koituniuk and Chojdak-Eukasiewicz, 2022; de
Sa et al., 2011; Robertson and Moreo, 2016). Pain, including that of
neuropathic and musculoskeletal aetiologies, is commonly the most
prevalent indication for which symptomatic treatment is offered (Solaro
et al., 2013). However, there is limited evidence for currently available
analgesics, specifically in the setting of MS (Henze et al., 2006). In
addition, many individuals are affected by spasticity, for which baclofen
and clonidine are the first line of therapy (Chang et al., 2013). The
adverse effects and limited efficacy of symptomatic treatment is a
leading cause of low drug adherence in MS patients (de Sa et al., 2011).
Due to this, affected individuals often seek alternative therapies to
achieve improved symptom relief. As such, the development of novel
therapeutics for treatment of associated symptoms in MS is essential.

Phytocannabinoids derived from the cannabis plant, of which A9-
tetrahydrocannabinol (A9-THC) and cannabidiol (CBD) are the major
constituents, have been identified for further evaluation for symptom-
atic treatment of MS (Dos Reis Rosa Franco et al., 2021). CBD and
A9-THC each act predominantly via the endocannabinoid system, a
complex cell-signalling system associated with a diverse range of
observed effects (Khan et al., 2022). G-protein coupled cannabinoid
receptor type 1 (CB1) and type 2 (CB2) are the predominant receptors
and are highly expressed in the central nervous and immune systems,
respectively (Kendall and Yudowski, 2016). A9-THC acts as partial
agonist to CB1 and CB2, exhibiting neuroprotective and anti-oxidative
properties (Maroon and Bost, 2018; Comelli et al., 2009; Dawidowicz
et al., 2021). The primary mechanism of action of CBD is to inhibit the
hydrolysis of anadamide, an endogenous CB1 agonist (Deutsch, 2016).
In parallel, CBD acts as a non-competitive agonist of CB1, counteracting
the psychotropic side effects of A9-THC whilst producing anxiolytic,
analgesic, and anti-inflammatory effects (Ebbert et al., 2018; Atakan,
2012).

Nabiximols is an oromucosal spray, containing CBD and A9-THC,
licensed for MS-associated spasticity in treatment-resistant populations
(Serpell et al., 2013; D’Hooghe et al., 2021; Patti et al., 2016). Results
from a short term randomised-controlled trial demonstrated that 40.0 %
of participants achieved a clinically significant reduction in associated
spasticity in those treated with nabiximols, compared to 21.9 % of those
receiving a placebo (Collin et al., 2007). A subsequent trial by Novotna
et al. supported this, demonstrating a significant reduction in both
spasticity and sleep disruption (Novotna et al., 2011). Notcutt et al.
conducted a randomised withdrawal of nabiximols for 36 patients pre-
scribed the medication for MS-associated spasticity for 3 months or
greater. Replacement of nabiximols with placebo was associated with an
increased rate of treatment failure (Notcutt et al., 2012). A real-world
study by Patti et al. also indicated a lasting effect of nabiximols on
spasticity-associated symptoms up to 18 months (Patti et al., 2022). The
most recent Cochrane review on symptomatic treatment with cannabi-
noids for those with MS concluded that individuals prescribed nabix-
imols were more 2.5 times more likely to report an improvement in
spasticity compared to those receiving placebo (Filippini et al., 2022).

There is growing evidence of the role of cannabinoids and, more
broadly, cannabis-based medicinal products (CBMPs) in the manage-
ment of chronic pain (Wang et al., 2021; Busse et al., 2021). A recent
meta-analysis concluded that non-inhaled cannabinoids were associated
with a 10 % increased likelihood of achieving a clinically significant
improvement in pain severity, compared to placebo (Wang et al., 2021).
However, there is a paucity of data in the specific setting of
MS-associated pain (Filippini et al., 2022; Wang et al., 2021). Within the
Cochrane review on symptomatic MS treatment, 8 studies observed a
reduction in MS-related pain, yet the certainty in this evidence was low
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with a high degree of statistical heterogeneity (Filippini et al., 2022).
Moreover, most studies have been conducted with nabiximols and have
not considered the impact of unlicensed CBMPs on spasticity (Filippini
et al., 2022).

Due to the postulated effects of CBMPs on notable symptoms of MS,
in addition to reported outcomes from previously published evaluations,
there is promise for the effects of CBMPs in affecting health-related
quality of life (HRQoL) (Ergisi et al., 2022a; Harris et al., 2022; Ergisi
etal., 2022b; Kawka et al., 2021). However, there is conflicting evidence
within clinical settings for MS patients. Recent reviews both outline the
lack of statistically significant changes in HRQoL after administration of
CBMPs, in addition to the heterogeneity of previously published litera-
ture (Filippini et al., 2022; Haddad et al., 2022; Nielsen et al., 2018). It is
crucial that the knowledge gap surrounding changes to patient reported
outcome measures (PROMs) in MS after CBMP intervention is bridged to
provide a detailed insight into the impact on patients’ lives. This will
also be able to aid clinicians in making informed decisions regarding
future treatment plans.

There is a large body of evidence on the adverse event profile of
nabiximols (NICE 2019), which indicates that whilst nabiximols is
largely safe, loco-regional reactions, such as oral pain and ulceration are
common (FErridge et al., 2022a; Yadav et al., 2014). On the contrary,
there is little known about the incidence of loco-regional adverse events
with vapourised or sublingually administered unlicensed CBMPs
(Erridge et al., 2022a). In addition, most evaluations of nabiximols or
unlicensed CBMPs have limited follow up periods, emphasising the need
for longitudinal assessment of adverse events through a formalised
pharmacovigilance programme (Pratt et al., 2019).

Considering the limitations of current literature describing the ef-
fects of CBMPs in patients with MS, the primary aims of this study were
to therefore assess the changes in HRQoL outcomes, as well as incidence
of adverse events of MS patients treated with unlicensed CBMPs in a
real-world clinical setting.

2. Methods
2.1. Study design and participants

This case series was conducted using data from the UK Medical
Cannabis Registry, which is managed by Curaleaf Clinic. The UK Med-
ical Cannabis Registry has recorded pseudonymised data of patients
prescribed CBMPs for any indication across the UK and Chanel Islands
since 1st December 2019 (Ergisi et al., 2022a; Harris et al., 2022; Erridge
et al., 2022b).

The UK Medical Cannabis Registry has been afforded a favourable
ethical opinion by the Health Research Authority (Central Bristol
Research Ethics Committee reference 22/SW/0145). All participants
provided informed consent prior to enrolment in the registry. The
Strengthening the Reporting of Observational Studies in Epidemiology
statement was adhered to for reporting of the study (von Elm et al.,
2007).

All CBMPs that were prescribed adhered to Good Manufacturing
Practice criteria (MHRA, 2020). CBMPs were produced in a broad
spectrum of formulations (oil, capsules, lozenges, dried flower). The
prescribed CBMPs were either isolated cannabinoids or broad/full
spectrum extracts. In accordance with UK regulations, CBMPs were only
initiated by specialist doctors (MHRA, 2020). The dose was decided by
the treating physician in co-ordination with a multi-disciplinary team of
other healthcare professionals. The rationale for any particular dosing
strategy was not recorded.

2.2. Data collection
Data used in this analysis are from MS patients who participated in

the UK Medical Cannabis Registry from 1st December 2019. Inclusion
criteria included those with MS as the primary indication for treatment
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with CBMPs. Moreover, they were required to have initiated treatment
at least 1 month prior to the date of data extraction (23rd August 2022).
Finally, those who did not record a PROM prior to their initial
appointment were excluded from analysis due to being unable to pro-
vide a reliable baseline measure against which changes in health out-
comes could be measured. Patients completed PROMs remotely at one
month, three months, and six months.

At the initial appointment the primary indication for treatment was
recorded. Clinicians additionally recorded relevant demographics,
including age, gender, occupation, and body mass index (kg/m2). In
addition, important comorbidities were recorded and the Charlson co-
morbidity index was calculated for each patient (Brusselaers and
Lagergren, 2017). Tobacco, alcohol, and cannabis consumption were
recorded as smoking pack years, weekly alcohol consumption in units,
and cannabis gram years, respectively. Cannabis gram years is a metric
designed to quantitatively describe the previous use of cannabis, which
could potentially cause a tolerance to current cannabis medication
(Colizzi and Bhattacharyya, 2018; Ramaekers et al., 2020a). Patients
were counselled against purchase and consumption of non-medical
cannabis; however, participants who were previous cannabis con-
sumers were not required to demonstrate abstinence from cannabis prior
to initiation of therapy. Non-prescribed cannabis use was not recorded
during treatment with CBMPs. Consumption of illicit drugs, beyond
cannabis, was not measured. Patients were required to record their
baseline PROMs before their initial prescription for a CBMP is dispensed.

Details about CBMP prescriptions were collected throughout treat-
ment, including brand name; formulation; route of administration; CBD
and THC dosages.

2.3. Patient-reported outcome measures data

The primary outcomes were changes in PROMs from baseline. These
included the EQ-5D-5L, General Anxiety Disorder-7 (GAD-7), Single-
Item Sleep Quality Scale (SQS), patient global impression of change
(PGIC) and Multiple Sclerosis Quality of Life-54 (MSQOL-54).

EQ-5D-5L measures the health status of patients in a single validated
metric (Herdman et al., 2011). This dimension provides a 5-digit code to
describe five stages of severities (1-no problems; 2-slight problems;
3-moderate problems; 4-severe problems; 5-extreme problems) on five
measurements of the quality of life (mobility, self-care, usual activities,
pain or discomfort, anxiety or depression) (van Hout et al., 2012). These
are used to generate country-specific index values representing HRQoL
(van Hout et al., 2012). The maximum index value is 1, whilst a score
less than O is representative of HRQoL worse than death.

The GAD-7 is a measure for screening for and measuring severity of
generalised anxiety disorder (Spitzer et al., 2006). The questionnaire
provides a score from O to 21, with thresholds of >5, >10, and >15
indicating mild, moderate, and severe anxiety, respectively (Lowe et al.,
2008). The minimal clinically important difference (MCID) in GAD-7 is
determined as a change of >4 points (Toussaint et al., 2020).

The SQS scale provides a score from 0 to 10, describing the self-
reported sleep quality of patients over the past seven days. A score of
10 and O represents an ‘excellent’ and ‘terrible’ sleep quality respec-
tively (Snyder et al., 2018). The MCID for SQS is a 2.6-point change
(Snyder et al., 2018).

Patient global impression of change (PGIC) is a measure of perceived
change in symptoms since commencing therapy. It scales into seven
points from 1 to 7 accordingly (L. Ferguson, 2009).

Multiple Sclerosis Quality of Life-54 (MSQoL-54) measures HRQoL
with specific attribution to the effects of living with MS. It includes 15
subscales encompassing both physical and mental health: ‘change in
health scale’, ‘cognitive function’, ‘emotional wellbeing’, ‘energy scale’,
‘health distress scale’, ‘health perception’, ‘pain scale’, ‘physical func-
tion’, ‘physical health’, ‘role limitations due to physical limitation’, ‘role
limitations due to emotional problems’, ‘satisfaction with sexual func-
tion’, ‘sexual function’, ‘social function’, and ‘overall quality of life’.
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These are also incorporated within the mental and physical health
composite values. Each factor scales from 0 to 100 linearly with a higher
value representing improved outcomes within each subscale (Vickrey
et al., 1995).

2.4. Adverse events

Adverse events were reported by participants either through remote
data collection contemporaneously with PROMs or during the time of
the event. In addition, adverse events could be recorded during con-
sultations with clinicians. In each instance they were recorded in
accordance with the common terminology criteria for adverse events
version 4.0 (Trotti et al., 2003).

2.5. Statistical analysis

Descriptive analysis was performed on patient demographics, drug
and alcohol data, and reported adverse events. The Shapiro-Wilk test
and graphical analysis was used to determine the distribution of studied
data. Data was presented as the mean (+ standard deviation (+SD)) or
median (interquartile range [IQR]) depending on whether the data was
normally distributed. Paired t-tests or the Wilcoxon rank sum test were
used to analyse change in PROMs from baseline for parametric data sets
and nonparametric data sets respectively. The proportion of patients
who experience a MCID in GAD-7 and SQS were also reported. As no
MCID values exist for MSQoL-54 or EQ-5D-5L in a population with MS
these were not calculated or analysed. Statistical Package for Social
Sciences (SPSS) [IBM Statistics version 26 SPSS (New York, IL), USA]
was used for the data processing. Statistical significance was defined as
p-value<0.050.

3. Results
3.1. Patient demographics and cannabis exposure

A total of 141 patients with MS were included in the study. 69 (48.94
%) patients were male and 72 (51.06 %) patients were female (Table 1).
The mean age of the participants was 45.89 (£ 11.10) years. The mean
body mass index was 26.94 (+ 7.02) kg/m2 The most frequently
recorded occupation was “unemployed” (n = 69; 48.90 %). The median
Charlson comorbidity index score of the patients was 0.00 [0.00-5.00].
Full information on clinicopathological characteristics of patients at
baseline can be viewed in Table 1.

Most participants were current cannabis users at baseline (n = 78;
55.32 %) (Table 2). Across the cohort, the median lifetime exposure to
cannabis was 4.75 [1.00-12.88] gram years. The median lifetime
exposure of patients to tobacco was 10.00 [5.00-20.00] gram years,
whilst the median weekly alcohol consumption of participants was 0.00
[0.00-4.00] units.

3.2. Cannabis-based medicinal product dosing

The majority of patients were prescribed both THC and CBD (n =
138; 97.87 %) (Table 3). At the point of extraction, the median daily
THC and CBD dose was 210.00 [24.00-372.50] mg and 25.00
[20.00-50.00] mg respectively. CBMP oils were prescribed to 41 (29.07
%) patients, and CBMP flowers were prescribed to 22 (15.60 %) patients.
For patients prescribed both CBMP oils and flowers, the median THC and
CBD dose was 220.00 [210.00-410.00] mg and 30.00 [25.00-55.00] mg
respectively per day. Among those 41 patients prescribed with CBMP
oils only, the median daily THC and CBD dose was 20.00 [20.00-20.00]
mg and 20.00 [20.00-27.50] mg. While among those patients prescribed
with CBMP flowers only, the median daily THC and CBD dose was
270.00 [200.00-408.75] mg and 10.00 [5.00-65.00] mg, respectively.
The most commonly prescribed THC-predominant and CBD-
predominant oils were Adven® 20 (Curaleaf International, Guernsey)
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Table 1
Clinicopathological characteristics of study participants at baseline.
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Table 3
CBMP dosing of registered multiple sclerosis patients.

Baseline Characteristics No. (%) / Mean + SD / Median

[IQR]
Gender
Female 69 (48.94 %)
Male 72 (51.06 %)
Age 45.89 + 11.10
Body mass index (kg/m?) 26.94 + 7.02
Occupation
Unemployed 69 (48.94 %)
Unknown 27 (19.15 %)
Managers 10 (7.09 %)
Professional 10 (7.09 %)
Other occupations 9 (6.38 %)
Elementary occupations 5 (3.55 %)
Craft and related trades workers 4 (2.84 %)
Clerical support workers 3(2.13 %)
Service and sales workers 2 (1.42 %)
Technicians and associate professionals 1(0.71 %)
Plant and machine operators, and assemblers 1 (0.71 %)

Charlson Comorbidity Index 0.00 [0.00-5.00]

AIDS 0 (0.00 %)
Anxiety/depression 5 (3.55 %)
Arthritis 7 (4.96 %)
Cerebrovascular accident or transient ischemic 0 (0.00 %)
attack
Chronic obstructive pulmonary disease 2 (1.42 %)
Congestive heart failure 0 (0.00 %)
Connective tissue disease 0 (0.00 %)
Dementia 0 (0.00 %)
Diabetes 5 (3.55 %)
Endocrine thyroid dysfunction 8 (5.67 %)
Epilepsy 4 (2.84 %)
Hemiplegia 0 (0.00 %)
Hypertension 12 (8.51 %)
Leukemia 0 (0.00 %)
Liver disease 0 (0.00 %)
Lymphoma 0 (0.00 %)
Moderate to severe chronic kidney disease 1(0.71 %)
Myocardial infarction 2 (1.42 %)
Peptic ulcer disease 0 (0.00 %)
Peripheral vascular disease 2 (1.42 %)
Solid tumour 3(2.13 %)
VTE 0 (0.00 %)

Table 2
Tobacco, alcohol, and cannabis exposure of patients at baseline.

Tobacco, alcohol, and cannabis status n (%)/ median [IQR]

Cannabis status
Cannabis naive
Ex-user
Current user
Cannabis consumption, gram years
Tobacco status
Non-smoker
Ex-smoker
Current smoker
Tobacco pack years
Weekly alcohol consumption, units

30 (21.28 %)
33 (23.40 %)
78 (55.32 %)
4.75 [1.00-12.88]

35 (24.82 %)

72 (51.06 %)

34 (24.11 %)
10.00 [5.00-20.00]
0.00 [0.00-4.00]

and Adven® 50 (Curaleaf International, Guernsey), whilst the most
commonly prescribed flower was Adven® EMT2 (Curaleaf Interna-
tional, Guernsey).

3.3. Patient-reported outcome measures & follow-up measures

Table 4 details, in full, paired results of PROMs from baseline to
follow-up at 1, 3, and 6 months. Results demonstrate an improvement in
HRQOoL, as assessed by GAD-7, SQS and EQ-5D-5L measures at 1, 3 and 6
months compared to baseline (p < 0.050). However, there was no
change in EQ-5D-5L Self Care measure at 6 months compared to baseline

Medication status Baseline

Median [IQR] CBD dosage per day (mg)

Median [IQR] THC dosage per day (mg)

Number of patients prescribed both THC and CBD
Number of patients prescribed THC alone

Number of patients prescribed CBD alone

Number of patients consumed both CBMP oils and flowers
Number of patients consumed CBMP oils only

Number of patients consumed CBMP flowers only

25.00 [20.00-50.00]
210.00 [24.00-372.50]
138 (97.87 %)

1 (0.71 %)

2 (1.42 %)

78 (55.32 %)

41 (29.08 %)

22 (15.60 %)

CBMP, Cannabis-based medicinal product; IQR, interquartile range; CBD, can-
nabidiol; THC, (-)-trans-delta-9-tetrahydrocannabinol.

(p = 0.112). The median PGIC value at 1 and 3 months was 5.00
[5.00-6.00], while the median PGIC value at 6 months was 6.00
[5.00-6.00]. The proportion of individuals who reported a MCID change
in GAD-7 at 1 month, 3 months and 6 months were 38.14 % (n = 45/
118), 35.71 % (n = 30/84), and 40.00 % (n = 22/55). With respect to
SQS, 37.82 % (n = 45/110), 32.14 % (n = 27/84), and 29.09 % (n = 16/
55) of individuals reported a MCID.

The baseline and follow up scores for the MSQoL-54, including in-
dividual subscales are reported in Table 5. Statistically significant
improvement was measured across multiple categories at each follow
up, including the change in health scale, cognitive function, mental
health composition, physical health, role limitations due to physical
limitation and due to emotional problems, as well as social and sexual
function (p < 0.050). Even though there was a statistically significant
difference in satisfaction with sexual function at 1 month (p = 0.009),
the difference was not significant at 3 and 6 months (p > 0.050).
Furthermore, no significant change was observed for the overall quality
of life measure at 1 and 3 months (p > 0.050); however, a significant
change was observed at 6 months compared to baseline (p = 0.005).

3.4. Adverse events

Full information on adverse events reported by participants is dis-
played in Table 6. 146 (103.50 %) total adverse events were reported by
21 (14.89 %) participants. Among the 146 cases, most were considered
mild (n = 47; 33.33 %) and moderate (n = 72; 51.06 %). 26 (18.44 %)
adverse events were severe and 1 (0.71 %) was life-threatening/
disabling. The five most frequent adverse events were fatigue (n = 14,
9.93 %), lethargy (n = 10; 7.09 %), somnolence (n = 10; 7.09 %),
muscular weakness (n = 9; 6.38 %), and spasticity (n = 9; 6.38 %).

4. Discussion

This case series demonstrates a potential association between initi-
ation of CBMPs and improved patient reported outcomes in sleep, anx-
iety and general HRQoL measures, over 6 months. This analysis
indicated improvements in validated measures including EQ-5D-5L,
GAD-7 and SQS over a 6-month follow up period (p < 0.050). Addi-
tional measures for HRQoL, including various physical and mental
health subdomains assessed through the MSQoL-54, also exhibit im-
provements up to 6 months when compared to baseline. 146 (103.5 %)
adverse events were by 14.89 % of participants, with most reported
events being mild to moderate in severity (n = 109, 84.40 %). These
findings, whilst statistically significant, must be interpreted with a high
degree of caution, due to the inherent limitations in study design. As this
is an observational study, a range of factors are uncontrolled including
concomitant drug use, blinding, and patient selection - a key example is
the reported proportion of current cannabis users at baseline (55.32 %).

In this case series, patients prescribed CBMPs presented with im-
provements in HRQoL as illustrated by a statistically significant differ-
ence in EQ-5D-5L, GAD-7 and SQS values between baseline and follow-
up at all time points. This is consistent with previous analysis performed
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Table 4 Table 5
Paired baseline and follow-up patient reported outcome measures. Paired baseline and follow-up patient-reported outcome measures.
n Baseline Score Follow-Up p-value N Baseline Score Follow-Up p-value
Score Score
GAD-7 1 118 6.00 3.00 <0.001 Change in 1 116 25.00 50.00 <0.001
month [2.00-11.25] [1.00-7.00] health scale month [0.00-50.00] [25.00-68.75]
3 84 5.00 2.00 <0.001 3 83 25.00 50.00 <0.001
months [1.00-8.75] [0.00-6.00] months [25.00-50.00] [25.00-75.00]
6 55 5.00 3.00 <0.001 6 54 25.00 50.00 0.001
months [2.00-8.00] [1.00-6.00] months [25.00-50.00] [25.00-75.00]
Cognitive 1 116 47.50 65.00 <0.001
SQS 1 119 4.00 7.00 <0.001 function month [25.00-70.00] [35.00-80.00]
month [3.00-7.00] [5.00-8.00] 3 83 55.00 70.00 <0.001
3 84 4.50 7.00 <0.001 months [30.00-75.00] [45.00-80.00]
months [3.00-7.00] [5.00-8.00] 6 54 60.00 65.00 0.001
6 55 5.00 7.00 0.005 months [28.75-71.25] [43.75-85.00]
months [3.00-7.00] [4.00-9.00] Emotional 1 116 56.00 68.00 <0.001
wellbeing month [44.00-72.00] [48.00-84.00]
EQ-5D-5L 1 119 3.00 3.00 <0.001 3 83 64.00 72.00 0.068
Mobility month [3.00-4.00] [2.00-4.00] months [48.00-76.00] [48.00-84.00]
3 84 3.00 3.00 0.003 6 54 62.00 72.00 0.002
months [2.25-4.00] [2.00-4.00] months [48.00-73.00] [52.00-84.00]
6 55 3.00 3.00 0.007 Energy scale 1 116 20.00 34.00 <0.001
months [3.00-4.00] [2.00-4.00] month [8.00-36.00] [16.00-48.00]
3 83 20.00 36.00 <0.001
EQ-5D-5L Self- 1 119 2.00 2.00 0.018 months [12.00-36.00] [16.00-48.00]
Care month [1.00-3.00] [1.00-3.00] 6 54 22.00 36.00 <0.001
3 84 2.00 2.00 0.047 months [12.00-37.00] [20.00-52.00]
months [2.00-3.00] [1.00-3.00] Health distress 1 116 35.00 40.00 <0.001
6 55 2.00 2.00 0.112 scale month [15.00-58.75] [25.00-65.00]
months [2.00-3.00] [1.00-3.00] 3 83 40.00 50.00 0.023
months [15.00-65.00] [25.00-70.00]
EQ-5D-5L Usual 1 119 3.00 3.00 <0.001 6 54 40.00 55.00 0.003
Activities month [2.00-4.00] [2.00-3.00] months [15.00-60.00] [28.75-75.00]
3 84 3.00 3.00 <0.001 Health 1 116 20.00 25.00 0.001
months [2.00-4.00] [2.00-3.00] perception month [10.00-35.00] [15.00-38.75]
6 55 3.00 3.00 0.006 3 83 25.00 25.00 0.024
months [2.00-4.00] [2.00-3.00] months [10.00-35.00] [15.00-35.00]
6 54 25.00 30.00 0.002
EQ-5D-5L Pain 1 119 3.00 3.00 <0.001 months [13.75-35.00] [15.00-50.00]
and month [3.00-4.00] [2.00-4.00] Pain scale 1 116 29.17 46.67 <0.001
Discomfort month [15.00-46.67] [30.00-68.33]
3 84 4.00 3.00 <0.001 3 83 30.00 46.67 <0.001
months [3.00-4.00] [2.00-3.00] months [15.00-55.00] [23.33-63.33]
6 55 4.00 2.00 <0.001 6 54 29.17 53.33 <0.001
months [2.00-4.00] [2.00-3.00] months [15.00-61.67] [38.33-70.00]
Physical 1 116  20.00 25.00 0.001
EQ-5D-5L 1 119 2.00 2.00 <0.001 function month [5.00-35.00] [6.25-43.75]
Anxiety and month [2.00-3.00] [1.00-3.00] 3 83 20.00 25.00 0.010
Depression 3 84 2.00 2.00 <0.001 months [5.00-35.00] [5.00-50.00]
months [1.00-3.00] [1.00-2.00] 6 54 20.00 27.50 0.031
6 55 2.00 2.00 0.013 months [8.75-36.25] [5.00-46.25]
months [2.00-3.00] [1.00-3.00] Physical 1 116 20.00 25.00 0.001
health month [5.00-35.00] [6.25-43.75]
EQ-5D-5L Index 1 119 0.33 0.55 <0.001 3 83 20.00 25.00 0.010
Value month [-0.02-0.61] [0.30-0.68] months [5.00-35.00] [5.00-50.00]
3 84 0.34 0.58 <0.001 6 54 20.00 27.50 0.031
months [—0.03-0.61] [0.33-0.66] months [8.75-36.25] [5.00-46.25]
6 55 0.34 0.57 <0.001 Role 1 116 0.00 25.00 <0.001
months [0.05-0.59] [0.30-0.69] limitations month [0.00-25.00] [0.00-75.00]
due to 3 83 0.00 25.00 <0.001
PGIC 1 - 5.00 - physical months [0.00-25.00] [0.00-50.00]
month [5.00-6.00] limitation 6 54 0.00 0.00 0.001
3 - 5.00 - months [0.00-25.00] [0.00-81.25]
months [5.00-6.00] Role 1 116 33.33 50.00 0.019
6 - 6.00 - limitations month [0.00-100.00] [0.00-100.00]
months [5.00-6.00] due 3 83 33.33 66.66 0.028
_ . _ K . emotional months [0.00-100.00] [0.00-100.00]
GAD-7, Generalized Anxiety Disorder Scale; PGIC, Patient Global Impression of problems 6 54 0.00 66.66 0.012
Change; SQS, Sleep Quality Scale. months [0.00-100.00]  [0.00-100.00]
Satisfaction 1 116 50.00 50.00 0.009
on the UK Medical Cannabis Registry that demonstrated similar im- with sexual  month [0.00-75.00] [25.00-75.00]
. . . T TION . function 3 73 50.00 50.00 0.394
provements in patients with a range of indications for prescribed CBMPs months [0.00-75.00] [25.0075.00]
across a 1-to-6-month time period (n = 312) (Ergisi et al., 2022a). This 6 54 50.00 50.00 0.752
study identified improvements in all EQ-5D-5L values excluding months [18.75-75.00]  [25.00-75.00]
EQ-5D-5L Self-care at 3 and 6 months which is replicated in the present (continued on next page)

analysis (p < 0.050). A 2014 review of nabiximols administration for MS
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Table 5 (continued)

N Baseline Score Follow-Up p-value
Score
Sexual 1 116 62.50 66.70 0.012
function month [24.98-91.68] [33.30-91.68]
3 83 66.70 75.00 0.015
months [24.98-91.68] [33.30-100.00]
6 54 66.69 75.01 0.007
months [25.00-91.68] [41.65-100.00]
Social 1 116 41.67 54.17 <0.001
function month [33.33-66.67] [41.67-66.67]
3 83 50.00 58.33 0.004
months [33.33-66.67] [33.33-66.67]
6 54 50.00 58.33 0.003
months [31.25-66.67] [33.33-75.00]
Mental health 1 116 43.04 56.81 <0.001
composite month [30.61-66.08] [35.62-73.99]
3 83 50.54 58.96 <0.001
months [33.18-70.08] [40.14-74.77]
6 54 43.53 60.62 <0.001
months [32.34-65.90] [40.88-79.38]
Physical 1 116 27.55 37.13 <0.001
health month [17.24-41.92] [25.60-51.94]
composite 3 83 27.75 38.50 <0.001
months [17.71-44.53] [25.73-49.51]
6 54 28.11 40.31 <0.001
months [18.41-42.25] [28.88-58.35]
Overall 1 116  50.00 51.65 0.068
quality of month [41.65-58.35] [45.00-65.00]
life
3 83 50.00 51.65 0.068
months [41.65-58.35] [43.35-63.35]
6 54 50.00 54.18 0.005
months [40.00-55.41] [45.00-69.18]

spasticity reported improvements to MSQoL physical and mental health
composite scores (34.6 to 44.7 and 47.5 to 58.5 respectively) over a
12-month period (Arroyo et al., 2014). An associated decrease was also
seen in measures of physical health, function and mobility over the
investigated period, a pattern that is mirrored in several other studies
(Ergisi et al., 2022a; Harris et al., 2022; Erridge et al., 2021). Given the
nature of MS, a decline in physical health secondary to disease pro-
gression could help explain the gradual decrease in self-care values over
the 6-month period. In the present study however, there were
self-reported improvements in physical function which mirrors the
findings from studies of other less progressive disorders (Harris et al.,
2022; Ergisi et al., 2022b). These results differ from the clinical trial
from Novotna et al. investigating the application of nabiximols for re-
fractory spasticity in MS (Novotna et al., 2011). Future randomised
controlled trials against active comparators or placebo will be necessary
to enable accurate assessment of the positive and negative effects of
CBMP therapy.

Improvements in measured anxiety were identified using the EQ-5D-
5L anxiety and depression subscale and the GAD-7 that were sustained at
6 months (p < 0.050). There was also an improvement to the mental
health composite MSQoL subscale (P < 0.001). This builds upon pre-
clinical evidence supporting the role of the endocannabinoid system in
neuropsychiatric conditions (Sarris et al., 2020; Black et al., 2019).
Previous studies have also demonstrated a similar change in related
PROMs (Ergisi et al., 2022a; Ergisi et al., 2022b; Erridge et al., 2022b;
Erridge et al., 2021). Anxiety and depression are frequent co-morbidities
in patients with MS, though less common in this cohort, and the present
study suggests an improvement in anxiety symptoms, amongst others,
which reinforces the potential of cannabinoids to treat the sequalae of
MS (Ghasemi et al., 2017; Silveira et al., 2019; Johnston, 2002).

As pain is the most common reason for symptomatic therapy in MS,
the improvements in the EQ-5D-5L pain and discomfort subscale and
MSQoL-54 pain scale are clinically relevant (Solaro et al., 2013). Dif-
ferences between baseline and follow-up were sustained at 6 months (p
< 0.001). Similarly, in a recent analysis of the UK Medical Cannabis
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Table 6
Adverse events reported by patients.
Adverse Event Mild Moderate Severe Life- Total
threatening (%)
/Disabling
Abdominal 3 - 2 - 5(3.55
Pain (Upper) %)
Amnesia - 1 - - 1(0.71
OA))
Anorexia 2 - - - 2 (1.42
%)
Ataxia 2 4 2 - 8 (5.67
0/0)
Blurred Vision 3 4 - - 7 (4.96
%)
Cognitive 1 4 - - 5(3.55
Disturbance %)
Concentration 3 5 - - 8 (5.67
Impairment %)
Confusion 1 2 1 - 4 (2.84
%)
Constipation 3 1 — — 4 (2.84
%)
Decreased - 1 - - 1(0.71
Weight %)
Diarrhoea 1 - 2 - 3(2.13
%)
Dizziness - 3 - - 3(2.13
%)
Dry Mouth 4 1 - - 5(3.55
%)
Dysgeusia - 1 - - 1(0.71
%)
Dyspepsia 1 1 - - 2(1.42
%)
Fall - 2 - - 2(1.42
%)
Fatigue 4 6 4 - 14 (9.93
%)
Faecal 1 - - - 1(0.71
Incontinence %)
Headache 2 1 2 - 5 (3.55
L%)
Hypertension - 1 - - 1(0.71
%)
Insomnia 1 2 2 - 5(3.55
%)
Lethargy 3 7 - - 10 (7.09
%)
Muscular - 5 4 - 9(6.38
Weakness %)
Nausea 3 - — — 3(2.13
%)
Pharyngitis - 1 - - 1(0.71
%)
Pneumothorax - - - 1 1 (0.71
%)
Pyrexia 1 - - - 1(0.71
%)
Rash - 1 - - 1(0.71
%)
Somnolence - 8 2 - 10 (7.09
%)
Spasticity 2 4 3 - 9(6.38
%)
Tremor 2 2 - - 4 (2.84
%)
Upper - 1 1 - 2(1.42
Respiratory %)
Infection
Urinary Tract - 1 1 - 2(1.42
Infection %)
Vertigo 3 2 - - 5(3.55
%)
Vomiting 1 - - - 1(0.71
OA))
Total 47 72 (51.06 26 1(0.71 %) 146
(33.303 %) (18.44 (103.55

%)

%)

%)
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Registry investigating chronic pain conditions, clear changes in pain
PROM:s including EQ-5D-5L pain and discomfort subscale, the Brief Pain
Inventory and the McGill Pain Questionnaire — Short Form neuropathic
pain subscale were noted, supporting the present study findings (Harris
etal., 2022). A 2018 study indicated a significant reduction in numerical
rating scale scores following nabiximols administration through a
1-month period, consistent with the changes in PROMs reported in the
present study (Turri et al., 2018). A 2022 observational study also noted
a marked reduction in MS-associated pain, lasting up to 18 months (Patti
et al., 2022). Furthermore, a systematic review and meta-analysis of
randomised clinical trials indicated the administration of non-inhaled
cannabinoids were associated with a 10 % increased risk difference of
experiencing a clinically significant improvement in pain (Wang et al.,
2021).

There were 146 adverse events (103.50 %) reported in this study.
This is higher compared to previous findings from UK Medical Cannabis
Registry analyses which ranged from 24.01 to 39.70 % (Ergisi et al.,
2022a; Harris et al., 2022; Ergisi et al., 2022b; Kawka et al., 2021;
Erridge et al., 2021). Several studies investigating nabiximols for MS
also indicated lower adverse incidence rates ranging from 9.70 to 82.0 %
(D’Hooghe et al., 2021; Patti et al., 2016; Collin et al., 2007; Novotna
et al., 2011; Vaney et al., 2004; Pozzilli, 2013). A likely explanation for
the high incidence rate is the upgrading of the adverse event reporting
system, allowing for recording of adverse events through three different
mechanisms (Erridge et al., 2022b). The longer duration of follow up
also leads to accumulation of adverse events over the course of the
treatment. Moreover, symptoms due to the underlying disease may be
inaccurately reported as an adverse event. This is correlated with the
five most common adverse events being fatigue, lethargy, somnolence,
muscular weakness, and spasticity — all of which are common clinical
manifestations of MS (Johnston, 2002; Carnicka et al., 2015; Braley and
Chervin, 2010). The burden of MS treatment in parallel may also reflect
the high incidence rate. Furthermore, the route of administration has
been previously shown to impact the rate and type of adverse events. As
a greater proportion of the cohort are prescribed oils (62.40 %), this may
explain the lower incidence of oromucosal and bronchopulmonary
adverse events. Despite the relatively high THC dose, there was also a
low incidence of cognitive disturbance. Over half the cohort were cur-
rent cannabis users and may have a tolerance to the effects of THC on
cognition (Colizzi and Bhattacharyya, 2018; Ramaekers et al., 2020b).
Furthermore, concomitant administration of medication to treat the
sequalae of MS may disturb higher brain function, and lead to an un-
derrepresentation of CBMP-induced cognitive disturbance. Without a
randomised controlled trial, it will be difficult to ascertain the true na-
ture of these adverse events. Most adverse events were mild to moderate
in severity which is similar to previous studies over the short-to-medium
term (Ergisi et al., 2022a; Harris et al., 2022; Ergisi et al., 2022b; Kawka
et al., 2021; Erridge et al., 2021). However, a greater number of severe
adverse events was noted compared to prior analyses.

This study has some note-worthy limitations. Firstly, the lack of a
placebo control group lowered the study’s internal validity, making it
difficult to establish a causative relationship between CBMP treatment
and improvements (Banerjee et al., 2022). Additionally, the study’s use
of PROMs introduces performance and response bias which means that
patients may have exaggerated or understated their treatment effects.
This consequently affects the ability to draw meaningful conclusions and
questions the reliability of the data obtained. Likewise, lifetime cannabis
use was quantified using cannabis gram years, but the accuracy is
limited by its self-reported nature. Without appropriate controls, it is not
possible to truly to determine whether CBMP administration is solely
responsible for the observed results. This study also experienced a high
rate of patient attrition at the follow-up time points which has a sig-
nificant impact on the reliability and external validity of the results. For
example, loss to follow up could be secondary to a lack of therapeutic
benefit, skewing the results towards a positive effect. Furthermore,
sub-group analysis could not be performed for follow up time points due

Multiple Sclerosis and Related Disorders 87 (2024) 105665

to low statistical power. Future studies should aim to tackle the problem
of missing data through methods such as multiple imputation.

Participants in this study had consulted a private clinic to access
CBMP treatment at a given cost. This hinders the generalisability of the
data to MS patients from lower socioeconomic backgrounds, as they may
be unable to access such facilities. Unfortunately, this study did not
obtain this data; however, 48.94 % of patients were unemployed indi-
cating that the suggested bias for wealthy participants may not be as
high as this would otherwise suggest. In future, it would be beneficial if
socio-economic data is also collected, to allow researchers to assess if the
study population is an accurate representation of the general population
to ensure greater generalisability of results.

Due to the heterogenous nature of MS, patients often have person-
alised treatment plans (Rotstein and Montalban, 2019). Despite this, the
UKCMR does not collect specific data on disease course or progression.
This would be informative as sub-group analysis could be performed to
understand treatment responses between disease courses. A clinical trial
would be the best approach for this as both a larger sample size and
controlled treatment regime are required. In this study, patients were
prescribed CBMPs most suitable for their clinical requirements. The
disparities between formulations, route of administration and dosage of
the CBMPs prescribed to each patient can act as confounding variables
and must therefore be taken into consideration.

In this cohort, the similar proportions of male and female individuals
reduce the translatability of this study as it not representative of the
global disease burden of MS. This is a common theme across conditions
in the UKMCR as males are more likely to have cannabis experience than
women and are therefore more likely to undergo cannabis-based therapy
(Olsson et al., 2023; NIDA 2022). This selection bias not only masks
gender differences, it may also lead to a lack of comparability between
cannabis naive and experienced patients. Preclinical evidence has
indicated the effect of pharmacological tolerance that accompanies
continuous cannabis use (Ramaekers et al., 2020a; D’Souza et al., 2008).
For current cannabis users, this may reduce the likelihood of adverse
events and lead to greater doses of THC and/or CBD to achieve the
desired clinical effect. Moreover, prior cannabis users, may have an
expectancy bias towards a positive outcome. Finally, if these individuals
were consuming cannabis for health reasons this may represent a sam-
pling bias towards inclusion of self-identified responders to therapy with
cannabis. The importance of these issues cannot be understated, and
steps should be taken to increase the access of CBMP treatment to all
demographics.

Whilst this study followed up on MS patients after 6 months of CBMP
use, investigating the long-term effects (>1 year) would be of great
clinical interest and value. It will enable clinicians to make better
informed decisions when prescribing CBMPs for MS as they can consider
the possible long-term contraindications. Thus, carrying out a study with
longer timepoints will further the knowledge regarding the safety and
clinical outcomes of those prescribed CBMPs for MS-associated
symptoms.

5. Conclusion

This case series is the first to assess the follow-up of MS patients
prescribed unlicensed CBMPs for up to 6 months. The results obtained
from this study have indicated an association between treatment with
CBMPs and improved general HRQoL outcomes in the short-to-medium
term. Despite there being a total of 146 adverse events reported, the
results demonstrate that within the first 6 months CBMP treatment was
well-tolerated by the majority of patients (85.11 %). However, the
inherent limitations of this study must be taken into consideration when
interpreting the results and conclusions should tentatively be drawn.
This study highlights the need for future randomised controlled trials to
further explore CBMP use for MS patients and clear the ambiguities
surrounding the incidence of adverse events.
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