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Abstract.

BACKGROUND: Patients with Rare Diseases (RDs) present with chronic and debilitating symptoms such as pain, anxiety
and epileptic seizures. Symptoms can be unresponsive to conventional treatment and may lead to a decreased Quality of Life
for patients. Cannabinoids have been reported to be efficacious against chronic pain refractory to conventional analgesics,
anxiety and seizures.

OBJECTIVE: Identification of RDs for which Medicinal Cannabis (MC) can be used and identification of issues related to
RDs and perceptions on the use of MC in patients with RDs.

METHODS: Study was divided into 2 phases. Phase 1: Literature Review to identify RDs in which cannabis or cannabinoids
are used Phase 2: Development, validation and dissemination of 2 questionnaires for: (i) Health Care Professionals (HCPs)
and (ii) RD patients.

RESULTS: Cannabinoids were described as possible therapeutic agents in 20 RDs. The questionnaires were completed by
101 HCPs and 38 RD patients. Thirty-three HCPs had no experience on use of MC but would consider using it in their practice
for management of RDs. Most patients (n =29) did not have experience with use of MC and 20 patients would consider using
MC to treat their condition or relieve symptoms of their disease.

CONCLUSION: The study helps identify the potential of MC use in RDs associated with chronic symptoms such as pain,
muscle spasticity, seizures and anxiety.
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1. Background

Rare diseases (RDs) affect millions of people worldwide, are usually genetic in origin and difficult
to diagnose [1-3]. Diagnosis of RDs varies between countries. In the European Union a disease
is classified as rare if it affects not more than 5 per 10,000 individuals [4]. The Food and Drug
Administration defines RDs as those affecting less than 200,000 patients in the United States [5].

Most patients with RDs present with chronic and debilitating symptoms that persist during their
lifetime [6]. Patients with RDs such as palindromic rheumatism, complex regional pain syndrome and
neurofibromatosis type 1 can experience chronic pain [7]. Patients may experience pain of different
aetiology, localization, and intensity. Pain restricts patients’ physical activity, daily functioning abilities,
routine tasks and sleep. Patients can experience anger, frustration, and depression, which can provoke
an enhanced sensation of pain and poorer therapeutic outcomes. Chronic pain’s adverse impact is
multidimensional on patients’ health-related quality of life (QoL) [8].
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Patients with RDs such as complex regional pain syndrome, trigeminal neuralgia, or central pain
syndrome experience chronic neuropathic pain which is often unmanageable with the use of conven-
tional pharmacological treatment. Patients with poorly managed neuropathic pain have significantly
poorer health status and elevated anxiety and depression [9, 10].

RDs such as Dravet Syndrome, Lennox-Gastaut Syndrome, Lafora Disease, and Doose syndrome are
associated with epileptic seizures. Despite a significant number of antiseizure medications available,
at least 30% of patients with epilepsy are unresponsive to treatment [11]. Seizures are linked to higher
rates of psychological complications, such as anxiety and depression [12].

An estimated 95% of RD patients do not have an approved therapy available for their disease.
Treatment of patients with RDs presents additional challenges compared to the ones presenting with
more common diseases. Lack of knowledge about the RD and medical expertise leads to patients being
undiagnosed or misdiagnosed. Rarity of disease significantly complicates specific medicines’ clinical
development: a small group of patients in study recruitment stages, stringent ethical considerations
for inclusion of vulnerable patients and lack of pre-existing knowledge on the rare condition. The
development of orphan medications is not always viable for the pharmaceutical industry because of
the limited number of patients, small market, lack of funding and higher production costs [13].

Cannabis-derived preparations have been used as traditional medicine in different cultures for cen-
turies. There has been a resurgence of interest in the therapeutic properties of cannabis with the
identification of main cannabinoids: delta-9-tetrahydrocannabinol (THC) and cannabidiol (CBD) and
the discovery of the endocannabinoid system (ECS) [14].

Cannabinoids, used alone and in combination have shown efficacy in central and peripheral neu-
ropathic pain and in muscle and joint pain [15]. Cannabinoids have been reported to be efficacious
against chronic pain refractory to conventional analgesics including cancer pain [16, 17]. Cannabis
used for chronic pain was also found to improve sleep quality and physical functioning of patients [18].
THC and CBD have shown efficacy in seizure prevention [19]. CBD is approved for use for treatment
of two rare forms of epilepsies: Lennox-Gastaut syndrome and Dravet syndrome [20].

The aims of the study were to: (i) identify RDs for which medicinal cannabis (MC) can be used and
(i1) identify issues related to RDs and perceptions on the use of MC in patients with RDs.

2. Methods

The study was divided into 2 phases. Phase 1 consisted of Literature review to identify RDs in which
cannabis or cannabinoids are used. Phase 2 involved the development, validation and dissemination
of questionnaires for health care professionals (HCPs) and RD patients. University of Malta Faculty
Research Ethics Committee (FREC) Approval was granted prior to the commencement of the study.

2.1. Phase 1

Studies documenting the use of cannabis or cannabinoids in RDs were identified using the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) tool [21]. Open-access peer-
reviewed journal articles published in PubMed Central and MEDLINE in English between January
2020 and October 2021 were retrieved. Search terms used included: ‘rare diseases, medical marijuana’,
‘orphan disease, medical marijuana’, ‘rare disease, THC, CBD’, ‘rare disease tetrahydrocannabinol,
cannabidiol.” The type of study, type of rare disease, cannabinoid used, subjects and endpoints were
compared.
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2.2. Phase 2

Two questionnaires were developed for: (i) HCPs (ii) RD patients. Both questionnaires were divided
into 5 sections: a) demographic information b) clinical presentation of RD c) treatment of RD: d) issues
related to treatment e) use of MC. Information gathered in both questionnaires included symptoms
experienced by RD patients, treatment currently used to relieve symptoms experienced by RD patients,
issues related to treatment for RD and experience and perceptions on use of MC.

The questionnaires were validated by six pharmacists (three working in the community, two in
academia and one in regulatory sciences), a psychiatric nurse, an occupational therapist and a physician.
Questionnaires were distributed electronically and by hand. The questionnaire for HCPs was distributed
among healthcare associations, health centres, private medical clinics, pharmacies, and to individual
healthcare professionals. The questionnaire for RD patients was disseminated via contact persons at a
local RD support organisation, a pain clinic and through the local association of occupational therapists.
Questionnaires of RD patients were filled in by the RD patients or their carer.

3. Results
3.1. Phase 1

Literature revealed 31 articles (Fig. 1) that described the use of MC as a possible therapeutic option
in 20 different RDs mainly epileptic conditions and neurodegenerative diseases (Table 1).

The most common types of studies were review studies [23, 24, 28-34,36-38,42,45,46, 51]. Studies
discussed the use of cannabinoids in RDs either as the main therapeutic agent, such as in Epidermolysis
Bullosa (n=1) and Systemic Sclerosis Scleroderma (n = 1) or as an add-on therapy, such as in conditions
associated with refractory epilepsy (n=7). The most commonly used cannabinoid was CBD (n=16).

Five case reports presented cases related to five different RDs where patients were receiving com-
mercially available forms of MC, such as Epidiolex, Sativex or Dronabinol [25, 40, 41, 44, 52]. All
patients showed improvement in presenting symptoms, including chronic sensory and motor symptoms,
abdominal pain and drug-resistant seizures (Table 2).

Three surveys discussed the use of MC in Epidermolysis Bullosa, in Dravet syndrome Lennox-
Gastaut syndrome and Doose syndrome and in Dravet syndrome and Lennox-Gastaut syndrome.
Improvement in symptoms following the use of MC was documented in the three articles [26, 27, 39].

Experimental studies described the use of cannabinoids in mice (n =4) and zebra fish (n = 1) models.
Studies reported improvement in symptoms such as pain, seizures and anxiety following the use of
MC [22, 43, 47-49].

Clinical trials investigated the efficacy and safety of CBD in paediatric and adult patients who
were not responsive to anti-seizure medication [35, 50]. Patients had a reduced seizure frequency
following administration of CBD with somnolence and diarrhoea being the most common adverse
effects (Table 3).

3.2. Phase 2

One hundred and one HCPs answered the questionnaire (Table 4). Forty-eight HCPs encountered
2-4 RD patients a year. RDs that HCPs encountered in their practice were Fabry disease (n=4), Fragile
X syndrome (n =2), autosomal systemic lupus erythematosus (n =2), Huntington’s disease (n =2) and
Charcot Marie tooth disease (n=2).

Pain (n=51) was the most commonly encountered symptom experienced by their RD patients
followed by anxiety (n =34), muscle spasticity (n=33) and sleep disorders (n = 20). Persistent chronic
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Literature Review

Identification of studies via databases

: Records identified (n = 239): Re_cords removed before screening
2 (n=46):
3 PubMed database (n = 195) .
= MEDLINE Complete database — | Duplicate records removed (n = 41)
|5 (n = 44) Records removed as not in English
3 (n=15)
"o
Records excluded during screening
2 Records screened (n=162):
= —
o (n=193) )
o Not related to any rare disease (n = 64)
é Not related to MC pharmacotherapy (n = 40)
Related to the side-effect/toxicity
of cannabinoids (n = 58)

Articles included in review (n = 31):

Case reports (n =5)

Surveys (n = 3)
Experimental studies (n = 5)
Clinical trials (n = 2)
Literature Review (n = 16)

Fig. 1. PRISMA flow diagram for literature review on Medicinal Cannabis use in Rare Diseases.

neuropathic pain (n=31) was the most common type of pain reported by the patients of the HCPs.
Patients who presented with seizures had 1-3 disabling seizures per year in most cases (n = 6) followed
by 1-3 disabling seizures per month (n=4). HCPs reported that RD patients experienced emotional
and/or physical stress (n=22).

Medication classes commonly prescribed by HCPs to RD patients included benzodiazepines (n = 69),
analgesics (n=37) and muscle relaxants (n =35). The most common issues associated with RD patient
treatment in HCPs opinion was diagnosis of the RD (n=43), treatment financial burden (n=27) and
lack of available treatment options (n=26).

Thirty-three HCPs had no experience on the use of MC but would consider using it in their practice.
Pain was the most common symptom (n = 52) for which HCPs would prescribe cannabis, followed by
muscle spasticity (n=38), anxiety (n=38) and sleep disorders (n=32) (Table 5). Adverse effects that
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Table 1
RDs identified in literature in which MC is/can be used (N =20)

Rare disease

Autoimmune encephalitis [22]

Autosomal Systemic Lupus Erythematosus [23]
CDKLS5 Deficiency Disorder [24]

Chronic Intestinal Pseudo-Obstruction [25]
Cystic Fibrosis [23]

Dermatomyositis [23]

Doose Syndrome [24], [26]

Dravet Syndrome [24], [26-38]

Epidermolysis Bullosa [39]

Febrile Infection-Related Epilepsy Syndrome [40]
Huntington disease [41], [42]

Lafora Disease [43]

Lennox-Gastaut Syndrome [24], [26], [27], [29-38]
Neurofibromatosis Type 1 [44]

Prader-Willi Syndrome [45]

Rett Syndrome [46], [47]

Systemic Sclerosis Scleroderma [23], [48]
Tuberous Sclerosis Complex [24], [36], [49], [50]
West Syndrome [51]

Williams-Beuren Syndrome [52]

HCPs were concerned about with the use of MC were confusion (n = 30), addiction (n =29), drowsiness
(n=23), impaired memory and concentration (n =20) and hallucinations (n =20).

The RD patient questionnaire was completed by 38 respondents. The majority (n =29) of RD patients
were adults (Table 6). The most common RDs in this group of patients were Kabuki Syndrome (n = 3)
and Fabry Disease (n=2).

Pain (n=24) and anxiety (n=22) were the symptoms most commonly experienced by the patients.
Joint pain (n=35) and headaches (n=35) were the most common types of pain. RD patients reported
experiencing impairment in concentration and memory (n =12), gastro-intestinal symptoms (n=12),
weakness or dizziness (n=10) and insomnia (n = 8).

Twenty respondents found it easy to access their medications most of the time and medicine price
was not considered to be a burden by most patients (n=21). Medication adverse effects that were
reported by patients included fatigue (n=2), nausea and vomiting (n=1), constipation (n=1) and
insomnia (n=1).

Most patients (n=29) did not have experience with use of MC and 20 patients would consider
using MC to treat their condition or relieve symptoms of the disease. Patients would prefer to use MC
administered as oral capsules (n=19).

The majority of patients (n=18) were not concerned about MC-related adverse effects. Adverse
effects of most concern in relation to MC use were confusion (n =8), hallucinations (n=7), impaired
memory and concentration (n=7) and addiction (n=7). Other concerns related to the use of MC
included cost of MC (n=35) and social stigma (n=35). Lack of effectiveness and accessibility of MC
was not a concern of any patient.
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Table 2
Results from Case Reports (n=5)

Rare disease

Case description

Cannabis product used

Main outcomes

Chronic intestinal
pseudo-obstruction

Febrile
infection-related
epilepsy syndrome

Juvenile and/or
paediatric Huntington
disease (HD)

Neurofibromatosis

type 1 (NF1)

Williams-Beuren
syndrome

Female, 19 years old with
enteral feeding intolerance,
presenting with abdominal
pain

Children (n=7) progressing

to refractory status epilepticus

Retrospective cohort (n=32)
patients with HD with
movement disorders and
polyneuropathy.

Male, 30 years old with
chronic sensory and motor
symptoms

Female, 13 years old with
pharmacoresistant epilepsy,
presenting with seizures of
varying semiology, most of
which are accompanied by
cyanosis, bradycardia and
desaturation

Dronabinol (THC)

Epidiolex (CBD)

Sativex oromucosal
spray (THC:CBD 1:1)

Sativex oromucosal
spray (THC:CBD 1:1)

Epidiolex (CBD)

Cessation of subocclusive
episodes and gastrointestinal
complaints. Improvement in
QoL, appetite and food
tolerance. [25]

Improvement in frequency
and duration in focal seizures
with impaired consciousness.
Complete resolution of
seizures in one patient.
Improvements in motor,
verbal and cognitive abilities.
[40]

Marked improvement of
motor symptoms in severe
cases of generalised dystonia
[41]

Improvement in QoL,
walking independence and
reduction in neuropathic pain
and dysesthesia [44]
Significant reduction in
seizure frequency and
intensity. Improvement in
cerebral activity, posture and
gross motor abilities,
enriched vocalisation and
improved social skills [52]

4. Conclusions

The study shed light on RDs for which MC can be used and on issues related to RDs and percep-
tions on the use of MC of RD patients and HCPs. MC can be considered as a possible therapeutic
option for RDs where patients experience pain, seizures and anxiety. Studies included in the litera-
ture review reported positive outcomes when MC was used in the management of RDs. Case reports
reported efficacy of commercially available MC products in reducing the severity of symptoms such
as neuropathic pain, dystonia and seizures. Some case reports reported an improvement in the QoL
of patients including improved mobility, mood and quality of sleep. Improvement in patients’ QoL
can have a positive impact on their personal, social and health outcomes [53]. Although results from
case reports cannot be extrapolated to the general population, they help provide an understanding of
patients’ disease anamnesis and of outcomes related to MC use in specific RDs [54]. Results from
surveys included in the study reported improvement in symptoms of RDs when using MC. Although
surveys can help gather information from a larger number of respondents, results might not be so
representative considering the rarity of the diseases and possible subjectivity when answering some
of the questions. Information on dosing regimen of MC and level of compliance to treatment was not
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Rare disease

Study design and population Cannabis product used

Main outcomes

Dravet syndrome,
Lennox-Gastaut
syndrome

Tuberous Sclerosis

Open-label prospective trial
Paediatric and adult patients
(N=93)

12 months of treatment

Epidiolex (CBD)

Double-blind,
placebo-controlled

Epidiolex (CBD)

randomized clinical trial.
Paediatric and adult patients
(N=224)

40.2% had at least a 50%
reduction in seizure
frequency in the first 3
months

Most common adverse effects
were somnolence (22.6%)
and diarrhea (11.9%) [35]
Reduction in types of seizures
was equal groups receiving
different doses of CBD and
lower in placebo

Most common adverse effects

16 weeks of treatment were diarrhea (56%) and

somnolence (26%) [50]

Table 4
HCPs demographic information (N=101)

Age (years) 20-57<

Gender Female (n=59) Male (n=42)

Years of Practice 0-2 (n=13)
3-5(n=20)
6-10 (n=22)
11-15 (n=14)

>15 (n=32)

Profession Pharmacists (n=40)
General practitioners (n=17)
Occupational therapists (n=13)
Medical specialists (n=11)
Speech therapists (n=4)
Physiotherapists (n=4)
Nurse (n=4)

Other (n=38)

Area of practice Hospital (n=25)
Private clinic (n=22)
Community pharmacy (n =29)
Regulatory sciences (n=8)
Nursing home (n=15)
Public health centre (n=15)
Academia (n=1)

Other (n=06)
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Table 5
Indications for which HCPs would prescribe MC (N=9)
Indications No. of HCPs
Pain 52
Muscle spasticity 38
Anxiety 38
Sleep disorders 32
Seizures 21
Nausea and/or vomiting 19
Appetite stimulation 15
Skin disorders
Respiratory disorders 3
Table 6

RD patients demographic information (N =38)

Age (years) >18 years (n=9)

19-40 years (n=10)
41-50 years (n=11)
51<(n=38)

Gender Female (n=21), Male (n=17)

included in these studies. Results from the clinical trials reported a reduction in seizure frequency with
the use of MC. Limitations of conducting clinical trials on RD patients include the small number of
patients available for enrolment making interpretation of results questionable. The literature review
was limited by the inclusion criteria. Including a larger number of journal articles by using different
search terms, databases or a different publication time period might yield different results.

Results of the questionnaires for HCPs and RD patients indicated that pain, muscle spasticity, sleep
disorders and anxiety were symptoms experienced commonly by RD patients. Although symptoms
of RD patients differ according to disease, pain, fatigue and muscle spasticity are commonly reported
by different RD patients [55]. Both groups of respondents had positive views about the possible use
of MC for treatment of these symptoms. HCPs and RD patients were concerned about the same type
of possible side effects that can occur with MC use, namely confusion, hallucinations and impaired
memory or concentration. Such effects which can impact brain development and mental function have
been reported with use of cannabis [56].

HCPs stated that difficulty of establishing correct diagnoses and lack of available treatment options
were issues related to RDs. The European Commission stated that: ‘on average it takes five years for
a patient to get a diagnosis’ and in many cases the diagnosis remains unestablished [57]. The number
of drugs granted an orphan drug designation (ODD) by the FDA and European Medicines Agency
declined over the last years, with a slight increase in 2020 [58]. Medicines granted ODD may still not
be accessible to patients due financial constraints. On average between 30-60% of orphan medicines
are reimbursed in EU countries [59, 60]. HCPs who had no experience on using MC in their practice
would consider using it. Martins-Welch et al reported that HCPs strongly supported the use of MC
for patients with chronic conditions [61]. There has been an increasing interest of HCPs about the
therapeutic properties of MC in the last decades [62].
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Although patients included in the study suffered from different RDs, they experienced similar symp-
toms namely pain and anxiety. Patients with chronic pain including muscle tension can commonly
experience anxiety disorders [63]. Chronic stress and anxiety can lead to the development of many
other stress-related symptoms such as the ones experienced by this group of patients namely difficulty
in concentration and memory, gastrointestinal symptoms, weakness and insomnia which all have neg-
ative impacts on the QoL. Patients reported to be facing issues related to their RD treatment namely
side-effects associated with the use of prescribed medicines such as fatigue, insomnia, nausea, vomiting
and constipation.

Although the majority did not have any experience with the use of MC, RD patients were willing
to use MC to relieve symptoms of their disease. Symptoms for which patients would use MC were
similar to those reported by other studies: pain, anxiety, insomnia and muscle spasms [64, 65].

Patient concerns related to MC use included possible adverse effects, cost and social stigma although
the majority of patients did not have these concerns. A study by Zeng et al reported that patients valued
the effectiveness of MC for symptom management even when experiencing adverse effects such as
impaired memory and concentration [66]. Cost of MC for use in RD would probably be less than costs
of orphan medications which are usually higher in price than conventional medication [2]. Negative
stigma associated with MC use might be related to a lack of knowledge about it. The role of HCPs
in educating patients and the public about MC use is important to reduce sigma associated with MC
[67]. Future studies could involve a greater number of respondents when it comes to the HCPs’ and
RD patients’ questionnaire. Involving HCPs and RD patients who have experience on the use of MC
could provide better insight and help establish a clinical rationale for MC use in RD patients. Cannabis-
based medicines with different cannabinoid profiles should be clinically investigated, establishing safe
and efficacious MC use for different indications in RDs. Regular use of cannabis has been associated
with long-term side effects such as mood disorders, cognitive alterations, psychosis and alterations in
brain function and structure [68—70]. Evaluation of negative effects associated with long-term use of
cannabis in RD patients should be considered. It is also recommended to conduct pharmacoeconomic
evaluations of MC use in RDs, including possible reimbursement opportunities through government
medical assistance programmes.

RD patients face multiple challenges to their therapy, ranging from diagnoses to accessibility of
treatment. Most RD patients’ symptoms are chronic and, in some cases, persist regardless of the
therapy used. RD patients are lacking solutions for effective relief of symptoms of their disease. The
study helps identify the potential of MC use in RD patients. MC can be used in RDs which are associated
with chronic symptoms such as pain, muscle spasticity, seizures and anxiety. In lack of efficacious
treatment options for RD patients, MC should be considered as an alternative therapy for symptom
relief. Education and awareness programmes and support of the development of new effective MC
treatments by establishing regulations and policies should be provided to help overcome challenges
related to treatment in RDs.
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