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Abstract 

Cannabis can be administered via inhalation, oral, buccal, sublingual, rectal, topical, 

ophthalmic and systemic route. Taking preferences of patients into consideration is 

essential in improving the quality of life of patients. The aims of this study were (i) to 

evaluate delivery systems used for medicinal cannabis and patient preferences for 

delivery approaches (ii) to review studies focusing on medicinal cannabis dosage forms. 

Two self-administered questionnaires were developed, one for users and another one for 

potential users of medicinal cannabis, to evaluate the onset and duration of effect and side 

effects experienced with medicinal cannabis. Reasons why potential users would consider 

starting using medicinal cannabis were also assessed. Both questionnaires evaluated the 

preferred methods of medicinal cannabis administration. The questionnaires were 

developed in English and Maltese and were validated using the Delphi method. 

Questionnaires were disseminated at two different clinics and online, following ethics 

approval. Two systematic reviews were conducted to identify studies published between 

2010 and 2020, about medicinal cannabis dosage forms and opinions of medicinal 

cannabis users about cannabis dosage forms. HyDi, a tool offered by the University of 

Malta which provides access to different databases, was used for the search. Eighty-seven 

users (mean 39 years; SD ±1.08 years) and 100 potential users (mean 41 years; SD ±1.20 

years) of medicinal cannabis completed the questionnaires. The desired effect is 

perceived within few seconds when taking Pedanios 22/1 (41%, n=11), Pedanios 20/1 

(29%, n=8), Bedrocan 22 (35%, n=13) and CBD oil (21%, n=7) and within 1 to 15 

minutes for Pedanios 22/1 (44%, n=12), Pedanios 20/1 (54%, n=15), Bedrocan 22 (49%, 

n=18), Bediol 6/8 (86%, n=6) and CBD oil (41%, n=13). The effect of medicinal cannabis 

perceived to remain for 1 to 2 hours (41%, n=32) and 2 to 3 hours (26%, n=20). 
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The main side effects of medicinal cannabinoids were feeling hungry (56%, n=44), 

energised (51%, n=40) and sleepy (44%, n=34). Potential users would consider using 

medicinal cannabis because they heard of others benefitting from the treatment (58%, 

n=50), they read a lot about it (49%, n=42) and mainstream medication is not enough to 

treat their condition (28%, n=24). Main reasons for not wanting to start using medicinal 

cannabis were the fear about health consequences (38%, n=13) and social implications 

(29%, n=10) and complexity of the process to obtain medicinal cannabis (27%, n=9). 

Medicinal cannabis users rated cookies or other food items (n=66), tea (n=65) and 

drinking oil (n=72) and potential users rated water (n=79), vegetarian capsule (n=79) and 

tea (n=83) as the most preferred method of administering cannabis orally. Users prefer 

cannabis in the form of cigarettes (n=71) and tincture (n=67) while potential users prefer 

as patch (n=78), tincture (n=83) and ointment (n=74). The systematic reviews identified 

89 articles about medicinal cannabis dosage forms related to pharmacodynamics (n=41), 

pharmacokinetics (n=32) and types of dosage form used (n=12) and 10 articles assessed 

opinions of medicinal cannabis users about cannabis dosage forms. Sixty-two studies 

focused on one administration form, mainly smoked form (n=32), followed by the oral 

form (n=15) of cannabis. Twenty-five studies compared two forms such as smoked versus 

oral (n=9) and oral versus oro-mucosal (n=5). Twelve studies involved multiple dosage 

forms including smoked, vaped, edible, oral, oro-mucosal and topical forms. This study 

contributes to the knowledge about perception of patient-centred cannabis delivery 

systems. The availability of different dosage forms preferred by patients, other than 

cannabis flowers, ensures a patient-centred medicinal cannabis delivery system. 

Keywords: 

Medicinal cannabis, patient-preferred delivery systems, mode of administration, patient-

centred approach 
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1.1 Background 

Cannabis products and their modes of administration have increased in the past 5 years.1 

Since 2015, there was an increase in the number of countries which approved cannabis, 

which may be attributed to an increase in awareness related to the potential of using 

medicinal cannabis. There is limited information about the cannabis delivery systems, 

only a few studies explored different cannabis delivery systems which mainly focused on 

specific populations such as people with chronic diseases like cancer or AIDS (Murphy 

et al, 2015). Taking preferences of patients into consideration is essential in improving 

the quality of life of patients (Lowe et al, 2016; Capano et al, 2019). The perception of 

patients can provide comparable information and gives the possibility to see ideas that 

are different from the information obtained through the literature, which is important in 

the dissemination of accurate information (Murphy et al, 2015).  

1.2 Historical Use of Cannabis 

The use of cannabis for medicinal purposes dates back to thousands of years (Table 1.1). 

The first use of cannabis is indicated to have taken place in China (Hanuš, 2009) and 

Romania in 2700 BC (Bridgeman & Abazia, 2017; Landa et al, 2018) and was 

documented in Assyrians dictionary of botany around 3000-2000 BC (Zias et al, 1993). 

The medicinal use of cannabis was recorded in Chinese pharmacopoeia, Shen-nung pen 

ts’ao ching in 400 AD (Hanuš, 2009; Bridgeman & Abazia, 2017). In the 1800s, before 

aspirin was introduced, cannabis was used as a common analgesic drug in Western 

                                                 

 

1 Prohibition Partners. The European Cannabis Report: 3rd edition [Internet]. London: Prohibition partners; 2018 [cited 

2019 Dec 6]. Available from URL: https://mgcpharma.com.au/wp-

content/uploads/2018/07/The3rdEditionoftheEuropeanCannabisReport.pdf 
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medicine (Devinsky et al, 2014; Landa et al, 2018). The 19th and 20th centuries were the 

golden period of cannabis, where many studies were conducted in Europe and the USA 

(Bifulco & Pisanti, 2017). However, cannabis was then removed from the UK 

Pharmacopoeia (1932) and the US Pharmacopoeia (1941) due to the complexity in 

composition and unpredictable shelf-life (Kalant, 2001). After the discovery of the 

chemical structure of the psychoactive component tetrahydrocannabinol (THC) and the 

endocannabinoid signalling system, cannabis was brought into scientific attention again 

and more studies were conducted (Bifulco & Pisanti, 2017). 

Table 1. 1 Historical Use of Cannabis 

Period Historical Use References 

2700 BC China and Romania Zias et al, Nature 1993; 

Hanuš, Medical research 

reviews 2009; Pain, Nature 

2015; Bridgeman & 

Abazia, Pharmacy and 

therapeutics 2017; Landa et 

al, Biomedical papers 2018 

3000-2000 BC Assyrians (Dictionary of Assyrian 

Botany) 

Zias et al, Nature 1993; 

Hanuš, Medical research 

reviews 2009 

2000-1400 BC India (Atharva Veda) Hanuš, Medical research 

reviews 2009 

1534 BC Egyptians (The Ebers Papyrus) Zias et al, Nature 1993; 

Hanuš, Medical research 

reviews 2009 

1200 BC Persia (Zend Avesta) Zias et al, Nature 1993; 

Hanuš, Medical research 

reviews 2009 

90 AD 

 

Greece (Materia Medica) Zias et al, Nature 1993; 

Hanuš, Medical research 

reviews 2009 

400 AD Chinese pharmacopoeia (Shen-

nung pen ts’ao ching) 

Bridgeman & Abazia, 

Pharmacy and therapeutics 

2017 
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Table 1.1 (cont.) Historical Use of Cannabis 

Period Historical Use References 

1800s Western medicine Devinsky et al, Epilepsia 

2014; Landa et al, 

Biomedical Papers 2018 

19th- 20th 

Century 

Golden period of Cannabis in 

Europe and the USA 

Kalant, Pain research and 

management 2001 

1932 Removed from the UK 

Pharmacopoeia 

Kalant, Pain research and 

management 2001 

1941 Removed from the US 

Pharmacopoeia 

Kalant, Pain research and 

management 2001; Bifulco 

& Pisanti, European 

molecular biology 

organization reports 2017 

1945 A pause of studies (USA) Bifulco & Pisanti, 

European molecular 

biology organization 

reports 2017 

1960 Classified as substance of abuse 

(USA) 

Bifulco & Pisanti, 

European molecular 

biology organization 

reports 2017 

1964 Identification of Δ9-THC chemical 

structure (Israel) 

Bifulco & Pisanti, 

European molecular 

biology organization 

reports 2017 

1990 Discovery of endocannabinoid 

system 

Pacher et al, 

Pharmacological reviews, 

2006; Bifulco & Pisanti, 

European molecular 

biology organization 

reports 2017 
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Legalisation related to medicinal cannabis use changed over the years. The year medicinal 

cannabis was approved as well as the approved cannabis-based products differ across 

countries, states and provinces. In this section, legislation history of medicinal cannabis 

in Europe (Table 1.2)1, the USA (Table 1.3) and Canada (Table1.4) are presented. 

Table 1. 2 Legislation History of Medicinal Cannabis in Europe1 

Country Year Introduced Approved Cannabis-

based Products 

Austria 2008 (Cultivation) Sativex 

Dronabinol 

Belgium 2015 Sativex 

Dronabinol 

Croatia 2015 Dronabinol 

Nabilone 

Cannabis Flowers 

Cannabis Teas 

Cannabis Ointments 

Cannabis Capsules 

Czech Republic 2013 Cannabis Flowers 

Denmark 2018 Sativex 

Marinol 

Estonia 2005 Marinol 

Finland 2017 Sativex 

Cannabis Flowers 

France 2013 Sativex 

Germany 2017 Sativex 

Cannabidiol 

Cannabis oil 

Nabilone 

Dronabinol 

Cannabis flower 

Greece 2017 Unknown 

 

 

 

 

 

 

 

1 Prohibition Partners. The European Cannabis Report: 3rd edition [Internet]. London: Prohibition partners; 2018 [cited 

2019 Dec 12]. Available from URL: https://mgcpharma.com.au/wp-
content/uploads/2018/07/The3rdEditionoftheEuropeanCannabisReport.pdf 

 

https://mgcpharma.com.au/wp-content/uploads/2018/07/The3rdEditionoftheEuropeanCannabisReport.pdf
https://mgcpharma.com.au/wp-content/uploads/2018/07/The3rdEditionoftheEuropeanCannabisReport.pdf
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Table 1.2 (cont.) Legislation History of Medicinal Cannabis in Europe 

Country Year Introduced Approved Cannabis-

based Products 

Ireland 2013 Sativex 

Nabilone 

Israel 1994 Cannabis Flowers 

Italy 2013 Dronabinol 

Sativex 

Cannabis Flowers 

Cannabis Tea 

Cannabis Oil 

Cannabis Capsules 

Luxembourg 2017 Sativex 

Cannabis Flowers 

Cannabis Oils 

Cannabis Sprays Cannabis 

Tinctures 

Macedonia 2016 CBD Oil 

THC Oil 

Malta 2018 Sativex 

Cannabis Flowers 

Norway 2016 Unknown 

Poland 2017 Sativex 

Cannabis Flowers 

Portugal Inconsistent 

2001 

Sativex 

Romania Legal Cannabis-derived products 

(tinctures and resins) 

Serbia 2014 Cannabis oil under 

exhaustive circumstances 

Slovenia Illegal, certain 

cannabinoids are permitted 

Sativex 

Marinol 

Spain 2017 Sativex 

Epidiolex 

Nabilone 

Dronabinol 

THC is prohibited 

Sweden 2017 Sativex 

Bediol 

Switzerland Legal Sativex 

The Netherlands 2003 Cannabis Flowers 

The United Kingdom Illegal except Nabilone 

and Sativex 

Nabilone 

Sativex 

Turkey 2016 Sativex 

CBD Oil 
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Table 1. 3 Legislation History of Medicinal Cannabis in the USA2 

State Year Introduced Approved Cannabis-

based Products 

Alaska 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

Florida 

Hawaii 

Illinois 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Missouri 

Montana 

Nevada 

New Hampshire 

New Jersey 

New Mexico 

New York 

North Dakota 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode Island 

Utah 

Vermont 

Washington 

Washington, DC 

West Virginia 

1998 

2010 

2016 

1996 

2000 

2012 

2011 

2016 

2000 

2013 

2016 

1999 

2014 

2012 

2008 

2014 

2018 

2004 

2000 

2013 

2010 

2007 

2014 

2016 

2016 

2018 

1998 

2016 

2006 

2018 

2004 

1998 

2010 

2017 

Cannabis plants2 

Epidiolex3 

Marinol3 

                                                 

 

2 Pros & Cons of Current Issues Reliable Nonpartisan Empowering (Procon.org). Legal medical marijuana states and 

dc, laws, fees, and possession limits [Internet]. USA: Procon; 2019 [cited 2020 Jan 20]. Available from URL: 

https://medicalmarijuana.procon.org/legal-medical-marijuana-states-and-dc/ 

3 U.S. Food & Drug Administration (FDA). FDA and cannabis: research and drug approval process. [Internet]. USA: 

FDA; 2020 [cited 2020 Jan 20]. Available from URL: https://www.fda.gov/news-events/public-health-focus/fda-and-

cannabis-research-and-drug-approval-process 
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Table 1. 4 Legislation History of Medicinal Cannabis in Canada4,5 

Province Year Introduced Approved Cannabis-

based Products 

Alberta 

British Columbia 

Manitoba 

New Brunswick 

Newfoundland and Labrador 

Northwest Territories 

Nova Scotia 

Nunavut 

Ontario 

Prince Edward Island 

Quebec 

Saskatchewan 

Yukon 

2001 Medicinal 

2018 Recreational 

Dried cannabis  

(30 grams or equivalent)6 

Cannabis oil 

Cannabis plants 

Cannabis seeds 

 

 

 

 

 

 

 

 

 

                                                 

 

4 Controlled Drugs and Substances Act. Act of 2001, Pub. L. No. SOR/2001-227, Marihuana Medical Access 

Regulations [cited 2020 Jan 20]. Available from URL: https://laws-lois.justice.gc.ca/eng/regulations/sor-2001-

227/page-1.html 

5 Health Canada. Data on cannabis for medical purposes. Canada: Health Canada; 2018 [cited 2020 Jan 20]. Available 

from URL: https://www.canada.ca/en/health-canada/services/drugs-medication/cannabis/research-data/medical-

purpose.html 

6 Health Canada. Department of Justice. Cannabis Legalization and Regulation. Canada: Health Canada; 2018 [cited 

2020 Jan 20]. Available from URL: https://www.justice.gc.ca/eng/cj-jp/cannabis/ 

https://laws-lois.justice.gc.ca/eng/regulations/sor-2001-227/page-1.html
https://laws-lois.justice.gc.ca/eng/regulations/sor-2001-227/page-1.html
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1.3 Endocannabinoid System 

The mechanism of action of cannabis is linked to the endocannabinoid (eCB) system, a 

complex signalling system which comprises of cannabinoid-1 (CB1) and cannabinoid-2 

(CB2) G-protein coupled receptors, endogenous cannabinoids (endocannabinoids) and 

synthesizing and degrading enzymes such as fatty acid amide hydrolase (FAAH) and 

monoacylglycerol lipase (MAGL) (Nesto & Mackie, 2008; Bouchard et al, 2016; 

Dabrowski & Skrajda, 2017; Meyer et al, 2018; Sun et al, 2019). Cannabinoid receptors 

bind to endogenous cannabinoids like anandamide (AEA) and 2-arachidonoyl glycerol 

(2-AG) to produce a physiological effect (Hanuš, 2009; Meyer et al, 2018). 

The eCB system operates both centrally and peripherally (Nesto & Mackie, 2008). CB1 

receptors are principally located in the central nervous system and are also found in 

various tissues such as hepatocytes, adipocytes, connective tissues and skeletal muscle 

tissues (Nesto & Mackie, 2008; Bridgeman & Abazia, 2017; Halawa et al, 2018). CB2 

receptors are primarily expressed in the immune system cells, but are also present in the 

central nervous system (Hanuš, 2009; Dabrowski & Skrajda, 2017). Expression of CB1 

receptor results in synaptic plasticity, cell migration and neuronal growth of 

cannabinoids, whereas CB2 receptor expression is linked to mechanisms such as 

preventing, abating and repairing of the inflicted damage (Dabrowski & Skrajda, 2017). 
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Figure 1. 1 Endocannabinoid System Signalling (This diagram was composed of the 

descriptions given in these two references: Russo EB, Hohmann AG. Role of 

cannabinoids in pain management.  Deer et al. editors. Comprehensive Treatment of 

Chronic Pain by Medical, Interventional, and Integrative Approaches. American 

Academy of Pain Medicine; 2013. p. 181-197 and Halawa OI, Furnish TJ, Wallace MS. 

Chapter 56 - role of cannabinoids in pain management. Essentials of Pain Medicine. 

2018;4:509-520.) 

 

ECB signalling in brain is greatly linked to CB1 receptor which is couple with Gi and Go 

(Figure 1.1). Cyclic adenosine monophosphate (cAMP) and cAMP-dependent protein 

kinase activity decreases as a result of G-coupling (Dabrowski & Skrajda, 2017; Meyer 

et al, 2018). This bring forth A-type potassium channels activation along with voltage-

gated calcium channels inhibition, which affect the release of neurotransmitters such as 

gamma aminobutyric acid (GABA), glutamate and dopamine (Kalant, 2001; van Hell et 

al, 2012; Di Marzo et al, 2015; Aung-Din, 2016; Halawa et al, 2018; Meyer et al, 2018). 

The mechanism follows with the enzymatic breakdown of AEA into arachidonic acid and 

ethanolamine by FAAH and of 2-AG into arachidonic acid and glycerol by MAGL. These 

enzymes contribute in the natural signalling process of eCB ligands. Inhibition of the 
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enzymatic activity of FAAH and MAGL may result in prolongation of the eCB ligands 

activity. ECB signalling can be modulated by targeting these enzymes (Russo & 

Hohmann, 2013; Meyer et al, 2018). 

The eCB system is involved in numerous physiological processes including mood, 

memory, sensation, pain (Moreira et al, 2009), temperature control, appetite stimulation, 

inflammation control, bone resorption (Bab & Melamed, 2009; Sun et al, 2019), 

modulation of nausea as well as immune responses and metabolic disorders (Aung-Din, 

2016; Sun et al, 2019). The eCB system maintains eating, learning, protecting from 

medical conditions, growth and development homeostasis (Devinsky et al, 2014; 

Bridgeman & Abazia, 2017) and may protect or exacerbate medical disorders (Bridgeman 

& Abazia, 2017). 

Disturbance in the eCB system may lead to pathologic conditions, deficiencies may lead 

to conditions such as multiple sclerosis (Di Filippo et al, 2008), depression (Parolaro et 

al, 2010), Parkinson’s and Huntington’s diseases (Di Marzo et al, 2015), fibromyalgia, 

irritable bowel syndrome (Russo, 2016), migraine (Sarchielli et al, 2007; Russo, 2016; 

Bridgeman & Abazia, 2017), schizophrenia (Fakhoury 2017), anorexia and motion 

sickness (Choukèr et al, 2010; Bridgeman & Abazia, 2017). Overactivation of the eCB 

system may impact on cardiometabolic risk factors and result in dyslipidaemia, 

thrombosis, atherosclerosis (Boyd, 2006; Tang, 2006; Mach & Steffens, 2008; Nesto et 

al, 2008; Van Eenige et al, 2019), hypertension (Polak et al, 2018) and diabetes mellitus 

morbidities (de Luis et al, 2010; Veilleux et al, 2019).  
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1.4 Components of Cannabis 

Cannabis is a complex dioecious type of plant (Bruni et al, 2018) which belongs to the 

Cannabaceae family (ElSholy & Slade, 2005; Mansouri & Asrar, 2012; Bridgeman & 

Abazia, 2017; Landa et al, 2018, Zhou et al, 2018) and consists of three major species; 

Cannabis Sativa, Cannabis Indica and Cannabis Ruderalis (Dabrowski & Skrajda, 2017; 

Morales et al, 2017). 

Cannabis Sativa L. (hemp) can be classified into two crude products i) marijuana from 

dried flowers and flowering heads and ii) hashish from upper leaves and flower buds 

(Kalant, 2001; Hanuš, 2009; Wang et al, 2017). Isolation of these products results in pure 

cannabinoids and hundreds of non-cannabinoid compounds. There are 483 constituents 

identified in Cannabis (Brenneisen, 2007), of these 142 are phytocannabinoids (Ujváry 

& Hanuš, 2016). 

There are various cannabinoid originating compounds which are grouped into subclasses 

(Table 1.5) (Kalant, 2001; Brenneisen, 2007; Mansouri & Asrar, 2012; Chandra et al, 

2013; Devinsky et al, 2014; Riemer & Holmes, 2014; Hanuš et al, 2016; Kill et al, 2016; 

Ujváry & Hanuš, 2016; Dabrowski & Skrajda, 2017; Lewis et al, 2017; Landa et al, 2018). 

The psychoactive Δ9-tetrahydrocannabinol (THC) and the non-psychoactive but active 

cannabidiol (CBD) phytocannabinoids will be the focus in this dissertation. CBD was 

isolated in 1940 and its structure was elucidated in 1963 (ElSholy & Slade, 2005; 

Brenneisen, 2007; Ujváry & Hanuš, 2016; Morales et al, 2017). THC was isolated in 

1942, the structure was identified in 1964 (Brenneisen, 2007). 

 

 



13 

 

Table 1. 5 Chemistry of Cannabis Plant (Adopted from: Brenneisen R. Chemistry and 

analysis of phytocannabinoids and other cannabis constituents. In: ElSohly MA, editors. 

Marijuana and the Cannabinoids. Forensic Science and Medicine. Totowa, NJ: Humana 

Press; 2007. p. 17-49 and Chandra S, Lata H, Khan IA, ElSohly MA. The role of 

biotechnology in cannabis sativa propagation for the production of phytocannabinoids. 

In: Chandra S, Lata H, Varma A, editors. Biotechnology for Medicinal Plants; 2013. p. 

123-148.) 

Cannabinoid origin compounds Non-cannabinoid origin compounds 

Δ8-THC type (n=2) 

Δ9-THC type (n=17) 

CBC (Cannabichromene) type (n=8) 

CBD (Cannabidiol) type (n=8) 

CBE (Cannabielsoin) type (n=5) 

CBF (Cannabifuran) type 

CBG (Cannabigerol) type (n=16) 

CBL (Cannabicyclol) type (n=3) 

CBN (Cannabinol) type (n=10) 

CBND (Cannabinodiol) type (n=3) 

CBT (Cannabitriol) type (n=9) 

Miscellaneous types (n=18) 

Terpenoids (n=140) 

Hydrocarbons (n=50) 

Nitrogen-containing compounds (n>70) 

Monosaccharides (n=13), Disaccharides 

(n=2), Polysaccharides (n=5) 

Sugar alcohols and Cyclitols (n=12), 

Amino sugars (n=2) 

Flavonoids (n=23), Fatty acids (n=33), 

Phenols (n=33) 

Alcohols (n=7), Aldehydes (n=12), 

Ketones (n=13) 

Acids (n=21) 

Phytosterols (n=11), Vitamin (n=1) 

Elements (n=18) 

 

There is a potential interaction between the non-cannabinoid originating constituents 

(ElSholy & Slade, 2005; Brenneisen, 2007; Lewis et al, 2017). Terpenoids and flavonoids 

have shown to enhance the beneficial effects of cannabis (Mathre, 2002). The THC/CBD 

ratios differ according to the strain; Cannabis Sativa contains higher THC ratios than 

Cannabis Indica, this characteristic makes Sativa more stimulatory whereas Indica is 

more sedative (Devinsky et al, 2014). 
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1.5 Modes of Cannabis Administration 

Cannabinoids can be administered (i) by inhalation including smoking cannabis 

cigarettes, electronic cigarettes, using vaporisers, nebulisers and aerosols (Grotenhermen, 

2003; Newmeyer et al, 2016; Lippmann & Singh, 2017), pipes, water pipes and other 

metal, glass or ceramic devices (Murphy et al, 2015)  (ii) orally including tinctures (Lim 

& Kirchhof, 2018), tablets, capsules, by adding in food or liquid (Barry et al, 2014; 

Pizarro-Osilla, 2016; Punyamurthula et al, 2017) and as an oil (McCoy et al, 2018) (iii) 

buccally example using lozenges (Karschner et al, 2011; Crowley et al, 2018; Mehrpour 

et al, 2018) (iv) sublingually such as by using oro-mucosal sprays (Wade, 2012; Stott et 

al, 2013; Landa et al, 2018) (v) rectally as suppositories (Huestis, 2005; Landa et al, 2018) 

(vi) topically including creams, lotions, ointments, soaps, shampoos, conditioners,7 

balms, oils, salves and transdermal patch (Grotenhermen, 2003; Lim & Kirchhof, 2018) 

(vii) by topical ophthalmic route for example using eye drops, solid lipid nanoparticles 

(Grotenhermen, 2003; Punyamurthula et al, 2017) and (viii) systemically via 

intramuscular (Tramèr et al, 2001) and intravenous injections (Huestis, 2007). 

1.6 Pharmacokinetics of Cannabinoids 

The pharmacokinetics of cannabinoids is complex and vary in the mode of delivery, 

individuals’ variability (metabolic factors, age) (ElSholy & Slade, 2005; Brenneisen, 

2007; Ginsburg, 2015; Lewis et al, 2017; Bruni et al, 2018) and by non-cannabinoid origin 

components included in the plant such as terpenoids (Russo, 2011; Hazekamp et al, 2013). 

                                                 

 

7 Botanic Alternatives CBD. Botanic alternatives cbd and cannabis accessories [Internet]. Chicago: IL;2014 [cited 2019 

Dec 14]. Available from URL: https://www.botanicalternatives.com/ 



15 

 

1.6.1 Absorption 

Cannabinoids are very lipophilic molecules and have very poor water solubility. The 

physico-chemical characteristics of cannabis is complex (Bruni et al, 2018; MacCallum 

& Russo, 2018). Absorption is erratic and can be affected by bioavailability, lipophilicity 

and organ tissue diversity (dermal, gastric and alveolar) (MacCallum & Russo, 2018). 

The route of administration is among the determinant factors for the rate of drug 

absorption (Huestis, 2007). 

i. Inhalation 

Smoking cannabis cigarette has been recognised as a common method of cannabis 

administration for years (Kalant, 2001; Frederick et al, 2007; Huestis, 2007; Peters et al, 

2016; Kostygina et al, 2017; Giovenco et al, 2018). Administration of cannabis by 

smoking provides rapid absorption of drug within seconds and a prompt delivery from 

the lungs into the blood stream and the brain (Kalant, 2001; Grotenhermen, 2004a; 

Huestis, 2005; Huestis, 2007; Murphy et al, 2015; Lucas et al, 2018). The onset of action 

is attained within seconds which is as rapid as the intravenous injection (Kalant, 2001; 

Grotenhermen, 2004a). The effect can be perceived within 20-30 minutes and the 

psychoactive effects last for one up to four hours (Grotenhermen, 2004a; Borodovsky et 

al, 2016). Concentration of THC is detectable after the first puff, and peak plasma 

concentration can be measured within 10 minutes of smoking (Grotenhermen, 2003; 

McGilveray, 2005; Lucas et al, 2018). Bioavailability of THC ranges between 2-56% 

following smoking (Grotenhermen, 2004a; Huestis, 2005; Lucas et al, 2018), while a 

bioavailability of 10-35% was observed for regular consumers (Grotenhermen, 2004a). 

Bioavailability of CBD was recorded to be between 6-31% (Zhornitsky & Potvin, 2012; 

Lucas et al, 2018). Smoking marijuana may impair lung function as a result of combustion 
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at 600-900 °C and release of toxic by-products including tar, cyanide, carbon monoxide, 

polycyclic aromatic hydrocarbons and ammonia (Chapkis & Webb, 2005; MacCallum & 

Russo, 2018). 

Vaporisers and electronic cigarettes (e-cigs) can be used to administer cannabinoids by 

inhalation (Hazekamp et al, 2006; Giroud et al, 2015; Newmeyer et al, 2016; Lippmann 

& Singh, 2017; Hemsing & Greaves, 2018; Poklis et al, 2019). Vaporisers are devices 

that heat the cannabinoids at 160-230 °C by using electricity and release the resin of 

cannabis as vapour (Malouff et al, 2014; Ginsburg, 2015; Lewis et al, 2017) and thereby 

producing less harmful by-products (polycyclic aromatic hydrocarbons) compared to 

smoking (Tashkin, 2015; MacCallum & Russo, 2018; Russell et al, 2018; Spindle et al, 

2018). Vaping of cannabinoids (cannavaping) provides similar effects, onset, peak 

plasma concentration and duration with possibly higher bioavailability to smoking 

(Grotenhermen, 2004a; Borgelt et al, 2013; Borodovsky et al, 2016; Hindocha et al, 2016; 

Lanz et al, 2016; Peace et al, 2016; Shiplo et al, 2016; Varlet et al, 2016; Lippmann & 

Singh, 2017). 

Vaping cannabis was considered to be a less harmful alternative method to smoking, 

however, recent studies found that it is not completely harmless and that vaping can be a 

potential detriment to health (Budney et al, 2015; Tanne, 2019; Blount et al, 2020; 

Christiani, 2020). In the study of Spindle et al (2018), it was found that consuming 

cannabis acutely via vaporization produced significantly higher drug effects, cognitive 

and psychomotor impairment, and higher THC concentrations in blood than the same 

doses of cannabis administered via traditional smoking. By November 2019, over 2711                

e-cigarette or vaping associated lung injury (EVALI) cases with 60 deaths were reported 

by Centers for Disease Control and Prevention (CDC) in the USA and the District of 
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Columbia (Kalininskiy et al, 2019; Tanne, 2019). Ninety-four percent of patients had 

detectable THC in bronchoalveolar-lavage fluid or vaped THC products and the 83% 

were THC or CBD vapers (Blount et al, 2020; Christiani, 2020). The symptoms of EVALI 

include cough, dyspnoea, chest pain, gastrointestinal symptoms (nausea, vomiting, 

diarrhoea), fever and chills, weight loss, fatigue and pain in the abdominal area 

(Kalininskiy et al, 2019; Tanne, 2019). The key factor of the EVALI could be vitamin E 

acetate, which is found in oil formulations of cannabinoids. Vitamin E is not an approved 

additive for vaping marijuana products and it is harmless when administered onto skin or 

taken as a vitamin. A possible mechanism assumes that the heated vitamin E acetate oil 

inhaled as an aerosol may accumulate into the lower airways and triggers the vaping 

linked illness called lipoid pneumonia (Kalininskiy et al, 2019; Tanne, 2019; Blount et 

al, 2020; Christiani, 2020). E-cigarette fluids containing THC, CBD or nicotine products 

when inhaled, have been shown to contain potentially toxic molecules (chemicals, heavy 

metals, volatile organic compounds) that can lead to the serious respiratory disease 

‘popcorn lung’ and chronic conditions, including cancer (Hashibe et al, 2005; Tanne, 

2019; Blount et al, 2020; Christiani, 2020). 

The use of cannabis inhaler could be another alternative to smoking as a smoke-free 

delivery system. Whole-plant cannabis can be inhaled using a thermal-metered dose 

inhaler. A consistent and therapeutically effective dosage of cannabinoids can be 

delivered by this route (Eisenberg et al, 2014). 

Nebulisers can be counted as substitutes to smoking marijuana. Nebulising is a process 

where an aqueous liquid is aerosolized by oxygen and inhaled into the lung. They provide 

rapid onset and easy titratability of the effect (Grinspoon, 2000). Nebulising is the only 
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inhalation delivery system that does not require heating of the cannabis product, this 

characteristic makes this system a safe and efficient way of administering cannabinoids.8  

Absorption of cannabinoids ranges from 10 to 60% when cannabis is inhaled or smoked. 

Absorption can be influenced by many factors, including the origin of the plant material, 

contents of the cigarette, inhalation device, depth of inhalation, frequency and duration 

of puffs, smoking technique and breath-holding duration (Kalant, 2001; Grotenhermen, 

2004a; McGilveray, 2005; Huestis, 2007; Lucas et al, 2018; MacCallum & Russo, 2018). 

ii. Oral Administration 

Absorption is irregular and as low as 2-14% when cannabinoids are administered orally 

(Grotenhermen, 2003; Heuberger et al, 2015; Lucas et al, 2018; Pelessi et al, 2018). The 

onset of action is delayed, and is attained within 30-90 minutes, with the maximum effect 

being achieved within 2 to 3 hours. The effects of cannabinoids lasts for more than 6 

hours, which is longer than the inhalation route (Grotenhermen, 2004a; Borodovsky et al, 

2016; Bridgeman & Abazia, 2017). Peak plasma concentrations can be generally 

observed within 1 to 2 hours post administration, however there is the possibility to have 

more than one peak and late peak plasma concentration after 4 to 6 hours, depending on 

individual variability (Grotenhermen, 2003; Grotenhermen, 2004a; McGilveray, 2005; 

Bridgeman & Abazia, 2017; Lucas et al, 2018), the dose of medicine, vehicle used in the 

formulation and different pharmacokinetic factors (Huestis, 2005).  

                                                 

 

8 Cannaneb. Use of cannabis nebulizers vs. smoking and vaporizing.  [Internet]. Cannaneb; 2016 [cited 2019 Dec 15]. 

Available from URL: http://www.cannaneb.com/blog/use-of-cannabis-nebulizers-vs-smoking-and-vaporizing 
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Dronabinol, the formulation of Δ9-THC is pharmaceutically available as a capsule and an 

oral solution. The plasma concentration of the capsule formulation of Dronabinol was 

found to be more variable to the oral solution formulation (Lile et al, 2013; Parikh et al, 

2016; Badowski, 2017).  

Bioavailability following oral ingestion of THC is low, ranging between 5-10% 

(Grotenhermen, 2004a; Huestis, 2005; McGilveray, 2005; Karschner et al, 2011; Abrams, 

2016). Oral bioavailability is greatly reduced by the liver through first-pass metabolism 

before reaching the site of action. THC is broken down into the active 11-hydroxy-delta-

9-tetrahydrocannabinol (11-OH-THC) metabolite by the acid in the stomach and it is then 

metabolised into the inactive 11-nor-9-carboxy-tetrahydrocannabinol (THC-COOH) 

metabolite in the liver (McGilveray, 2005; Zhornitsky & Potvin, 2012; Ujváry & Hanuš, 

2016; Newmeyer et al, 2017b; Lucas et al, 2018; Pellesi et al, 2018). The bioavailability 

of a 20 mg THC cookie was found to be as low as 6% (Grotenhermen, 2004a). CBD is 

also affected by first-pass metabolism, whereby it breaks down into its metabolites 7-

hydroxy-CBD (7-OH-CBD) and CBD-7-oic acid (7-COOH-CBD). Bioavailability of 

CBD is variable, ranging between 6-31% (Zhornitsky & Potvin, 2012; Ujváry & Hanuš, 

2016; Lucas et al, 2018; Pellesi et al, 2018).  

The pharmacokinetic factors of cannabinoids after oral ingestion may be influenced by 

(i) the dosage form and excipients used in the formulation, (ii) food intake, (iii) 

physiological factors such as motility, (iv) pathophysiological factors such as liver 

function and (v) use of co-medications like antiemetics including metoclopramide and 

itopride (Benjamin & Fossler, 2016; Landa et al, 2018). 
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iii. Buccal Administration 

Lozenges can be used for the buccal administration of cannabinoids by placing the dosage 

form between the gums and cheek (Karschner et al, 2011; Hua, 2019). Buccal 

administration can be considered as an alternative method to the oral route, providing 

similar pharmacokinetics. A large portion of cannabinoids is absorbed by the buccal 

mucosa, while the remaining portion is absorbed by the intestine (Grotenhermen, 2004a; 

Guy & Robson, 2004).  

Lozenges may take up to 25 minutes to completely disperse in the mouth. When cannabis 

products are administered via the buccal route, the onset of the effect occurs within 5-40 

minutes (Karschner et al, 2011; Crowley et al, 2018). The bioavailability of buccal and 

oral administration is similar (Devinsky et al, 2014). Peak plasma concentration following 

buccal administration can be observed within 45-120 minutes, the peak concentration of 

CBD is slower than THC (Guy & Robson, 2004). Absorption through the oral mucosa 

can be affected by intra-subject variability factors such as food, amount of dose 

swallowed and exercise (Guy & Robson, 2004). 

iv. Sublingual Administration 

Sublingual administration provides another route for the administration of cannabis 

extract by placing or spraying the drug under the tongue. Oro-mucosal sprays are 

formulated mainly as a mixture of THC and CBD components in alcohol (Scully, 2007; 

Wade, 2012). Sublingual delivery provides rapid absorption through the mucosa as a 

result of direct entry of the drug into the vascular system and reduced first pass 

metabolism (Grotenhermen, 2004a; Karschner et al, 2011; Stott et al, 2013; Landa et al, 

2018; Lucas et al, 2018). Crushed sublingual tablets resulted in slower absorption 

compared to the oral route (Klumpers et al, 2012; Landa et al, 2018). A rapid onset of 
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action is achieved by the sublingual route, with higher plasma concentrations compared 

to the oral route. Peak plasma concentration appears within 15 minutes to 1 hour. THC 

preparations in ethanol and propylene glycol showed psychic effects within 45 minutes 

and the maximum effect was observed after 180 minutes (Grotenhermen, 2004a; 

Karschner et al, 2011; Stott et al, 2013; Landa et al, 2018; Lucas et al, 2018). 

Bioavailability of sublingual route is similar to the oral route but with less variability 

(Devinsky et al, 2014). 

v. Rectal Administration 

Few studies have covered cannabinoids in suppository form. Formulation of esters of 

cannabinoids can be applied rectally using suppositories (Kalant, 2001; McGilveray, 

2005). Absorption is fast by rectal administration, whereby the drug is transferred into 

the systemic circulation instantly, bypassing the first pass metabolism (Kalant, 2001). 

Peak plasma concentration was observed within 2 to 8 hours (Huestis, 2005; Landa et al, 

2018). The bioavailability of rectally administered cannabinoids is 13.5% which is twice 

as high compared to the oral form, and varies depending on how it is formulated 

(Brenneisen et al, 1996; Grotenhermen, 2003; Grotenhermen, 2004a; Landa et al, 2018). 

vi. Topical Administration 

Cannabinoids are highly lipophilic; this characteristic leads to diffusion-related 

difficulties and accumulation on the skin layer following slow permeation across the 

membranes. First-pass metabolism is bypassed by transdermal application, yet absorption 

is very delayed (Grotenhermen, 2004a; Hess et al, 2017). A steady state concentration 

occurs within 17 hours for THC and in 24 hours for CBD transdermal patch and remains 

effective for 14 hours for THC and up to 72 hours for CBD (Grotenhermen, 2004a). 
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Absorption via the transdermal route can be affected by blood flow of the area of 

application and skin permeability (Lucas et al, 2018). 

vii. Ophthalmic Administration 

Ophthalmic administration of cannabinoids was used to decrease intraocular pressure. 

This route leads to a bioavailability of 6-40% and does not present psychotropic effects 

due to the lack of systemic absorption (Grotenhermen, 2004a). Peak plasma concentration 

is observed within 1 hour and pursues for several hours (Kalant, 2001; Grotenhermen, 

2003; Grotenhermen, 2004a). 

viii. Systemic Administration 

Another way to administer cannabinoids includes via the intramuscular or intravenous 

route by injection or infusion (Kalant, 2001; Tramèr et al, 2001). Systemic delivery of 

cannabis provides an onset of action within seconds and a short duration of action as a 

result of rapid decline (Grotenhermen, 2004a; Bridgeman, 2017). Plasma concentration 

of THC administered systemically is similar to smoking and can be measured within 10 

minutes. Water solubility of THC is very poor (2.8mg/L), special water-miscible 

formulations are necessary to enhance systemic absorption of THC (Kalant, 2001; 

Grotenhermen, 2004a; Bridgeman, 2017). 

1.6.2 Distribution 

Distribution of cannabinoids is affected by their physicochemical characteristics 

(Grotenhermen, 2003). The distribution of THC is initiated rapidly following the 

absorption phase, due to its high lipophilic character which leads to a high volume of 

distribution (5.7-10L/kg) (McGilveray, 2005, Landa et al 2018). About 95-99% of THC 

is plasma protein bound (Grotenhermen, 2003). THC binds to fatty tissues and quickly 
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penetrates into high vascularised tissues including heart, fat tissue, lung, liver and brain 

then into less vascularised tissues (Grotenhermen, 2003; Lucas et al, 2018). THC can 

cross the blood-brain barrier and placenta and is excreted into breast milk. The 

concentration of THC in foetus blood is lower than in maternal plasma and tissues, it is 

assumed to be one-tenth following oral administration (Grotenhermen, 2003; Huestis, 

2005; McGilveray, 2005; Northrup et al, 2017; Baker et al, 2018; Grant et al, 2018). Only 

about 1% of THC can be found in the brain, this low concentration could be due to the 

high perfusion rate of the brain causing rapid movement of THC into and out of the brain 

(Grotenhermen, 2003; Grotenhermen, 2004a; McGilveray, 2005). Distribution of CBD is 

also affected by its lipophilicity and has a high volume of distribution (32 L/kg). CBD 

rapidly penetrates the brain, adipose tissue and other organs (Devinsky et al, 2014). 

Chronic regular administration of cannabinoids precipitates accumulation in tissues over 

time and may increase the volume of distribution (Kalant, 2001; Devinsky et al, 2014; 

Landa et al, 2018). Distribution of cannabinoids can be influenced by body size and 

composition and by any factor which may disturb the permeability of blood-tissue barriers 

such as the disease state (Landa et al, 2018; Lucas et al, 2018). 

1.6.3 Metabolism 

Cannabinoids are mainly metabolised by the liver and a lesser portion by extra-hepatic 

metabolism in tissues including brain, intestine and lung (Huestis, 2005). Different 

metabolites prevail, based on the administration route used to deliver cannabinoids 

(McGilveray, 2005). Hepatic metabolism of THC mainly occurs via cytochrome P450 

(CYP 450) isoenzymes CYP2C9, CYP2C19 and CYP3A4. Metabolism of THC is 

complex, involving oxidation, epoxidation and decarboxylation followed by conjugation. 

Nearly 100 THC metabolites were found in humans. Hydroxylation of THC leads to the 
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formation of the 11-hydroxy-THC (11-OH-THC) metabolite and oxidation results in 11-

carboxy-THC (THC-COOH), the two major metabolites of THC (Figure 1.2). This is 

followed by glucuronidation to 11-nor-9-carboxy-THC glucuronide and excretion. Extra-

hepatic metabolism of THC takes place in tissues which expresses CYP 450 

(Grotenhermen, 2003; Cho et al, 2005; Lucas et al, 2018). CBD is also metabolised 

hepatically by oxidation and hydroxylation processes via CYP 450 isoenzymes CYP2C19 

and CYP3A4, then undergoes further metabolization and excretion (Huestis, 2005; 

Devinsky, 2014; Lucas et al, 2018; Gonçalves et al, 2019). 

 

Figure 1. 2 Metabolites of THC (Adopted from: Gonçalves J, Rosado T, Soares S, 

Simão AY, Caramelo D, Luís Â, et al. Cannabis and its secondary metabolites: their use 

as therapeutic drugs, toxicological aspects, and analytical determination. Medicines 

(Basel). 2019;6(1):31.) 

 

1.6.4 Elimination 

The metabolites of THC are excreted in the faeces (65%) and urine (20%) when 

administered orally (McGilveray, 2005). Elimination of 80% to 90% of THC occurs 

within 5 days. Acidic metabolites which are found in urine as glucuronic acid conjugates 

improve water solubility. The acid-linked THC-COOH glucuronide conjugate is excreted 

in urine, while 11-OH-THC metabolite is excreted in the faeces (Huestis, 2005). 
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Elimination of metabolites after smoked or injected THC takes place within 72 hours 

from administration, where 13-17% of the administered dose is excreted in urine and 25-

30% in the faeces (Kalant, 2001). Biliary excretion is considered as the major route of 

elimination for orally administered THC and its metabolites (McGilveray, 2005). Ten to 

fifteen percent of the oral dose is excreted in the urine within 72 hours of administration, 

while 48-53% is excreted via faeces and less than 5% is excreted unchanged in the faeces 

(Kalant, 2001; McGilveray, 2005). 

The elimination half-life of THC ranges between 25 to 36 hours and that of its 

metabolites, 11-OH-THC and THC-COOH, ranges between 12 to 36 hours and 25 to 55 

hours respectively  after oral or intravenous administration (Kalant, 2001; Grotenhermen, 

2003). The elimination half-life of CBD is different following intravenous injection (18 

to 32 hours), inhalation or smoking (27 to 35 hours) and after repeated daily oral 

administration (2 to 5 days) (Zhornitsky & Potvin, 2012; Devinsky, 2014; Lucas et al 

2018). The slow elimination of THC may be attributed to a delayed THC redistribution 

from body fat and other tissues into the blood (Grotenhermen, 2003). Low levels of 

cannabis metabolites can be traced in urine and faeces, for more than five weeks following 

the administration of a single dose of oral THC (McGilveray, 2015). The elimination half-

life of cannabis in heavy users is longer (Lucas et al, 2018). 

1.7 Pharmacokinetics, Advantages and Disadvantages of Cannabinoid Delivery Systems 

A summary of the pharmacokinetics (PK) and the advantages and disadvantages of each 

delivery mode of cannabis are presented in Table 1.6. The summary of PK profile 

includes absorption, bioavailability (BA), onset of the effect, peak effect and duration of 

the desired effect.
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Table 1. 6 Pharmacokinetics, advantages and disadvantages of cannabinoid delivery systems 

Delivery mode Pharmacokinetics Advantages Disadvantages References 

Smoking Absorption: 10-60% 

THC BA: 2-56% 

CBD BA: 6-31% 

Onset of effect: within 

seconds 

Peak effect: 10 minutes 

Duration of effect: 1-4 

hours 

Dose self-titrating possibility 

Easy to administer 

Rapid onset of effect, as rapid 

as intravenous route  

Efficient delivery 

Higher bioavailability than oral 

forms 

Similar pharmacokinetic profile 

as intravascular route 

Irritation of lungs and mucosa 

Risk to the respiratory health 

Release of toxic by-products 

Short duration of effect 

Absorption can be affected by 

inhalation technique 

Inter-patient variability 

The accurate dosage may vary 

depending on the strain and 

source of the cannabis plant 

Smell 

Kalant, 2001; 

Grotenhermen, 2003; 

Grotenhermen, 2004b; 

Chapkis & Webb, 2005; 

Huestis, 2005; 

McGilveray, 2005; 

Frederick et al, 2007; 

Huestis, 2007; Zhornitsky 

& Potvin, 2012; Murphy et 

al, 2015; Borodovsky et al, 

2016; Peters et al, 2016; 

Shiplo et al, 2016; 

Ciccone, 2017; Kostygina 

et al, 2017; Romero-

Sandoval et al, 2017; 

Bruni et al, 2018; 

Giovenco et al, 2018; 

Lucas et al, 2018; 

MacCallum & Russo, 

2018 
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Table 1.6 (cont.) Pharmacokinetics, advantages and disadvantages of cannabinoid delivery systems 

Delivery mode Pharmacokinetics Advantages Disadvantages References 

Vaporisation 

(use of 

vaporisers or 

electronic 

cigarettes)  

Similar PK profile as 

smoking 

Alternative to smoking  

Minimized impact on 

respiratory health 

Less harmful by-products 

Taste better compared to 

smoking 

 

Short duration of action 

Necessity of a device 

Inter-patient variability 

E-cigarette or vaping associated 

lung injury (EVALI)  

Popcorn lung (e-cig) 

Absorption may vary as the 

smoking route 

Kalant, 2001; Mathre, 

2002; McGilveray, 2005; 

Huestis, 2007; Borgelt et 

al, 2013; Borodovsky et al, 

2016; Hindocha et al, 

2016; Lanz et al, 2016; 

Peace et al, 2016; Shiplo et 

al, 2016; Varlet et al, 

2016; Lippmann & Singh, 

2017; Romero-Sandoval et 

al, 2017; Lucas et al, 2018; 

Kalininskiy et al, 2019; 

Tanne, 2019; Blount et al, 

2020; Christiani, 2020 

Inhalation   

(use of inhalers 

or nebulisers) 

Similar PK profile as 

smoking 

Alternative to smoking and 

vaping  

Minimized impact on 

respiratory health 

Smoke-free, no smell, better 

taste than smoking 

Only inhalation method does 

not heat cannabis (nebuliser) 

Short duration of action 

Necessity of a device 

Inter-patient variability 

Absorption may vary as the 

smoking route 

Grinspoon, 2000; Kalant, 

2001; Mathre, 2002; 

Grotenhermen, 2004a; 

McGilveray, 2005; 

Huestis, 2007; Eisenberg 

et al, 2014; Borodovsky et 

al, 2016; Shiplo et al, 

2016; Romero-Sandoval et 

al, 2017; Lucas et al, 2018; 

MacCallum & Russo, 

2018; Christiani, 2020 
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Table 1.6 (cont.) Pharmacokinetics, advantages and disadvantages of cannabinoid delivery systems 

Delivery mode Pharmacokinetics Advantages Disadvantages References 

Oral Absorption: 2-14% 

THC BA: 5-10% 

CBD BA: 6-31% 

Onset of effect: 30-90 

minutes 

Peak effect: 2-3 hours 

Duration of effect: More 

than 6 hours 

Accurate doses and 

concentrations 

Simple route of administration  

Longer duration of action than 

inhalation forms 

Slow erratic and variable 

absorption 

Delayed onset of action 

Extensive first-pass liver 

metabolism 

Unpredictable psychotropic 

effects 

Grotenhermen, 2003; 

Grotenhermen, 2004a; 

Huestis, 2005; 

McGilveray, 2005; 

Karschner et al, 2011; 

Zhornitsky & Potvin, 

2012; Lile et al, 2013;  

Heuberger et al, 2015; 

Abrams, 2016; Benjamin 

& Fossler, 2016; 

Borodovsky et al, 2016; 

Parikh et al, 2016; 

Badowski, 2017; 

Bridgeman & Abazia, 

2017; Newmeyer et al, 

2017b; Romero-Sandoval 

et al, 2017; Bruni et al, 

2018; Landa et al, 2018; 

Lucas et al, 2018; Pelessi 

et al, 2018 
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Table 1.6 (cont.) Pharmacokinetics, advantages and disadvantages of cannabinoid delivery systems 

Delivery mode Pharmacokinetics Advantages Disadvantages References 

Intranasal Rapid systemic delivery 

Fast onset of action 

No first-pass metabolism 

and irritation 

Easy and pleasant mode of 

administration 

May result in nasal irritation 

Nasal congestion may interfere 

with delivery of drug 

Frequent administration may 

lead to mucosal damage 

Parvathi, 2012; Bryson & 

Sharma, 2017 

Edibles BA of 20 mg THC cookie: 

6% 

Onset of effect: 1- 4 hours 

(variable) 

Duration of effect: More 

than 8 hours 

 

Long period of duration of 

effects 

Variety in formulations (added 

in baked products, candies, and 

drinks) 

Taste, no smell 

Less intense high 

Delayed and variable onset and 

duration of effect 

Absorption can be affected by 

recent meal 

Less accurate dosing titration, 

easy to overdose, serving size 

Oily base is necessary to extract 

cannabis from the plant material 

McGilveray, 2005; 

Zhornitsky & Potvin, 

2012; Murphy et al, 2015; 

Borodovsky et al, 2016; 

Newmeyer et al, 2017b; 

Bruni et al, 2018; Giombi 

et al, 2018; Lucas et al, 

2018; Pellesi et al, 2018; 

Webb, 2018; Grewal & 

Loh, 20209 

 

 

                                                 

 

9 Connely D. A quick guide to medical cannabis. The Pharmaceutical Journal. 2018;301(7915) [cited 2020 Jan 5]. Available from URL: https://www.pharmaceutical-journal.com/news-and-

analysis/infographics/a-quick-guide-to-medical-cannabis/20205224.article?firstPass=false 
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Table 1.6 (cont.) Pharmacokinetics, advantages and disadvantages of cannabinoid delivery systems 

Delivery mode Pharmacokinetics Advantages Disadvantages References 

Buccal/ 

sublingual 

Similar PK profile as oral 

route 

Onset of effect for buccal: 

5-40 minutes 

Onset of effect for 

sublingual: 15-45 minutes 

Duration of sublingual: 6-

8 hours 

Avoid first pass metabolism 

Fast onset of action 

High bioavailability 

Self-titration possibility of dose 

Less psychotropic effects 

compared to smoked cannabis 

Adverse effects generally 

resolve 

Slower onset of action 

compared to inhalation 

PH of the saliva may influence 

the drug absorption 

May cause xerostomia, dental 

carries, white lesions, oral 

burning sensation 

Mathre, 2002; 

Grotenhermen, 2004a; 

Guy & Robson, 2004; 

Scully, 2007; Karschner et 

al, 2011; Klumpers et al, 

2012; Wade, 2012; Stott et 

al, 2013; Devinsky et al, 

2014;  Crowley et al, 

2018; Landa et al, 2018; 

Lucas et al, 2018; Hua, 

20199 

Rectal Twice as high systemic 

bioavailability compared 

to oral form 

Peak effect: 2-8 hours 

BA: 13.5% (may vary) 

 

Can be indicated for specific 

patient population (palliative 

care, gastro-intestinal 

symptoms, patients unable to 

take oral or inhalation 

formulations, paediatric or 

elderly) 

Less practical and preferred Brenneisen et al, 1996; 

Kalant, 2001; 

Grotenhermen, 2003; 

Grotenhermen, 2004a; 

Huestis, 2005; 

McGilveray, 2005; Landa 

et al, 2018; MacCallum & 

Russo, 2018; Mouhamed 

et al, 2018 

 

 

9 Connely D. A quick guide to medical cannabis. The Pharmaceutical Journal. 2018;301(7915) [cited 2020 Jan 5]. Available from URL: https://www.pharmaceutical-journal.com/news-and-

analysis/infographics/a-quick-guide-to-medical-cannabis/20205224.article?firstPass=false 
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Table 1.6 (cont.) Pharmacokinetics, advantages and disadvantages of cannabinoid delivery systems 

Delivery mode Pharmacokinetics Advantages Disadvantages References 

Topical Slow permeation across 

skin layers 

Variable onset 

Delayed absorption 

Reduction in side effects 

experienced with systemic 

formulations 

Ideal for localised dermatologic 

conditions 

Local irritation 

Useful only treating localised 

symptoms 

May accumulate on skin layer 

Grotenhermen, 2004a; 

Bruni et al, 2017; Hess et 

al, 2017; Lucas et al, 2018; 

MacCallum & Russo, 

2018 

Transdermal Very delayed absorption 

Onset of effect THC: 17 

hours, CBD: 24 hours 

Duration of effect THC: 

14 hours, CBD: up to 72 

hours 

Avoids the first-pass metabolism 

Prolonged period of time for 

drug delivery 

Minimised adverse effect profile 

Ideal for localised treatments 

Convenient for treating 

conditions including, nausea, 

vomiting and anorexia 

Local irritation possibility 

Need of carrier 

Hydrophobic nature limits 

permeation through aqueous 

skin layers, penetration 

enhancers are needed to 

improve the penetration and 

increase solubility 

Grotenhermen, 2004a; 

Bruni et al, 2017; Lucas et 

al, 2018 
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Table 1.6 (cont.) Pharmacokinetics, advantages and disadvantages of cannabinoid delivery systems 

Delivery mode Pharmacokinetics Advantages Disadvantages References 

Ophthalmic 6-40% BA 

Peak effect: 1 hour 

Duration of effect: several 

hours 

Local effect 

No psychotropic effects 

Need for carrier or prodrug Kalant, 2001; 

Grotenhermen, 2003; 

Grotenhermen, 2004a; 

Mouhamed et al, 2018 

Systemic Onset of action: within 

seconds 

Duration of effect: within 

4 hours 

High BA 

Fast onset of action 

Possibility to administer 

unconscious patients 

Invasive method 

Least preferred route 

Only possible with aqueous 

synthetic cannabinoids 

Kalant, 2001; Tramèr et al, 

2001; Grotenhermen, 

2004a; Bridgeman, 2017 
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1.8 Pharmacodynamics of Cannabinoids 

Cannabis exerts an anti-inflammatory, antiviral and antitumor effect (Whyte et al, 2010; 

Hernán Pérez de la Ossa et al, 2013; Godsey & Grundmann, 2016; Parmar et al, 2016; 

Erices et al, 2018; Jin & Lee, 2018). It can be used in hard to treat conditions or rare 

diseases when the standard therapeutic options have failed to be effective or when risks 

outweigh the benefits (MacCallum & Russo, 2018; Sagy et al, 2018).  

As Bifulco and Pisanti (2015) stated that ''there is no unique list of pathologies that can 

be treated with cannabis-based drugs, since it is not a cure, but rather a palliative 

treatment. It is up to physicians to decide under which circumstances cannabis should be 

prescribed and which patients could benefit from the treatment''. Cannabinoids has been 

used for the treatment of various health conditions (Table 1.7), including the treatment of 

dermatological conditions using topical formulations (Table 1.8). 

Table 1. 7 Health Conditions Treated with Cannabinoids 

Health Condition References 

Acquired Immunodeficiency 

Syndrome (AIDS) and weight loss in 

AIDS 

Lutge et al, 2013; Bifulco & Pisanti, 2015 

Addictions Panlilio et al, 2013; Fraguas‑Sánchez & 

Torres‑Suárez, 2018 

Attention deficit hyperactivity 

disorder (ADHD) 

Loflin et al, 2014 

Alzheimer’s disease Fraguas‑Sánchez & Torres‑Suárez, 2018 

Amyotrophic lateral sclerosis Williams et al, 2016 

Anorexia Parikh et al, 2016; Reuter & Martin, 2016; 

Bruni et al, 2018 

Anxiety Schier et al, 2012; Buckner & Zvolensky, 

2014; Fraguas‑Sánchez & Torres‑Suárez, 

2018 

Asthma Caligiuri et al, 2018 

Cancer pain Johnson et al, 2010; Bar-Lev et al, 2018 

Chemotherapy-induced nausea and 

vomiting (CINV) 

Tramèr et al, 2001; Machado et al, 2008; 

Lynch et al, 2014; Smith et al, 2015; 

Punyamurthula et al, 2016; Agar, 2018; 

Fraguas‑Sánchez & Torres‑Suárez, 2018 
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Table 1.7 (cont.) Health Conditions Treated with Cannabinoids 

Health Condition References 

Chronic pain Ogborne et al, 2000; Lynch & Campbell, 

2011; Lucas, 2012; Romero-Sandoval et al, 

2017; Romero-Sandoval et al, 2018; Sagy et 

al, 2018; Philpot et al, 2019 

Chron’s disease Naftali et al, 2011; Schicho & Storr, 2014; 

Abuhasira et al, 2018a 

Dravet syndrome Wirrell et al, 2017; McCoy et al, 2018 

Epilepsy and seizures Welty et al, 2014; Tzadok et al, 2016; Treat et 

al, 2017; McCoy et al, 2018 

Fibromyalgia Skrabek et al, 2008; Staud & Koo, 2008; Fiz 

et al, 2011; Fitzcharles et al, 2016a 

Headache Pellesi et al, 2018; Corroon et al, 2019 

Human Immunodeficiency Virus 

(HIV) 

Lutge et al, 2013 

Huntington’s disease Fraguas‑Sánchez & Torres‑Suárez, 2018 

Infection Lim & Kirchhof, 2018; Lim & Kirchhof, 

2019 

Inflammation Corroon et al, 2019; Lim & Kirchhof, 2019 

Inflammatory skin diseases Lim & Kirchhof, 2018; Lim & Kirchhof, 

2019 

Lennox-Gastaut syndrome Barrack & Chamberlin, 2018 

Lou Gehrig's Disease Williams et al, 2016 

Mood disorders Zuardi et al, 2006; Sexton et al, 2016 

Multiple sclerosis Indorato et al, 2016; Szaflarski & Sirven, 

2017; Landa et al, 2018 

Muscle spasms Parmar et al, 2016 

Neuropathic pain Fine & Rosenfeld, 2014; Grant et al, 2015; 

Lee G, 2018; MacCallum & Russo, 2018 

Nonspecific pain Abuhasira et al, 2018a; Splinter, 2019 

Parkinson’s disease Fraguas‑Sánchez & Torres‑Suárez, 2018 

Postoperative pain Aviram & Samuelly-Leichtag, 2017 

Post-traumatic stress disorder Williams et al, 2016; Fraguas‑Sánchez & 

Torres‑Suárez, 2018 

Schizophrenia Leweke et al, 2012; Bruni et al, 2018 

Shingles Lim & Kirchhof, 2018; Lim & Kirchhof, 

2019 

Skin cancer Lim & Kirchhof, 2018; Lim & Kirchhof, 

2019 

Sleeping problems Webb & Webb, 2014; Parmar et al, 2016 

Spastic conditions Landa et al, 2018 

Terminal illnesses Bifulco & Pisanti, 2015; Williams et al, 2016 

Tourette syndrome Fraguas‑Sánchez & Torres‑Suárez, 2018 

Ulcerative colitis Abuhasira et al, 2018a 
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Table 1. 8 Dermatologic Conditions Treated with Topical Cannabinoids 

Dermatologic condition References 

Acne Oláh et al, 2014; Ali & Akhtar, 2015; Jin & 

Lee, 2018 

Aging Lim & Kirchhof, 2018; Lim & Kirchhof, 2019 

Alopecia Telek et al, 2007; Tóth et al, 2019 

Arthritis Fukuda et al, 2014; Fitzcharles et al, 2016a 

Bruising Lim & Kirchhof, 2018; Lim & Kirchhof, 2019 

Cosmesis Lim & Kirchhof, 2018; Lim & Kirchhof, 2019 

Dermatitis Callaway et al, 2005; Nam et al, 2016; Scheau 

et al, 2020 

Dryness Oláh et al, 2016; Zákány et al, 2018 

Eczema Mounessa et al, 2017; Lim & Kirchhof, 2019 

Ehlers-Danlos syndrome Lim & Kirchhof, 2018; Lim & Kirchhof, 2019 

Glaucoma Punyamurthula et al, 2017 

Hirsutism Telek et al, 2017; Tóth et al, 2019 

Infections Appendino et al, 2008; Lim & Kirchhof, 2018 

Inflammations Nam et al, 2016; Mounessa et al, 2017; Oláh & 

Bíró; 2017 

Lupus Nagarkatti et al, 2009 

Lyme disease Lim & Kirchhof, 2018; Lim & Kirchhof, 2019 

Nail-patella syndrome Dhadwal & Kirchhof, 2018 

Neurofibromatosis Dhadwal & Kirchhof, 2018 

Pain Flores et al, 2012; Lim & Kirchhof, 2019 

Pigmentation disorders Tóth et al, 2019 

Pruritus Ho et al, 2019 

Psoriasis Wilkinson & Williamson, 2007; Mounessa et 

al, 2017 

Scars Lim & Kirchhof, 2018; Lim & Kirchhof, 2019 

Scleroderma del Río et al, 2016; Scheau et al, 2020 

Sjögren syndrome Lim & Kirchhof, 2018; Lim & Kirchhof, 2019 

Skin cancer Armstrong et al, 2015 

Skin healing Chelliah et al, 2018 

Skin irritation Ali & Akhtar, 2015 

Sun burns Moore et al, 2013 

Warts Lim & Kirchhof, 2018; Lim & Kirchhof, 2019 
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Efficacy of cannabis can be associated to its formulation and THC/CBD content (Rubens, 

2014). The benefits and risks of cannabinoids are dependent on the product, dose 

administered, duration of utilisation and the patient population.10 

Scientific evidence is suggesting the effectiveness of medicinal cannabinoids in the 

following conditions:10,11 

1. Spasticity in multiple sclerosis resistant to all standard therapies and interventions 

(Koppel et al, 2014; Whiting et al, 2015; Freeman et al, 2019) 

2. Chemotherapy-induced nausea and vomiting despite the use of standard anti-

emetic regimes3 (Whiting et al, 2015; Freeman et al, 2019) 

3. Chronic pain despite standard therapies (Koppel et al, 2014; Whiting et al, 2015; 

Freeman et al, 2019) 

4. Severe treatment-resistant epilepsy that has failed to respond to standard 

anticonvulsant medications (Freeman et al, 2019) 

 

                                                 

 

3U.S. Food & Drug Administration (FDA). FDA and cannabis: research and drug approval process. [Internet]. USA: 

FDA; 2020 [cited 2020 Jan 20]. Available from URL: https://www.fda.gov/news-events/public-health-focus/fda-and-

cannabis-research-and-drug-approval-process  

10 Health Products Regulatory Authority. Cannabis for medical use - a scientific review [Internet] Ireland: 2017 [cited 

2020 Jan 20]. Available from URL: https://www.hpra.ie/docs/default-source/publications-forms/newsletters/cannabis-

for-medical-use---a-scientific-review.pdf?sfvrsn=7 

11 Health Canada. Information for health care Professionals [Internet]. Ottawa: Health Canada; 2018 [cited 2020 Jan 

20]. Available from URL: https://www.canada.ca/content/dam/hc-sc/documents/services/drugs-

medication/cannabis/information-medical-practitioners/information-health-care-professionals-cannabis-cannabinoids-

eng.pdf 

https://www.hpra.ie/docs/default-source/publications-forms/newsletters/cannabis-for-medical-use---a-scientific-review.pdf?sfvrsn=7
https://www.hpra.ie/docs/default-source/publications-forms/newsletters/cannabis-for-medical-use---a-scientific-review.pdf?sfvrsn=7
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Clinical trials for cannabis use in chronic pain, include a variety of conditions such as 

cancer pain, neuropathic pain and fibromyalgia. Buccal spray formulations containing 

THC and CBD were observed to have clinically promising effectiveness for the treatment 

of chronic neuropathic pain or non-cancer pain.12 

There is currently no evidence supporting the benefit in treating cancer, despite anecdotal 

reports or animal studies10 (Fraguas‑Sánchez & Torres‑Suárez, 2018). The evidence is 

limited to support the benefit of cannabis in other conditions such as appetite stimulation 

in AIDS, Parkinson’s disease, Alzheimer’s disease, depression, dementia, sleep disorders, 

inflammatory disorders such as Crohn’s disease, rheumatoid arthritis, ulcerative colitis, 

glaucoma, anxiety or post-traumatic stress disorder11 (Fraguas‑Sánchez & Torres‑Suárez, 

2018). 

Common side effects of cannabinoids include dizziness, drowsiness, disorientation, dry 

mouth, fatigue, somnolence, red eyes, nausea (Borràs et al, 2011; Kraft, 2012; Ware et al, 

2015; Birdsall et al, 2016; Joshi & Ashley, 2016; Babalonis et al, 2017), vomiting, 

relapsing of MS, urinary tract infections, confusion and hallucination (Whiting et al, 

                                                 

 

10 Health Products Regulatory Authority. Cannabis for medical use - a scientific review [Internet] Ireland: 2017 [cited 

2020 Jan 20]. Available from URL: https://www.hpra.ie/docs/default-source/publications-forms/newsletters/cannabis-

for-medical-use---a-scientific-review.pdf?sfvrsn=7 

11 Health Canada. Information for health care Professionals [Internet]. Ottawa: Health Canada; 2018 [cited 2020 Jan 

20]. Available from URL: https://www.canada.ca/content/dam/hc-sc/documents/services/drugs-

medication/cannabis/information-medical-practitioners/information-health-care-professionals-cannabis-cannabinoids-

eng.pdf 

12 Canadian Agency for Drugs and Technologies in Health (CADTH). Cannabinoid buccal spray for chronic non-cancer 

or neuropathic pain: a review of clinical effectiveness, safety, and guidelines. 2016: Final report [Internet]. Ottawa 

(ON): CADTH; 2016 [cited 2020 Jan 20]. Available from URL: https://www.ncbi.nlm.nih.gov/books/NBK395789/ 

https://www.hpra.ie/docs/default-source/publications-forms/newsletters/cannabis-for-medical-use---a-scientific-review.pdf?sfvrsn=7
https://www.hpra.ie/docs/default-source/publications-forms/newsletters/cannabis-for-medical-use---a-scientific-review.pdf?sfvrsn=7
https://www.canada.ca/content/dam/hc-sc/documents/services/drugs-medication/cannabis/information-medical-practitioners/information-health-care-professionals-cannabis-cannabinoids-eng.pdf
https://www.canada.ca/content/dam/hc-sc/documents/services/drugs-medication/cannabis/information-medical-practitioners/information-health-care-professionals-cannabis-cannabinoids-eng.pdf
https://www.canada.ca/content/dam/hc-sc/documents/services/drugs-medication/cannabis/information-medical-practitioners/information-health-care-professionals-cannabis-cannabinoids-eng.pdf
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2015; Bridgeman & Abazia, 2017) and euphoria (Pearce et al, 2014; Ware et al, 2015; 

Babalonis et al, 2017). 

Short-term use of cannabis may impair short-term memory and motor coordination, alter 

judgment and may lead to anxiety (Gomes et al, 2011; Cox, 2015; Bridgeman & Abazia, 

2017) and paranoia (Freeman et al, 2013; Ware et al, 2015) or psychosis at high doses 

(Fridberg et al, 2011; Wolff & Johnston, 2014; Abrams, 2019; Mensen et al, 2019). THC 

can induce tachycardia and orthostatic hypotension (Grotenhermen, 2004b; Bridgeman 

& Abazia, 2017; Fischbach, 2017). 

Long-term or heavy use of cannabis in individuals who begin at early age may lead to 

addiction, altered brain development, cognitive impairment and mood disturbances in 

persons with a predisposition, poor educational outcomes, impulsive decision making, 

reduced life satisfaction, stroke and ischemic attack (Crean et al, 2011; Solowij et al, 

2012; Bridgeman & Abazia, 2017; Schauer et al, 2017). Long-term use of THC may be 

associated with cardiovascular conditions including bradycardia and myocardial 

infarction as well as respiratory event like chronic bronchitis (Grotenhermen, 2004b; 

Khullar et al, 2014; Bridgeman & Abazia, 2017; Fischbach, 2017; DeFilippis et al, 2020). 

Cannabinoid tolerance has shown to affect nociception, hypolocomotion, catalepsy, 

hypothermia, impairment in learning and memory and neuroendocrine effects (Martin, 

2005; McKinney et al, 2008; McMahon, 2011; Singh et al, 2011; Panlilio et al, 2013). 

Discontinuation of cannabis may result in withdrawal symptoms, including drug craving, 

gastrointestinal symptoms, sleep disturbances, irritability, restlessness, nervousness, 

anxiety and aggression (Haney et al, 1999a; Haney et al, 1999b; Budney et al, 2004; 

Panlilio et al, 2013; Herrmann et al, 2015). 



39 

 

Co-administration of ketoconazole with cannabis products containing THC and CBD 

results in an increase in the maximum serum concentration in cannabinoids, by 1.2-fold 

to 1.8-fold for THC and by 2-fold for CBD (Bridgeman & Abazia, 2017). Co-

administration of rifampin may result in reduced THC and CBD levels (Bridgeman & 

Abazia, 2017). 

1.9 Approved Formulations of Medicinal Cannabis 

There are various medicinal cannabis formulations approved worldwide. The CBD-based 

oral solution derived from pure plant, and marketed as Epidiolex® was approved for the 

treatment of seizures associated with Lennox-Gastaut syndrome or Dravet syndrome in 

patients of two years and older. Lennox-Gastaut and Dravet Syndromes are the severe 

forms of seizure which arise in childhood13 (Barrack & Chamberlin, 2018; 

Fraguas‑Sánchez & Torres‑Suárez, 2018). 

The oro-mucosal spray nabiximol, marketed as Sativex® has been approved for use in 

spasticity due to multiple sclerosis and neuropathic pain, when previous treatments have 

failed. This liquid formulation contains THC and CBD at a ratio of 1:1 (Karschner et al, 

2011; Abuhasira et al, 2018b; Barrack & Chamberlin, 2018; Bruni et al, 2018; 

Fraguas‑Sánchez & Torres‑Suárez, 2018; Freeman et al, 2019). 

 

                                                 

 

13 European Monitoring Centre for Drugs and Drug Addiction (EMCDDA). Medical use of cannabis and cannabinoids 

[Internet]. Lisbon: EMCDDA; 2018 [cited 2020 Jan 22]. Available from URL:  

https://www.emcdda.europa.eu/system/files/publications/10171/20185584_TD0618186ENN_PDF.pdf 
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Two formulations containing the synthetic Δ9-THC dronabinol, the oral capsule marketed 

as Marinol® and the oral solution marketed as Syndros®, have been approved by FDA3 

(Badowski, 2017). The main indications for use are anorexia associated with weight loss 

in patients with AIDS, CINV and neuropathic pain after previous treatments have failed 

(Karschner et al, 2011; Lee & Huestis, 2014; Parmar et al, 2016; Abuhasira et al, 2018b; 

Barrack & Chamberlin, 2018; Fraguas‑Sánchez & Torres‑Suárez, 2018). 

The oral capsules containing the synthetic cannabinoid nabilone, marketed as Cesamet® 

and Canemes®, are indicated for the treatment of chronic pain, fibromyalgia pain, 

neuropathic pain and CINV (Badowski, 2017) after the failure or intolerance of previous 

treatments (Parmar et al, 2016; Tsang & Giudice, 2016; Ciccone, 2017; Abuhasira et al, 

2018b; Fraguas‑Sánchez & Torres‑Suárez, 2018). 

Cannabis flowers, marketed as Bedrocan® and Pedanios® have been approved in Europe 

to treat various conditions including pain, insomnia, stress, multiple sclerosis and 

depression (Chiurchiù et al, 2018; Fraguas‑Sánchez & Torres‑Suárez, 2018). The 

formulations of medicinal cannabis flowers vary depending on the THC and CBD ratio. 

Bedrocan® is derived from the Sativa species which contains 19% of THC and less than 

1% of CBD.13 Medicinal cannabis flowers can be administered via inhalation or orally 

such as by adding it to food or taken as tea (Barrack & Chamberlin, 2018; Chiurchiù et 

al, 2018; Fraguas‑Sánchez & Torres‑Suárez, 2018). 

 

3 U.S. Food & Drug Administration (FDA). FDA and cannabis: research and drug approval process. [Internet]. USA: 

FDA; 2020 [cited 2020 Jan 22]. Available from URL: https://www.fda.gov/news-events/public-health-focus/fda-and-

cannabis-research-and-drug-approval-process  

13 European Monitoring Centre for Drugs and Drug Addiction (EMCDDA). Medical use of cannabis and cannabinoids 

[Internet]. Lisbon: EMCDDA; 2018 [cited 2020 Jan 22]. Available from URL:  

https://www.emcdda.europa.eu/system/files/publications/10171/20185584_TD0618186ENN_PDF.pdf 

https://www.emcdda.europa.eu/system/files/publications/10171/20185584_TD0618186ENN_PDF.pdf
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Cannabis extracts, marketed as Tilray®, are formulated at different ratios of THC and 

CBD as an oral solution or capsules. They are indicated for the treatment of various 

conditions including pain, insomnia, stress, multiple sclerosis and depression 

(Fraguas‑Sánchez & Torres‑Suárez, 2018). 

1.10 Physico-chemical Properties of Cannabinoids and their formulation 

Cannabinoids are highly lipophilic molecules and have very low water solubility. The 

physico-chemical characteristics of cannabis is complex (Bruni et al, 2018; MacCallum 

& Russo, 2018).  

Poor bioavailability of cannabinoids may result in ineffective therapy, side effects as well 

as the need for higher doses. Specific formulations are needed to enhance the 

bioavailability of cannabinoids. CBD is less lipophilic compared to THC (Lucas et al, 

2018). Stability is another concern as THC is an amorphous molecule. Liquid 

formulations can easily undergo degradation due to the effects of temperature, light and 

auto-oxidation (Bruni et al, 2018). Permeation ability of THC is 10-fold slower than the 

CBD (Grotenhermen, 2004a; Bruni et al, 2018; Lucas et al, 2018). 

According to the FDA biopharmaceutical classification system (BCS) of drugs14 cannabis 

(dronabinol) was considered as a class 2 or 4 drug, which have low solubility with an 

unknown permeability resulting in poor bioavailability (Jain et al, 2012). The         

physico-chemical profile of cannabis lead to challenges when formulating this drug for 

                                                 

 

14 US Food & Drug Administration (FDA). Waiver of in vivo bioavailability and bioequivalence studies for immediate-

release solid oral dosage forms based on a biopharmaceutics classification system guidance for industry [Internet]. New 

Hampshire: FDA; 2017 [cited 2020 Jan 23]. Available from URL: https://www.fda.gov/media/70963/download 
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different routes of delivery (Jain et al, 2012; Bruni et al, 2018; MacCallum & Russo, 

2018). 

Formulation may play a critical role in physicochemical stability and solubility of drugs 

and to overcome challenges related to the physicochemical characteristics of drugs. 

Possible strategies to enhance physicochemical properties of poorly soluble substances 

like cannabinoids, include salt formation via pH adjustment, addition of cosolvents 

(ethanol, propylene glycol and PEG400), micellization (polysorbate 80, cremophor ELP), 

nano-micro-emulsification, complexation with cyclodextrins, solid dispersion (fusion or 

solvent method) and encapsulation in liposomes, nanoparticles and solid lipid 

nanoparticles (Banga, 2006; Zhang et al, 2006; Jain et al, 2012; Durán-Lobato et al, 2016; 

Bruni et al, 2018). 

Particle size reduction is a known method in enhancing dissolution rates. Nanoparticles 

(10–100nm) can easily penetrate and allow efficient delivery of drug at the target sites. 

Biodegradable nanoparticles can enable sustained release of the drug within the target site 

for an extended period of time (Azad & Rojanasakul, 2006; Kawabata et al, 2011; Jain et 

al, 2012). Solid dispersion is forming of eutectic mixtures of drugs with water-soluble 

carriers, this is done by melting of the mixtures to be able to dissolve the carriers which 

will lead to precipitation of the drug in a finely divided state in water (Jain et al, 2012). 

The use of cross linking and barrier forming polymers as an excipient, may improve the 

stability of solid formulations of THC and introducing a lipid matrix may enhance the 

bioavailability of THC (Punyamurthula et al, 2016). Bioavailability of cannabinoids was 

found to be higher in oil formulations than in decoction forms. Bioavailability can be 

improved by formulation of cannabinoids in oil such as sesame oil and glycocholate 

(Grotenhermen, 2003; Grotenhermen, 2004a; Huestis, 2005; Heuberger et al, 2015; 

Newmeyer et al, 2016; Pellesi 2018). 
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Modified release formulations may help achieving effective treatment and protecting 

patients from side effects. For example, by maintaining a suitable level of THC in the 

plasma and reducing the concentration of THC psychoactive metabolite in the plasma, 

the psychiatric side effects of THC could be reduced (Punyamurthula et al, 2016; Siew, 

2017).  

Cannabinoid prodrugs can be advantageous in providing gastro-resistant formulations 

and preventing narcotic effects. Self-emulsifying drug delivery systems (SEDDS) are the 

isotropic mixtures of oils (soybean and sesame oils, oleic acid), surfactants (oleoyl 

polyoxyl-6 glycerides, medium-chain mono-glycerides and di-glycerides, PEG 

hydrogenated castor oil, propylene glycol esters), solvents and co-solvents. SEDDS can 

be used in oral formulations to improve absorption, dissolution, stability and 

bioavailability of highly lipophilic cannabinoids (Šoltýsová et al, 2016; Bruni et al, 2018). 

Oral administration of cannabinoids undergoes first-pass liver metabolism, resulting in 

poor gastrointestinal permeability. Designing nasal, inhaled-pulmonary, transdermal and 

oral transmucosal delivery formulations may facilitate drug uptake and bypass the first-

pass metabolism. Administration through intra-nasal cavity delivers the drug directly into 

the systemic circulation. These formulations could be beneficial for patients having 

nausea, vomiting, oral mucositis and impaired gastrointestinal function (Bruni et al, 

2018). Paudel et al (2010) prepared formulations of CBD in PEG400 and 

PEG/saline/ethanol solvents and used permeation enhancers such as 1% sodium 

glycocholate or 1% dimethyl-beta-cyclodextrin for intranasal administration and 

absorption was significantly improved (Bruni et al, 2018). Bryson and Sharma (2017) 

have represented nasally administered semi-solid and liquid cannabinoid formulations as 

well as devices which provide precise nasal administration. 
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The use of ∆8-isomer for topical formulations, rather than ∆9-isomer of THC, improves 

permeability (Touitou et al, 1988). Producing hydrophilic prodrugs, micellar solutions 

and emulsion formulations using valine, dipeptides or amino acid-dicarboxylic esters 

provide improved corneal permeability for topical ophthalmic THC preparations (Bruni 

et al, 2018). 

1.11 History of Medicinal Cannabis in Malta 

The use of cannabis for medicinal purposes was legalised in Malta in March 2015, when 

the ‘Drug Dependence (Treatment not Imprisonment) Act’ was launched and amended in 

2018.15 The Act entitled licenced medical practitioners who are registered in accordance 

with the Health Care Professions Act, to prescribe medicinal cannabis. Medicinal 

cannabis preparations must be licensed under the Medicines Act or manufactured under 

Good Manufacturing Practice. The use of medicinal cannabis can be an option if no 

alternative is found, despite other protocols. Smoking forms of cannabis are prohibited. 

In April 2018, the ‘Production of Cannabis for Medicinal or Research Purposes Act’ was 

launched by the Maltese Parliament, which sets guidelines on the production of cannabis 

for medicinal and research purposes in Malta.16 Necessary approvals, authorisations, 

licences and permits need to be obtained as required and under all applicable laws for 

cultivation, importation, processing and production of cannabinoids for medicinal and 

research purposes.15  

                                                 

 

15 The Drug Dependence (Treatment not Imprisonment) Act of 2015, Malta Medicines Authority [cited 2020 Jan 25]. 

Available from URL: http://justiceservices.gov.mt/DownloadDocument.aspx?app=lom&itemid=12289&l=1 

16 The Production of Cannabis for Medicinal and Research Purposes Act of 2018, Malta Medicines Authority [cited 

2020 Jan 25]. Available from URL: 

http://justiceservices.gov.mt/DownloadDocument.aspx?app=lom&itemid=12821&l=1 

http://justiceservices.gov.mt/DownloadDocument.aspx?app=lom&itemid=12289&l=1
http://justiceservices.gov.mt/DownloadDocument.aspx?app=lom&itemid=12821&l=1
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Pedanios (22/1, 20/1 ratios of THC/CBD), Bedrocan (22 THC, less than 1 CBD) and 

Bediol (6/8 ratios of THC/CBD) flowers were approved for medicinal purposes in 

Malta.17,18,19 CDB oil is not approved locally. Patients can access their medicinal cannabis 

preparations from a licenced pharmacy by presentation of a green prescription, control 

card and approval from the Superintendent of Public Health.20 

1.12 Aim and Objectives 

The aims and objectives of this study were (i) to evaluate delivery systems used for 

medicinal cannabis and patient preferences for delivery approaches using two self-

administered questionnaires, one addressed to medicinal cannabis users and another one 

for potential users of medicinal cannabis (ii) to review studies focusing on medicinal 

cannabis dosage forms and opinions of medicinal cannabis users about cannabis dosage 

forms. 

  

                                                 

 

17 Ohle M. Aurora cannabis to supply medical cannabis to Malta [Internet]. Pot Stock News; 2018 [cited 2020 Jan 25]. 

Available from URL: https://potstocknews.com/aurora-supplies-medical-cannabis-malta 

18 Pascual A. Cannabis applications in Malta await guidelines from government. Marijuana Business Daily, 2018 [cited 

2020 Jan 25]. Available from URL: https://mjbizdaily.com/cannabis-applications-in-malta-await-guidelines-from-

government/ 

19 The Pain Clinic. THC [Internet]. Malta: Pain Clinic; 2017 [cited 2020 Jan 25]. Available from URL: 

http://www.painclinic.com.mt/thc/ 

20 Superintendent of Public Health SPH Circular Prescribing and dispensing of medical cannabinoids 2018 [Internet]. 

Malta: [cited 2020 Jan 25]. Available from URL: https://deputyprimeminister.gov.mt/en/Pharmaceutical-

Unit/Documents/Circulars/SPH_Circular_2-2018.pdf 



46 

 

 

 

  

2. Methodology 

 



47 

 

2.1 Study Design 

The study was divided into 2 parts. The first part entailed a prospective cross-sectional 

study which assessed the perception of users and potential users of medicinal cannabis in 

Malta. The second part of the study consisted of a systematic review about cannabis 

dosage forms. 

2.2 Part I - Development of the Questionnaires 

Two self-administered questionnaires were developed, one for medicinal cannabis users 

and another one for potential users of medicinal cannabis.  The questionnaires aimed to 

evaluate the perception of patients about existing delivery methods used for medicinal 

cannabis and their preferred methods of administration. The questionnaires were 

developed in both English and Maltese languages. 

Development of the questionnaires was based on comprehensive literature review to 

determine pharmacokinetics and pharmacodynamics of cannabis, accessible dosage 

forms of medicinal cannabis in Malta and existing dosage forms worldwide. 

2.2.1 Questionnaire for Medicinal Cannabis Users  

The questionnaire developed for medicinal cannabis users entitled ‘Methods of Delivery 

for Medicinal Cannabis Users’ (MDMCU – Appendix 1) is divided into 2 sections. The 

first section collected the demographic data such as age, gender, level of education, 

nationality and locality. Section two consisted of 13 questions which included 2 multiple 

choice questions to assess why they use medicinal cannabis (Bifulco & Pisanti, 2015; 

Parmar et al, 2016; Fraguas‑Sánchez & Torres‑Suárez, 2018; Landa et al, 2018; Lim & 

Kirchhof, 2018; MacCallum & Russo, 2018; McCoy et al, 2018) and side effects 

experienced when using their medication (Kalant, 2001; Pearce et al, 2014). Six questions 
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aimed at assessing the type of prescribed medicinal cannabis currently utilised17,18,19 

(Fraguas-Sánchez & Torres‑Suárez, 2018), the period the patient was prescribed with 

medicinal cannabis21, the onset of the desired effect, how long does the effect of their 

medication last (Kalant, 2001; Grotenhermen, 2003; Grotenhermen, 2004a; Karschner et 

al, 2011; Heuberger et al, 2015; Shiplo et al, 2016; Bridgeman & Abazia, 2017; Lucas et 

al, 2018) and to specify if they have tried other forms of medicinal cannabis other than 

the dosage form they are currently using. One five-point Likert scale question assessed 

how easy it is to administer medicinal cannabis with their current delivery system. Two 

open-ended questions evaluated whether participants would switch to another form of 

medicinal cannabis and reasons why. Two five-point Likert scale questions required 

participants to rate different dosage forms of medicinal cannabis according to their 

preference, one question consisted of dosage forms which are administered orally (Scully, 

2007; Punyamurthula et al, 2017; Ciolino et al, 2018b; Crowley et al, 2018; Pelessi et al, 

2018; Abd-Elsalam et al, 2019), rectally (Lim & Kirchhof, 2018) or systemically 

(Huestis, 2007), the other question included dosage forms applied topically (Ciolino et al, 

                                                 

 

17 Ohle M. Aurora cannabis to supply medical cannabis to Malta [Internet]. Pot Stock News; 2018 [cited 2020 Feb 8]. 

Available from URL: https://potstocknews.com/aurora-supplies-medical-cannabis-malta 

18 Pascual A. Cannabis applications in Malta await guidelines from government. Marijuana Business Daily, 2018 [cited 

2020 Feb 8] Available from URL: https://mjbizdaily.com/cannabis-applications-in-malta-await-guidelines-from-

government/ 

19 The Pain Clinic. THC [Internet]. Malta: Pain Clinic; 2017 [cited 2020 Feb 8]. Available from URL: 

http://www.painclinic.com.mt/thc/ 

21 Pace M. Malta has officially legalised medical cannabis [Internet]. Maltatoday; 2018 [cited 2020 Feb 8]. Available 

from URL: 

https://www.maltatoday.com.mt/news/national/85616/malta_has_officially_legalised_medical_cannabis#.XTMJHegz

Y2w  

https://mjbizdaily.com/cannabis-applications-in-malta-await-guidelines-from-government/
https://mjbizdaily.com/cannabis-applications-in-malta-await-guidelines-from-government/
https://www.maltatoday.com.mt/news/national/85616/malta_has_officially_legalised_medical_cannabis#.XTMJHegzY2w
https://www.maltatoday.com.mt/news/national/85616/malta_has_officially_legalised_medical_cannabis#.XTMJHegzY2w
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2018a; Lim & Kirchhof, 2018) or via inhalation (Grotenhermen, 2003; Hazekamp et al, 

2006; Huestis, 2007; Newmeyer et al, 2016; Lippmann & Singh, 2017). 

An online version of the MDMCU questionnaire was developed using Google forms. This 

questionnaire was then translated into Maltese language and ‘Metodi t’amministrazzjoni 

tal-kannabis mediċinali għall-utenti questionnaire’ (Appendix 2) was developed. 

Translation was performed with assistance of Maltese nationals and using Maltese 

dictionary and ‘Google Translate’. 

2.2.2 Questionnaire for potential users of Medicinal Cannabis 

The questionnaire developed for potential users of medicinal cannabis entitled ‘Methods 

of Delivery for non-users of Medicinal Cannabis’ (MDNMCU – Appendix 3) was based 

on the questionnaire developed for medicinal cannabis users and is divided into 2 

sections. A demographic section and a section consisting of 13 questions. Eight questions 

assessed for which condition they would begin using medicinal cannabis, whether they 

are currently consuming pain medications and if yes how many, if they have ever tried 

cannabis and if yes, what form of cannabis they tried7 and if cannabis assisted them to 

feel better. One five-point Likert scale evaluated, which pain intensity would require 

commencing the use of medicinal cannabis. Faces portraying pain were used to help in 

the understanding and rating of pain (Hicks et al, 2001). Two multiple choice questions 

aimed at assessing whether if presented with the opportunity to use medicinal cannabis, 

they would start using it or not and the reasons why. 

 

7 Botanic Alternatives CBD. Botanic alternatives cbd and cannabis accessories [Internet]. Chicago: IL;2014 [cited 2020 

Feb 8]. Available from URL: https://www.botanicalternatives.com/ 
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The remaining two questions required participants to rate numerous dosage forms of 

medicinal cannabis as per their preference if they were to use medicinal cannabis, this 

was separated according to method of administration as per in the users questionnaire.  

The questionnaire for potential users was translated into Maltese language by using same 

sources as the medicinal cannabis users questionnaire and the ‘Metodi t’amministrazzjoni 

tal-kannabis Mediċinali Questionnaire’ (Appendix 4) was developed.  

2.3 Validation of the Questionnaires 

Validation of the questionnaires was conducted by a panel composed of six members 

including three doctors, one academic pharmacist, one statistician and one lay person. 

Content validation of the questionnaires in two versions (Maltese and English language) 

was performed using the Delphi Technique (Habibi et al, 2014), which comprised of two 

rounds. In the first round of the validation process, participants were requested to rate 

each question on relevance and level of agreement on a five-point Likert scale, where 1 

corresponds to not relevant and strongly disagree and 5 corresponds to highly relevant 

and strongly agree (Habibi et al, 2014). Participants were requested to indicate any 

recommended changes and remarks following each question. Participants were provided 

two weeks to submit their feedback. 

Suggested changes were accepted if the proposed changes facilitated the understanding 

of questions by participant or if proposed by a majority. Suggested changes were rejected 

when requested by the minority of the validation panel. Once the suggested changes were 

reviewed and incorporated, the questionnaires were re-sent one week apart for the second 

Delphi round. Accepted changes and the reason for rejections were emphasised when 

submitting the revised questionnaire to the validation panel. The second version of the 

questionnaires were approved by all the participants without any further suggestions. 
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2.4 Approvals 

Approvals were sought prior to the dissemination of the questionnaires. Approvals were 

obtained from the Pain Clinic (Appendix 5) and Primary Health Care (Appendix 6) to 

carry out the research at these facilities. The study was also approved by the Faculty 

Research Ethics Committee (FREC) of the University of Malta (Appendix 7). 

2.5 Dissemination of the Questionnaires 

Questionnaires were disseminated at the Pain Clinic, Primary Health Care and online to 

patients attending these institutions. The selection criteria for MDMCU questionnaire 

encompassed patients who were prescribed with medicinal cannabis due to conditions 

which including chronic pain, chemotherapy-induced nausea and vomiting, spasticity in 

multiple sclerosis and treatment resistant epilepsy (Koppel et al, 2014; Whiting et al, 

2015; Freeman et al, 2019). Patients who were considered as eligible prospective users of 

medicinal cannabis were selected for MDNMCU questionnaire. Prospective users had 

medical conditions for which medicinal cannabis is indicated and for which standard 

therapies had already been prescribed. Patients were identified and invited to take part in 

the study by the doctor when visiting the clinic. The MDMCU questionnaire was also 

distributed online to medicinal cannabis users by their doctor, using the Mailchimp 

account. The questionnaires were anonymous and participation was voluntary with the 

possibility to opt to leave the study at any point. Participants consented to take part in the 

study by answering the questionnaire. The questionnaires were disseminated between 25th 

September 2019 and 8th February 2020. 

 

 



52 

 

2.6 Analysis of the Data 

The data collected from the questionnaires was statistically analysed using six different 

tests, namely the Friedman test, Post-hoc test, Mann-Whitney test, Kruskal-Wallis test, 

Proportion test and the Chi-squared test. The Friedman test was used to compare mean 

rating scores ranged from 1 to 5, where 1 corresponds to least preferred, and 5 corresponds 

to most preferred dosage form. The null hypothesis specifies that the mean rating scores 

are similar. Post-hoc analysis was performed as an extension to the Friedman test for 

making pairwise comparisons and see the differences in mean rating scores. 

The Mann-Whitney test was used to compare the mean preference scores between two 

independent groups, such as users and potential users of medicinal cannabis. The mean 

preference scores ranged from 1 to 5, where 1 corresponds to least preferred, and 5 

corresponds to most preferred dosage form. The null hypothesis specifies that the mean 

preference scores varies marginally between the two groups. 

The Kruskal-Wallis test was used as an extension to the Mann-Whitney test, because it 

compares mean preference scores between several (more than two) independent groups 

such as age, level of education and locality. The null hypothesis specifies that the mean 

preference scores varies slightly. 

Proportion test was used to compare differences between several (more than two) groups 

such as age and time period. The null hypothesis specifies that the proportions 

(probabilities) of cases are the same for each group. 

The Chi-squared test was utilised to analyse the association between two nominal or 

categorical variables. The null hypothesis indicates that there is no association between 

the two variables. For all tests, the null hypothesis is accepted if the p-value was greater 
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than the 0.050 level of significance, indicating that there is no statistically significant 

difference. The alternative hypothesis specifies a significant association between the two 

variables and is accepted if the p-value is below the 0.050 criterion. Statistical analysis 

was conducted using SPSS software version 26 and RStudio software version 1.3.959. 

2.7 Part II – Systematic Reviews 

Two systematic reviews were conducted, one about medicinal cannabis dosage forms and 

another one about preferences of patients on cannabinoid dosage forms, to identify studies 

conducted regarding medicinal cannabis dosage forms. 

2.7.1 General Systematic Review 

An extensive literature review was carried out using HyDi, a tool offered by the 

University of Malta, which provides access to different databases, books, e-books, articles 

and digital media. 

Articles about medicinal cannabis dosage forms were reviewed using the PRISMA flow 

chart method (Moher et al, 2009). The databases ProQuest Central, Natural Science 

Collection, PubMed/Medline, DOAJ, Elsevier and EBSCO host Medline were used for 

the study. Advanced search strategy included the key words: (Subject contains:) ‘medical 

cannabis’ or ‘cannabis’, ‘medicinal cannabis’, ‘medical marijuana’, ‘marijuana’, 

‘cannabinoids’ and (Subject contains:) ‘dosage forms’ or ‘products’, ‘different dosage 

forms’, ‘formulations’, ‘forms’, ‘delivery systems’, ‘delivery methods’, ‘inhaled’, 

‘smoked’, ‘topical’, ‘oral’, ‘injected’.  

Literature published from 2010 until 2020 was included in the study. The year 2010 was 

selected as a starting point because there was an increase in the number of studies 

published compared to previous years, with a total of 208 articles related to cannabis 
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being published between 2010 and 2015.  The inclusion criteria were based on studies 

assessing any topic related to medicinal cannabis dosage form(s), since this was a general 

systematic search to identify the conducted studies about cannabis dosage forms (Table 

2.1). Studies evaluating human participants as cannabis users were considered for the 

effects of cannabis on humans. Cannabis dosage forms compared one-to-one with drug, 

placebo, tobacco, alcohol were included, since one-to-one comparisons could be relevant 

to observe effectivity or side effect profile. Studies including multiple substances such as 

addictive drugs and/or tobacco, alcohol had to include two dosage forms of cannabis as a 

minimum criterion for inclusion, to be able to identify cannabis-focused studies. The 

exclusion criteria included studies which do not specify the mode of cannabis 

administration and compare cannabis as a whole with tobacco, addictive drugs, alcohol, 

since the systematic search focused on cannabis dosage forms. Animal studies were 

excluded as the focus was not toxicology. Reviews were excluded to be able to evaluate 

the primary sources of the information. 

Table 2. 1 Inclusion and exclusion criteria for general systematic review 

Inclusion criteria Exclusion criteria 

Publication date between 2010-2020 

Published in English language & peer-

reviewed journals 

Include human participants as medicinal 

or recreational cannabis users or any 

volunteer to take part in the study 

Related to one or more medicinal 

cannabis dosage form(s) 

Compare cannabis dosage form one-to-

one with drug, placebo, tobacco or 

alcohol 

Compare two dosage forms of cannabis 

with drugs, placebo, tobacco and alcohol 

Publication date before 2010 

Published in language other than English 

Animal studies & reviews 

Studies do not focus any mode of 

cannabis administration 

Assess whether they use cannabis or not 

Studies with focus on cannabis addiction 

Compare cannabis with tobacco, 

addictive drugs, alcohol, without 

specification of dosage form 

Studies which could not be accessed 
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2.7.2 Systematic Review about Preferences on Cannabinoid Dosage Forms  

An extensive literature review was carried out using the tool HyDi. Patient surveys about 

medicinal cannabis dosage form preferences were reviewed using the PRISMA flow chart 

method (Moher et al, 2009). ProQuest Central, PubMed Central, Springer Standard 

Collection, Elsevier, EBSCO host Medline and EBSCO host Academic Search Ultimate 

databases were included in the study. 

Advanced search strategy included the key words: (Any field contains:) ‘medical 

cannabis’ or ‘cannabis’, ‘medicinal cannabis’, ‘medical marijuana’, ‘marijuana’, 

‘cannabinoids’ and (Any field contains:) ‘dosage forms’ or ‘products’, ‘different dosage 

forms’, ‘forms’, ‘delivery systems’, ‘delivery methods’, ‘administration methods’, 

‘administration’ and (Subject contains:) ‘survey’ or ‘patients survey’, ‘preference’, 

‘questionnaire’, ‘opinion’. 

Articles published between 2010 and 2020 were considered for the study. The year 2010 

was considered, because the increment in the number of studies published between the 

years 2010-2015 (n=63) was considerably higher compared to previous years. The 

inclusion criteria were based on surveys assessing opinions of patients on cannabis dosage 

forms, since the focus in this research was patients’ preferences for dosage forms of 

medicinal cannabis (Table 2.2). The exclusion criteria were studies assessing addiction 

or substance use as this study did not focus on cannabis addiction. Surveys of individuals 

other than patients or medicinal cannabis users and studies that do not include preferences 

on cannabis dosage forms were excluded to identify similar studies, since this study 

focused on opinions of patients or medicinal cannabis users on cannabis dosage forms. 
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Table 2. 2 Inclusion and exclusion criteria for systematic review about preferences 

Inclusion criteria Exclusion criteria 

Publication date between 2010-2020 

Published in English language & peer-

reviewed journals 

Include human participants as patients or 

medicinal cannabis users 

Opinions, likes and dislikes related to 

medicinal cannabis dosage forms 

Surveys related to one or more medicinal 

cannabis dosage forms 

Publication date before 2010 

Published in language other than English 

Surveys to individuals other than patients 

or medicinal cannabis users 

Do not include preferences on cannabis 

dosage forms 

Assess addiction, current or past cannabis 

or substance use 

Studies which could not be accessed 

 

 

2.8 List of Publications and Abstracts 

Two abstracts (Appendix 8) by Bereketoglu C, Sammut Bartolo N, Serracino-Inglott A 

entitled “Perception of delivery systems used for medicinal cannabis” and “Systematic 

reviews about medicinal cannabis dosage forms” were accepted for the FIP’s 80th World 

Congress of Pharmacy and Pharmaceutical Sciences to be held virtually in September 4-

25, 2020.  
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3. Results  
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3.1 Questionnaire Validation 

Two questionnaires were developed, one for medicinal cannabis users (MDMCU) and 

one for potential users (MDNMCU). Both questionnaires were validated using the Delphi 

Technique. 

3.1.1 Validation results for the medicinal cannabis users questionnaire 

The suggested changes received for the MDMCU English questionnaire during the first 

Delphi round are presented in Appendix 9. Suggestions included modifications to make 

the questionnaire more user friendly, to include the ‘Locality’ in the demographic section, 

to list some of the medical conditions as sub-section to other related medical conditions, 

to modify the time intervals used to evaluate the period participants have been using 

medicinal cannabis, the time they start feeling the desired effect and duration of the 

desired effect and to clarify what is the difference between the two questions. These 

changes were accepted to facilitate the understanding of question and avoid inaccurate 

responses. 

All questions were rated to be relevant by the panel. One out of six participants suggested 

to change the option for the gender, in the demographics section, from ‘other’ to 

‘intersex’. This suggestion was rejected since intersex does not cover all the possible 

sexes and other participants agreed with the option ‘other’. One participant suggested to 

add more health conditions in question 1, this was rejected since it was suggested by a 

minority of the panel and the ‘other (please specify……)’ option was provided in the 

answers and there could be a variety of reasons to use medicinal cannabis, therefore it 

was limited with the main medical conditions for which the use of medicinal cannabis is 

indicated in the literature. One out of six participants suggested to remove some of dosage 

forms of medicinal cannabis listed in question 12 and 13 and include only the existing 
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methods rather than all the options listed, it was explained to the participant that only 

available dosage forms of medicinal cannabis were included in the tables and since this 

change was suggested by minority, the change was rejected. One out of six participants 

highlighted that smoking or the use of electronic cigarette is illegal, it was clarified to the 

participant that this question does not look at the legality, but to assess the preferred 

method of delivery within all available forms of cannabis, since this was suggested by the 

minority of the panel, this change was rejected. 

The suggestions for the MDMCU English questionnaire was applied to the Maltese 

version of the questionnaire as the panel requested. Additional recommendations included 

changes to the wording of questions to facilitate the understanding of the questionnaire. 

These suggestions were accepted. 

3.1.2 Validation results for the potential medicinal cannabis users  

questionnaire 

The suggested changes received for the MDNMCU English questionnaire during the 

Delphi round are presented in Appendix 10. Suggestions included to add ‘Locality’ in the 

demographics section, to provide more choices beside yes and no options, to list possible 

reasons why participants would opt to use or not medicinal cannabis and to clarify the 

difference between the two questions that require ranking. The majority of the panel 

requested to clarify the difference between the questions 12 and 13 that require ranking 

as well as to change the structure of these two questions from ranking to rating on a 5-

point scale according to preference. These changes were accepted. 

All questions were rated to be relevant by the panel. Two members from the panel 

suggested to clarify whether in the question assessing if participants have ever tried 

cannabis, if the purpose of the question is medicinal or recreational. This question was 
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rated as highly relevant. One out of six participants suggested to remove the question 

which assesses why participants would opt not to start using medicinal cannabis if 

presented with the opportunity. Since this change was suggested by a minority, it was 

rejected. Another participant suggested to change the structure of the same question from 

open-ended to a multiple-choice question, with the addition of possible reasons not to 

start using medicinal cannabis. This suggestion was accepted and the suggested choices 

were introduced.  

Suggestions for the English MDNMCU questionnaire were applied to the Maltese version 

of the questionnaire together with changes to improve the ease of understanding of the 

questionnaire. 

3.2 The perception of medicinal cannabis users about their treatment   

The MDMCU questionnaire was disseminated to medicinal cannabis users at a Health 

Centre, a Pain Clinic and online. The questionnaire evaluated the perception about 

medicinal cannabis, duration of action and experienced side effects. 

3.2.1 Demographic data of users of medicinal cannabis 

A total of 87 participants answered the MDMCU (Table 3.1).  The majority of users (70%, 

n=61) were male. The mean age of medicinal cannabis users was 38.9 years (SD ±1.08 

years). Thirty percent (n=24) of the users had a secondary or tertiary (30%, n=24) 

educational level. The majority for users (85%, n=74) were Maltese nationals, while the 

other nationalities were English (n=3), German (n=2), Italian (n=2), Romanian (n=1), 

American (n=1), Norwegian (n=1), Icelandic (n=1), Polish (n=1) and Macedonian (n=1). 

The majority of the users population were from the Northern area (28%, n=19) followed 

by the Northern Harbour (26%, n=18) and Southern Harbour (25%, n=17). 
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Table 3. 1 Demographics of medicinal cannabis users (N=87) 

 Medicinal cannabis users 

Gender Female 

Male 

29.9% (26) 

70.1% (61) 

Age  30 years or less 

31-40 years 

41-50 years 

More than 50 years 

25.0% (21) 

34.5% (29) 

19.0% (16) 

21.4% (18) 

Level of Education Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

2.5% (2) 

30.0% (24) 

28.7% (23) 

30.0% (24) 

8.8% (7) 

Nationality Maltese 

Other 

85.1% (74) 

14.9% (13) 

Locality Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

25.0% (17) 

26.5% (18) 

13.2% (9) 

5.9% (4) 

27.9% (19) 

1.5% (1) 

 

 

3.2.2 Reasons for medicinal cannabis use 

The majority of the participants were using medicinal cannabis due to pain (51%, n=41), 

including fibromyalgia pain (n=7), arthritis pain (n=6), back pain (n=4), chronic pain 

(n=2), injury induced pain (n=2), pain in leg (n=2) and hip (n=1) and sciatica induced 

pain (n=1). Anxiety (35%, n=28) was the second most prevalent condition among 

medicinal cannabis users, this was followed by insomnia (18%, n=15), fibromyalgia 

(17%, n=14) and arthritis (14%, n=11). Two patients specified having migraine (n=1) and 

cluster headache (n=1) (Table 3.2). 
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Table 3. 2 Reasons for using medicinal cannabis (N=81) 

Medical Condition   Sample Size 

Alopecia 1.2% (1) 

Anxiety 34.6% (28) 
Arthritis 13.6% (11) 

Asthma 1.2% (1) 

Attention deficit hyperactivity disorder (ADHD) 4.9% (4) 

Cancer 2.5% (2) 

Chron's disease 1.2% (1) 

Chemotherapy-induced nausea and vomiting 1.2% (1) 

Concentration problem 1.2% (1) 

Depression 8.6% (7) 

Endometriosis 1.2% (1) 

Fibromyalgia 17.3% (14) 

Glaucoma 1.2% (1) 

Headache 3.7% (3) 

Hyperactivity 1.2% (1) 

Insomnia 18.5% (15) 

Irritable bowel syndrome (IBS) 4.9% (4) 

Loss of appetite 2.5% (2) 

Multiple hereditary exostosis 1.2% (1) 

Multiple sclerosis 1.2% (1) 

Obsessive compulsive disorder (OCD) 1.2% (1) 

Pain 50.6% (41) 
Psoriasis 1.2% (1) 

Restless leg syndrome 1.2% (1) 

Sciatica 1.2% (1) 

Spinal fluid leak 1.2% (1) 

Stress 7.4% (6) 
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Out of the 28 (100%) participants who use medicinal cannabis for anxiety, 11 participants 

(39%) use medicinal cannabis for treating anxiety on its own while 17 use it for other 

conditions beside anxiety (Table 3.3). Pain (25%, n=7), fibromyalgia (21%, n=6) and 

insomnia (21%, n=6) are the most prevalent conditions for the co-use of medicinal 

cannabis in anxiety. Four (36%) out of the 11 participants who are using medicinal 

cannabis for the anxiety only, are using Pedanios and/or Bedrocan flowers. Two 

participants who are using medicinal cannabis to treat cancer-induced pain, are also 

benefit from the properties of cannabis for chemotherapy-induced nausea and vomiting 

(CINV) and easing of insomnia respectively. Thirty-five (49%) out of 72 participants 

have made use of more than one type of medicinal cannabis to manage their condition. 

For all medical conditions except Chron’s disease, endometriosis and multiple hereditary 

exostosis (MHE) patients made use of Pedanios and/or Bedrocan flowers (Table 3.4). 

Table 3. 3 Conditions for which medicinal cannabis is used, beside anxiety (N=17) 

Conditions beside anxiety Sample Size 

Alopecia 

Arthritis 

Asthma 

Depression 

Fibromyalgia 

Insomnia 

IBS 

Loss of appetite 

OCD 

Pain 

Psoriasis 

Restless leg syndrome 

Spinal fluid leak 

Stress 

3.6% (1) 

3.6% (1) 

3.6% (1) 

7.1% (2) 

21.4% (6) 

21.4% (6) 

3.6% (1) 

3.6% (1) 

3.6% (1) 

25.0% (7) 

3.6% (1) 

3.6% (1) 

3.6% (1) 

14.3% (4) 
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Table 3. 4 Medicinal cannabinoids utilised according to medical conditions (N=72) 

Medical Condition Medicinal Cannabis Frequency in use Sample Size 

Anxiety Pedanios 22/1 

Pedanios 20/1 

Bedrocan 22 

Bediol 6/8 

CBD oil 

CBG oil 

37.5% (9) 

33.3% (8) 

54.2% (13) 

4.2% (1) 

37.5% (9) 

4.2% (1) 

24 

Arthritis Pedanios 22/1 

Pedanios 20/1 

Bedrocan 22 

CBD oil 

33.3% (3) 

66.7% (6) 

55.6% (5) 

88.9% (8) 

9 

Asthma Bedrocan 22 

CBD oil 

100.0% (1) 

100.0% (1) 

1 

ADHD Pedanios 22/1 

Pedanios 20/1 

Bedrocan 22 

Bediol 6/8 

CBD oil 

75.0% (3) 

75.0% (3) 

75.0% (3) 

25.0% (1) 

50.0% (2) 

4 

Cancer Pedanios 22/1 

CBD oil 

50.0% (1) 

100.0% (2) 

2 

Chron's disease Bediol 6/8 100.0% (1) 1 

CINV Pedanios 22/1 

CBD oil 

100.0% (1) 

100.0% (1) 

1 

Concentration problem Bedrocan 22 100.0% (1) 1 

Depression Pedanios 22/1 

Bedrocan 22 

Bediol 6/8 

CBD oil 

20.0% (1) 

80.0% (4) 

20.0% (1) 

60.0% (3) 

5 
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Table 3. 4 (cont.) Medicinal cannabinoids utilised according to medical conditions 

(N=72) 

Medical Condition Medicinal Cannabis Frequency in use Sample Size 

Endometriosis CBD oil 100.0% (1) 1 

Fibromyalgia Pedanios 22/1 

Pedanios 20/1 

Bedrocan 22 

Bediol 6/8 

CBD oil 

50/50 oil 

13.3% (2) 

33.3% (5) 

40.0% (6) 

26.7% (4) 

40.0% (6) 

6.7% (1) 

15 

Headache Pedanios 22/1 

Pedanios 20/1 

Bedrocan 22 

CBD oil 

33.3% (1) 

66.7% (2) 

66.7% (2) 

66.7% (2) 

3 

Hyperactivity Pedanios 22/1 100.0% (1) 1 

IBS Pedanios 22/1 

Pedanios 20/1 

Bedrocan 22 

Bediol 6/8 

CBD oil 

50/50 oil 

50.0% (2) 

50.0% (2) 

50.0% (1) 

25.0% (1) 

50.0% (2) 

25.0% (1) 

4 

Insomnia Pedanios 22/1 

Pedanios 20/1 

Bedrocan 22 

Bediol 6/8 

CBD oil 

CBG oil 

46.2% (6) 

15.4% (2) 

53.8% (7) 

7.7% (1) 

23.1% (3) 

7.7% (1) 

13 

Loss of appetite Pedanios 20/1 

Bedrocan 22 

CBD oil 

100.0% (2) 

50.0% (1) 

50.0% (1) 

2 

MHE CBD oil 100.0% (1) 1 
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Table 3. 4 (cont.) Medicinal cannabinoids utilised according to medical conditions 

(N=72) 

Medical Condition Medicinal Cannabis Frequency in use Sample Size 

Multiple sclerosis Pedanios 20/1 

Bedrocan 22 

CBD oil 

100.0% (1) 

100.0% (1) 

100.0% (1) 

1 

OCD Pedanios 22/1 

Pedanios 20/1 

Bedrocan 22 

CBD oil 

100.0% (1) 

100.0% (1) 

100.0% (1) 

100.0% (1) 

1 

Pain Pedanios 22/1 

Pedanios 20/1 

Bedrocan 22 

Bediol 6/8 

CBD oil 

33.3% (12) 

47.2% (17) 

47.2% (17) 

11.1% (4) 

66.7% (24) 

36 

Restless leg syndrome Pedanios 22/1 

Bedrocan 22 

100.0% (1) 

100.0% (1) 

1 

Spinal fluid leak Pedanios 22/1 

Pedanios 20/1 

CBD oil 

100.0% (1) 

100.0% (1) 

100.0% (1) 

1 

Stress Pedanios 22/1 

Pedanios 20/1 

Bedrocan 22 

CBD oil 

40.0% (2) 

40.0% (2) 

80.0% (4) 

40.0% (2) 

5 
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3.2.3 Period and type of medicinal cannabis use 

Thirty-four percent (n=27) of the participants had been using medicinal cannabis for a 

period of 1 to 6 months, followed by more than 18 months (19%, n=15) (Figure 3.1). 

 
Figure 3. 1 Period of Medicinal Cannabis Use (N=80) 

 

Seventy-four participants (85%) out of 87 answered the question about the type of 

medicinal cannabis they are currently using. Thirty-five participants made use of more 

than one type of medicinal cannabis. The majority of the participants (53%, n=39) use 

Bedrocan flower 22, followed by CBD oil (51%, n=38) (Figure 3.2). 
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Figure 3. 2 Types of medicinal cannabis utilised (N=74) 

 

Medicinal cannabis users were asked whether they have tried other types of medicinal 

cannabinoids other than Pedanios flowers, Bedrocan flower and CBD oil respectively. 

The majority (74%, n=56) of users did not try other types of medicinal cannabinoids. 

When asked to specify the type of medicinal cannabis they made use of, 3 participants 

stated that they had used cannabis concentrate and brownie forms of cannabis, followed 

by cannabis cookie (n=2), CBD vape (n=1), cheese (n=1), oil (n=1) and wax (n=1) forms 

of cannabis. 

3.2.4 Onset of the effect of medicinal cannabis 

Fifty-one percent (n=39) of participants achieve the desired effect of their medicinal 

cannabis within 1 to 15 minutes of taking the medication. This was followed by 

participants achieving an effect in a few seconds (25%, n=19) and within 15 to 60 minutes 

(17%, n=13). One participant perceived the onset of action to be between 3 to 5 hours 

(1%, n=1), one participant was unsure about the onset of the desired effect (1%, n=1). 
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Another participant highlighted that an effect was not achieved with the oil formulation 

of medicinal cannabis, but was told that the dose will be increased (1%, n=1). 

The desired effect is perceived within few seconds for flowers of Pedanios 22/1 (41%, 

n=11), Pedanios 20/1 (29%, n=8), Bedrocan 22 (35%, n=13) and CBD oil (21%, n=7) 

and within 1 to 15 minutes for Pedanios 22/1 (44%, n=12), Pedanios 20/1 (54%, n=15), 

Bedrocan 22 (49%, n=18), Bediol 6/8 (86%, n=6) flowers and CBD oil (41%, n=13) 

(Figure 3.3). The p-values for onset of the effect for Pedanios 22/1 (p=0.204), Pedanios 

20/1 (p=0.900), Bedrocan 22 (p=0.306), Bediol 6/8 (p=0.393) and CBD oil (p=0.113) 

were above the 0.050 criterion, indicating that the onset for perceiving medicinal cannabis 

effect do not differ significantly within each group of medicinal cannabis formulation 

users. Two participants selected the option ‘other’ for the type of medicinal cannabis and 

specified to perceive the desired effect within few seconds after using Cannabigerol 

(CBG) oil (n=1) and within 1 to 15 minutes after using 50/50 oil (n=1). 

 
Figure 3. 3 Onset of the effect of medicinal cannabinoids (N=66) 
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The time period necessary to obtain the desired effect after taking a dose of medicinal 

cannabis were evaluated across different age groups (Figure 3.4). Participants across all 

age groups, such as 30 years or less (59%, n=10), 31-40 years (48%, n=12), 41-50 years 

(57%, n=8) and more than 50 years (45%, n=8), mainly achieved an effect within 1 to 15 

minutes. The p-value (p=0.632) is above the 0.050 level of significance, indicating that 

time needed to reach the desired effect of medicinal cannabis does not differ remarkably 

across different ages. 

 
Figure 3. 4 Onset of the effect of medicinal cannabis according to age groups (N=74) 
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3.2.5 Effective period of medicinal cannabis  

When asked about the effective period of medicinal cannabis, some participants selected 

more than one answer, since they are concurrently using more than one type of medicinal 

cannabis. Thirteen percent (n=10) of the participants are having a short-term effect with 

medicinal cannabis, which remains effective for a period of 30 to 45 minutes. However 

the majority of participants are experiencing the desired effect for 1 to 2 hours (41%, 

n=32) followed by 2 to 3 hours (26%, n=20) (Figure 3.5). 

 

 
Figure 3. 5 Effective period of medicinal cannabis (N=78) 
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The effective time period was compared amongst different formulations of medicinal 

cannabis (Figure 3.6). The majority of the flower formulations such as Pedanios 22/1 

(41%, n=11), Pedanios 20/1 (43%, n=12), Bedrocan 22 (51%, n=19) as well as the CBD 

oil (37%, n=13) remain effective for 1 to 2 hours, followed by 2 to 3 hours by Pedanios 

22/1 (30%, n=8), Pedanios 20/1 (29%, n=8), Bedrocan 22 (22%, n=8) flowers and the 

CBD oil (23%, n=8). Bediol 6/8 users (43%, n=3) reported that the effect of medicinal 

cannabis lasted for 2 to 3 hours, followed by 3 to 4 hours (29%, n=2) and 6 to 12 hours 

(29%, n=2). Three percent (n=1) of the participants using Bedrocan flower and 14% (n=1) 

using Bediol flower experience prolong effect lasting from 12 to 72 hours. Two 

participants selected the option ‘other’ and specified that they are using CBG oil (n=1) 

with a perceived effect lasting for 1 to 2 hours and 50/50 oil (n=1) with the desired effect 

lasting for 3 to 4 hours. 

 
Figure 3. 6 Effective period of different formulations of cannabinoids (N=67) 
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The participants within the age groups 30 years or less (50%, n=9), 31-40 years (36%, 

n=9), 41-50 years (36%, n=5) and more than 50 years (50%, n=9) are experiencing the 

desired effect of their medicinal cannabis for 1 to 2 hours (Figure 3.7). Forty percent 

(n=10) of the participants within the 31-40 years of age group and other age groups such 

as 30 years or less (17%, n=3), 41-50 years (14%, n=2) and 50 years and more (22%, 

n=4) experience an effect for 2 to 3 hours. Twenty-one percent (n=3) of participants aged 

between 41-50 years experience an effect for 6 to 12 hours. The p-values for effective 

periods of 30 to 45 minutes (p=0.870), 1 to 2 hours (p=0.529), 2 to 3 hours (p=0.250), 3 

to 4 hours (p=0.657), 4 to 6 hours (p=0.964), 6 to 12 hours (p=0.102) and 12 to 72 hours 

(p=0.386) were above the 0.050 criterion. This indicates that the period which medicinal 

cannabis remains effective do not differ meaningfully across different age groups. 

 
Figure 3. 7 Effective period of medicinal cannabis across age groups (N=75) 
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3.2.6 Side effects of medicinal cannabinoids 

Side effects experienced by medicinal cannabis users are demonstrated in Figure 3.8. 

More than half of the participants (56%, n=44) feel hungry when they take medicinal 

cannabis, this is followed by feeling energised (51%, n=40), sleepy (44%, n=34) and 

feeling high (33%, n=26). Some participants feel dizzy (5%, n=4), calm and peaceful 

(4%, n=3), nauseated (3%, n=2) and more alert (1%, n=1). One participant specified that 

the effects are strain dependent, sometimes he would be feeling energised and other times 

feeling sleepy (1%, n=1). 

 
Figure 3. 8 Side effects of medicinal cannabinoids (N=78) 
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Participants using Pedanios 22/1 (63%, n=17), Pedanios 20/1 (79%, n=22), Bediol 6/8 

(86%, n=6) and CBD oil (57%, n=20) are likely to feel more energised (Figure 3.9). 

Bedrocan 22 flower users are likely to sense more hunger (73%, n=27), followed by 

feeling energised (59%, n=22), sleepy (46%, n=17) and high (40%, n=15). Users of 

Pedanios 22/1 (8%, n=2), Pedanios 20/1 (4%, n=1) and Bedrocan 22 (5%, n=2) reported 

a feeling of calmness and peacefulness. Some CBD oil users feel dizzy (9%, n=3) and 

more alert (3%, n=1) after taking medicinal cannabis. One participant specified that 

Pedanios flower makes him feel energised and hungry, and that Bedrocan flower gives 

him hunger and a ‘high’ feeling. Two participants selected the option ‘other’ and reported 

to feel energised and high when using CBG oil (n=1) and hungry, energised and high 

when using 50/50 oil (n=1). 

 
Figure 3. 9 Side effects among different formulations of cannabinoids (N=67) 
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The side effects experienced by the user population were correlated with the period of 

medicinal cannabis use (Figure 3.10). Participants who had started using medicinal 

cannabis for less than a week reported that they felt sleepy (50%, n=3), hungry (50%, 

n=3), energised (33%, n=2) and high (33%, n=2) post administration of their medicine. 

These effects were observed to remain, regardless of the length of time they used 

medicinal cannabis for. Dizziness was reported to be experienced by some participants 

using medicinal cannabis for a period between 1 to 6 months (4%, n=1), 6 to 12 months 

(9%, n=1) and more than 18 months (7%, n=1). The p-values for energised (p=0.114), 

hungry (p=0.666), sleepy (p=0.677), high feeling (p=0.320), dizzy (p=0.809), calm and 

peaceful (p=0.545), nauseated (p=0.791), strain dependent (p=0.495) and more alert 

(p=0.850) exceeded the 0.050 level of significance. This shows that side effects 

experienced with post administration of medicinal cannabis are similar regardless of the 

time period medicinal cannabis was started. 

 
Figure 3. 10 Side effects according to period of medicinal cannabis use (N=74) 
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Side effects experienced by user population after administering their medicinal cannabis 

were correlated with different age categories (Figure 3.11). Participants aged between 30 

years or less felt sleepy (61%, n=11), followed by hungry (50%, n=9), high (50%, n=9) 

and energised (44%, n=8) after administering their medicinal cannabis. Groups aged 

between 31-40 years (62%, n=16) and 41-50 years (69%, n=9) felt hungry, followed by 

energised (31-40years=46%, 41-50years=54%), sleepy (31-40years=42%, 41-50years=39%) 

and high (31-40years=31%, 41-50years=15%). Participants aged 50 years or more felt 

energised (61%, n=11), followed by hungry (44%, n=8), high (33%, n=6) and sleepy 

(28%, n=5). The p-values for feeling energised (p=0.484), hungry (p=0.750), sleepy 

(p=0.399), high (p=0.242), dizzy (p=0.237), calm and peaceful (p=0.116), nauseated 

(p=0.442), strain dependent (p=0.589) and more alert (p=0.589) were above the 0.050 

criterion, indicating that side effects with medicinal cannabis use do not differ 

significantly between the age groups and medicinal cannabis users population mainly feel 

energised, hungry, sleepy and high regardless of their age. 

 
Figure 3. 11 Side effects of medicinal cannabinoids according to age (N=75) 
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Side effects resulted with the use of medicinal cannabis were correlated with gender 

(Table 3.5). More than half (56%, n=30) of the male participants and 42% (n=10) of the 

female participants felt energised. P-values for feeling energised (p=0.374), hungry 

(p=1), sleepy (p=0.607), high (p=0.794), dizzy (p=0.764), calm and peaceful (p=1), 

nauseated (p=0.169), strain dependent (p=1) and more alert (p=0.675) were calculated 

and all exceeded the 0.050 level of significance. This indicates that side effects resulted 

with the use of medicinal cannabis do not differ significantly between males and females. 

Table 3. 5 Side effects of medicinal cannabinoids according to gender (N=78) 

 

Gender 

Female (n=24) Male (n=54) 

Side effects of medicinal 

cannabis 
Energised 41.7% (10) 55.6% (30) 

Hungry 58.3% (14) 55.6% (30) 

Sleepy 50.0% (12) 40.7% (22) 

"High" feeling 37.5% (9) 31.5% (17) 

Dizzy 8.3% (2) 3.7% (2) 

 Calm and peaceful 4.2% (1) 3.7% (2) 

Nauseated 8.3% (2) 0.0% (0) 

Strain dependent 0.0% (0) 1.9% (1) 

More alert 4.2% (1) (0.0% (0) 
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3.2.7 The ease of medicinal cannabis administration 

Medicinal cannabis users were asked to rate how easy it is to administer their current 

medicinal cannabis ranging from 1 to 5, where 1 corresponds to very easy and 5 

corresponds to very difficult (Figure 3.12). The types of medicinal cannabis stated in the 

option ‘other’ included cannabis concentrate (n=3) and brownie (n=3), cannabis cookie 

(n=2), CBD vape (n=1), 50/50 oil (n=1), cheese (n=1) and wax (n=1) forms of cannabis. 

The mean rating scores for the different types of medicinal cannabis range between 1.78 

and 2.14, indicating that patients on average find the administration of their medicinal 

cannabis easy. The error bars overlap and the p-value (p=0.913) exceeds the 0.050 

criterion, indicating that the mean rating scores for medicinal cannabis administration do 

not differ significantly between various types of medicinal cannabis. 

 
Figure 3. 12 Ease of administering medicinal cannabinoids (N=80) 
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3.2.8 Switching to another mode of medicinal cannabis administration  

Medicinal cannabis users were asked whether they would like to switch to another form 

of medicinal cannabis. Fifty-five percent (n=41) of the participants do not want to switch 

to another form, while 45% (n=33) of the participants would like to switch.  

The wish to switch to another mode of medicinal cannabis administration or not was 

compared to the type of medicinal cannabis they are currently using (Table 3.6). The 

majority of the participants using Pedanios flower 22/1 (52%, n=13), Pedanios flower 

20/1 (54%, n=15), Bediol flower 6/8 (57%, n=4) and CBD oil (60%, n=21) respectively, 

reported to be in favour of switching to another mode of medicinal cannabis 

administration. P-values for Pedanios 22/1 (p=1), Pedanios 20/1 (p=0.789), Bediol 6/8 

(p=1) flowers and CBD oil (p=0.151) exceeded the 0.050 level of significance. Sixty-six 

percent (n=23) of the Bedrocan 22 flower users do not want to switch their mode of 

medicinal cannabis administration significantly with a p-value (p=0.016) below the 0.050 

criterion. 

Table 3. 6 Switching to another mode of administration according to current mode 

(N=65) 

 Would you switch to another mode of cannabis 

administration? 

Yes No 

Pedanios flower 22/1 52.0% (13) 48.0% (12) 

Pedanios flower 20/1 53.6% (15) 46.4% (13) 

Bedrocan flower 22 34.3% (12) 65.7% (23) 

Bediol flower 6/8 57.1% (4) 42.9% (3) 

CBD oil 60.0% (21) 40.0% (14) 

CBG oil 0.0% (0) 100.0% (1) 

50/50 oil 0.0% (0) 100.0% (1) 

 

 

 



81 

 

When participants were asked why they would like to switch to another form of medicinal 

cannabis administration, the majority of the respondents (n=11) stated that they wanted 

to compare their current method of administration to alternatives, followed by due to the 

experienced health effects (n=8) (Table 3.7). The majority of participants (n=19) do not 

want to switch to another mode of administration because of the effectiveness of the 

medication which they are currently taking. 

Table 3. 7 Reasons for users to switch or not their medicinal cannabis dosage form 

 Category Number of 

respondents 

Examples of the responses 

obtained 

Reasons why 

participants 

want to switch 

to another mode 

of 

administration 

To compare with 

other alternatives 

11 “To see what works best”; 

“I would change the 

method for some time, then 

will return back to the first 

method” 

Experienced 

health effects 

8 “Because it is good” 

To improve taste 

and smell 

4 “I would like edibles”; 

“the CBD oil I am currently 

taking has a very bad taste 

which makes me feel sick 

for a good 6 hours” 

Inconvenience in 

use 

4 “To make it easier for 

taking my medication at 

work” 

Reasons why 

participants do 

not want to 

switch to 

another mode of 

administration 

Effectiveness 19 “It works well for me” 

Complexity in 

process 

8 “Availability”; 

“it is not easy to get legal 

cannabis” 

Ease of 

administration 

7 “It is comfortable and easy 

to vaporize or make tea” 

Health concerns 5 “My health”; 

“I prefer it in its natural 

state” 
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3.3 The perception of potential medicinal cannabis users 

The MDNMCU questionnaire was distributed to potential users of medicinal cannabis. 

The questionnaire assessed the perception of potential users about medicinal cannabis, 

including whether they would be willing to make use of this drug. 

3.3.1 Demographic data of potential medicinal cannabis users  

A total of 100 participants answered the MDNMCU questionnaire (Table 3.8).  The 

majority of potential medicinal cannabis users (56%, n=55) were male. The mean age of 

potential users was 40.5 years (SD ±1.20 years). Twenty-six percent (n=25) of the 

potential users had a post-secondary and 25% (n=24) had a tertiary level of education. 

Ninety-four percent (n=91) of the potential users were Maltese, while the 6% (n=6) were 

Filipino (n=2), Greek (n=2), Portuguese (n=1) and Spanish (n=1). The majority of the 

potential users population were from the Southern Harbour (35%, n=32) and South 

Eastern area (27%, n=24). 
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Table 3. 8 Demographics of potential medicinal cannabis users (N=100) 

 Potential users of medicinal 

cannabis 

Gender Female 

Male 

43.8% (43)  

56.1% (55)  

Age  30 years or less 

31-40 years 

41-50 years 

More than 50 years 

30.4% (28) 

29.3% (27) 

10.9% (10) 

29.3% (27) 

Level of 

Education 

Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

4.1% (4) 

23.9% (23) 

26.0% (25) 

25.0% (24) 

20.8% (20) 

Nationality Maltese 

Other 

93.8% (91) 

6.1% (6) 

Locality Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

35.5% (32) 

15.5% (14) 

26.7% (24) 

13.3% (12) 

6.6% (6) 

2.2% (2) 

 

3.3.2 Current pain medication use 

Current use of pain medication was evaluated for potential users of medicinal cannabis. 

Ninety-three out of 100 respondents answered this question. Seventy-four percent (n=69) 

of the respondents do not make use of any pain medications. The majority of participants 

take two pain medications (49%, n=17) to be able to control their pain, followed by one 

pain medication (40%, n=14) (Figure 3.13). 
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Figure 3. 13 Number of pain medications administered by potential users (N=35) 

 

Participants were asked whether they are benefitting from their pain treatment. Forty-six 

percent (n=16) of the potential users of medicinal cannabis stated that they are able to 

control their pain with their current pain medication, 29% (n=10) are unable to control 

their pain, while 26% (n=9) are unsure. 
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3.3.3 Conditions for prospective medicinal cannabis use 

Potential users of medicinal cannabis were asked for which conditions they would use 

medicinal cannabis (Table 3.9). The majority of participants would use medicinal 

cannabis for pain (63%, n=62), followed by cancer (45%, n=44), fibromyalgia (36%, 

n=35), epilepsy (16%, n=16) and multiple sclerosis (16%, n=16). 

Table 3. 9 Conditions for which participants would consider using medicinal 

cannabis (N=98) 

Medical Condition Sample size 

Anxiety 15.3% (15) 

Arthritis 15.3% (15) 

Asthma 1.0% (1) 

ADHD 2.0% (2) 

Blood pressure 1.0% (1) 

Cancer 44.9% (44) 

CINV 11.2% (11) 

Depression 5.1% (5) 

Epilepsy 16.3% (16) 

Fibromyalgia 35.7% (35) 

General mental wellbeing 1.0% (1) 

Glaucoma 1.0% (1) 

If my doctor recommends 2.0% (2) 

Injury 1.0% (1) 

Insomnia 1.0% (1) 

IBS 2.0% (2) 

Multiple sclerosis 16.3% (16) 

Obsessive compulsive disorder 1.0% (1) 

Pain 63.2% (62) 

Parkinson's Disease 1.0% (1) 

Stroke 1.0% (1) 

Stress 6.1% (6) 

Thrombosis induced pain 1.0% (1) 

Weight 2.0% (2) 
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Participants were asked to rate the intensity of pain from 1 to 5, where 1 is mild pain and 

5 is severe pain, for which the use of medicinal cannabis is required. Ninety (90%) 

participants responded this question. The majority of the respondents (32%, n=29) 

considered severe pain to warrant the use of medicinal cannabis. This was followed by 

moderate pain (28%, n=25), moderate to severe pain (25%, n=23), mild to moderate pain 

(9%, n=8) and mild pain (6%, n=5). 

3.3.4 Experience of potential users with cannabis 

When asked whether they have ever tried cannabis before, 50% (n=50) of the participants 

stated that they had tried it before. Participants have tried a variety of cannabis dosage 

forms (Figure 3.14), with the more popular way of consuming cannabis was using 

cannabis cigarette (84%, n=42)  followed  by electronic cigarette or vape (26%, n=13). 

 
Figure 3. 14 Dosage forms of cannabinoids administered by potential users (N=50) 

 

Eighty-seven percent (n=40) of participants who tried cannabis stated that cannabis 

helped them feel better. 
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When the feeling obtained when using cannabis was compared to the type of dosage form 

used (Table 3.10) it was observed that the majority of the participants who used cannabis 

as a cigarette (90%, n=36), cannabis cookie (89%, n=8) and tincture drop (83%, n=5) 

forms had considerably high responses. Participants who used cannabis as an injection 

(n=1) and eye drop (n=1) did not answer this question. 

Table 3. 10 Aid of cannabis dosage forms for potential users (N=45) 

 

Did cannabis help you feel better? 

Yes No 

Dosage forms 

administered 
Cannabis cigarette 90.0% (36) 10.0% (4) 

Electronic cigarette or vape 100.0% (13) 0.0% (0) 

Inhaler or nebuliser 100.0% (2) 0.0% (0) 

Tablet or capsule 100.0% (1) 0.0% (0) 

Cannabis cookie 88.9% (8) 11.1% (1) 

Drinking oil 100.0% (7) 0.0% (0) 

Tincture drop 83.3% (5) 16.7% (1) 

Tea 100.0% (2) 0.0% (0) 

 

 

3.3.5 Commencing medicinal cannabis use  

Participants were asked whether they would start using medicinal cannabis if presented 

with the opportunity. Eighty-five percent (n=83) of participants would start using 

medicinal cannabis if presented with the possibility, while 5% (n=5) stated that they 

would not and 10% (n=10) were unsure. 
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The level of agreement of potential users was correlated to the number of pain 

medications taken. Most of the participants currently taking one (86%, n=12) or two 

(65%, n=11) pain medications would be willing to begin using medicinal cannabis if 

presented with the opportunity. All participants currently taking 3 (100%, n=3) or more 

than 3 (100%, n=1) medications would be willing to start using medicinal cannabis. When 

correlating the willingness to start using medicinal cannabis with the number of pain 

medications taken, a p-value of 0.592, which exceeds the 0.050 level of significance was 

obtained, which indicates that the differences in level of agreement for medicinal 

cannabis to be started do not differ meaningfully across number of pain medications 

administered. 

The level of agreement of starting to use medicinal cannabis was assessed in relation to 

success with pain management (Figure 3.15). Eighty percent (n=8) of the participants 

who stated that their current medication is not successfully controlling the pain, would 

like to start using medicinal cannabis. This was followed by 78% (n=7) of participants 

who are unsure about whether their pain is successfully controlled with the current 

treatment. When the willingness to start using medicinal cannabis was correlated with the 

pain control with the current pain medication, a p-value of 0.797 was obtained, which 

indicates that the differences in preferences of starting medicinal cannabis do not differ 

significantly relative to pain control.  
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Figure 3. 15 Commencing medicinal cannabis according to pain control (N=35) 

 

The level of agreement for potential users in commencing the use of medicinal cannabis 

in relation to prior cannabis administration are displayed in Figure 3.16. Ninety-six 

percent (n=48) of the participants with prior cannabis use would be willing to start using 

medicinal cannabis. The majority of participants (73%, n=36) who have never tried 

cannabis would be willing to start medicinal cannabis if provided. Differences in 

preferences for starting medicinal cannabis were found to be statistically significant in 

relation to prior cannabis administration with a p-value of 0.007. This indicates that, 

someone who has never tried cannabis would be more reluctant to start using medicinal 

cannabis compared to individuals with prior cannabis exposure. 
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Figure 3. 16 Commencing medicinal cannabis according to prior administration 

(N=99) 

 

The effect experienced by participants when trying cannabis was correlated with the 

willingness to start using medicinal cannabis. Nearly all of the participants who tried 

cannabis and benefitted from it (97%, n=39) would be willing to start using medicinal 

cannabis if introduced with the opportunity. The majority of respondents (83%, n=5) who 

did not feel better when taking cannabis would be willing to begin using medicinal 

cannabis. There is a statistically significant difference in the level of agreement for 

starting medicinal cannabis use with a p-value of 0.031, which is lower than the 0.050 

level of significance. This indicates that, individuals who benefitted from the trial of 

cannabis would be more willing to start using medicinal cannabis compared to those who 

did not benefit from the trial and might be more hesitant to start using it. 
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When respondents were asked why they would be willing to start using medicinal 

cannabis, 58% (n=50) stated that they heard of others who have benefitted from the 

treatment and that they have been reading a lot about it (49%, n=42) (Table 3.11).  

Reasons for not being willing to start using medicinal cannabis included being afraid of 

long-term health consequences (38%, n=13) and being afraid of the social implications 

(29%, n=10). 

Table 3. 11 Reasons to start using medicinal cannabis or not 

 
Sample size 

Reasons 

for using 

medicinal 

cannabis 

(N=85) 

I have been reading a lot about it 

I have heard of others who benefitted 

My doctor has already suggested it 

Mainstream medication is not enough 

I would simply like to try 

Neutral 

If my doctor recommends it 

It is natural and organic 

My family helps me a lot 

It is regulated 

In severe pain only 

I have tried it and it worked 

It helped in what antidepressants did not 

49.4% (42) 

58.1% (50) 

14.0% (12) 

27.9% (24) 

15.1% (13) 

1.2% (1) 

2.3% (2) 

2.3% (2) 

1.2% 1) 

1.2% (1) 

1.2% (1) 

1.2% (1) 

1.2% (1) 

Reasons 

for not 

using 

medicinal 

cannabis 

(N=34) 

I do not believe it has any therapeutic value 

I do not believe it will help me but it might help others 

I would not know from where to start 

I am afraid of side-effects 

I am afraid of long-term health consequences 

It is difficult to get a doctor to prescribe it 

The whole process is too complicated 

I am afraid of the social implications 

I cannot carry it with me 

I would like to use more evaluated medicine before 

8.8% (3) 

14.7% (5) 

20.6% (7) 

26.5% (9) 

38.2% (13) 

17.6% (6) 

26.5% (9) 

29.4% (10) 

2.9% (1) 

2.9% (1) 
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3.4 Preferred methods of administration for medicinal cannabis 

Medicinal cannabis users and potential users of medicinal cannabis were asked to rate 

different types of dosage forms from 1 to 5, according to their level of preference, where 

1 is the least preferred and 5 is the most preferred. The dosage forms were divided into 2 

sections, one section was related to dosage forms administered orally, rectally and 

systemically and the other section consisted of dosage forms administered topically or via 

inhalation. 

3.4.1 Oral, rectal and systemic dosage form preferences of medicinal 

cannabis 

Dosage form preferences for orally, rectally and systemically administered medicinal 

cannabis by users (n=72) and potential users (n=82) of medicinal cannabis are presented 

in Table 3.12. Medicinal cannabis users rated cookies or other food items (n=66), tea 

(n=65) and drinking oil (n=72) as the most preferred method of administering cannabis 

orally, followed by cannabis water (n=64) and vegetarian capsule (n=65). The preferred 

method of administration by potential users were cannabis water (n=79), followed by 

vegetarian capsule (n=79) and tea (n=83). The mean rating scores for injection (Mean 

Scoreusers=1.20, Mean Scorepotential users=1.61) are the lowest indicating the least preferred 

method of administration by both groups, followed by suppository (Mean Scoreusers=1.36, 

Mean Scorepotential users=1.61). A statistically significant difference in the mean rating 

scores of round tablet (p=0.004), caplet (p=0.001), capsule (p=0.008) and injection 

(p=0.022) was observed between the two groups with p-values lower than the 0.050 level 

of significance, these dosage forms were in favour of potential users of medicinal 

cannabis group. 
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Table 3. 12 Oral, rectal and systemic dosage form preferences of medicinal cannabis 

(N=154) 

Form Group Sample size Mean Std. Dev. p-value 

Round tablet Users 

Potential users 

62 

80 

2.44 

3.23 

1.386 

1.676 

0.004 

Caplet Users 

Potential users 

62 

78 

2.39 

3.29 

1.383 

1.530 

0.001 

Capsule Users 

Potential users 

61 

79 

2.62 

3.28 

1.293 

1.484 

0.008 

Vegetarian capsule Users 

Potential users 

65 

79 

3.08 

3.51 

1.303 

1.440 

0.051 

Buccal tablet Users 

Potential users 

60 

75 

2.27 

2.45 

1.219 

1.436 

0.564 

Sublingual tablet Users 

Potential users 

61 

74 

2.43 

2.61 

1.372 

1.479 

0.521 

Cookies or other food 

items 
Users 

Potential users 

66 

80 

3.68 

3.26 

1.349 

1.628 

0.178 

Tea Users 

Potential users 

65 

83 

3.58 

3.45 

1.310 

1.571 

0.862 

Drinking oil Users 

Potential users 

72 

82 

3.53 

3.16 

1.353 

1.637 

0.220 

Suppository Users 

Potential users 

61 

76 

1.36 

1.61 

0.984 

1.167 

0.141 

Injection Users 

Potential users 

64 

76 

1.20 

1.61 

0.760 

1.212 

0.022 

Water Users 

Potential users 

64 

79 

3.30 

3.57 

1.422 

1.566 

0.168 
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Users who would prefer switching to another mode of medicinal cannabis administration 

were selected. Preferences for orally, rectally and systemically administered dosage forms 

of cannabis among selected medicinal cannabis users were evaluated. The mean rating 

scores of selected dosage forms and their respective standard deviation is presented in 

Figure 3.17. Participants show interest in taking their medicinal cannabis as cookies or 

other food items (n=28), these were followed by tea (n=27), water (n=24), drinking oil 

(n=29) and vegetarian capsule (n=25), capsule (n=25), sublingual tablet (n=25), caplet 

(n=24), round tablet (n=24), buccal tablet (n=23), suppository (n=24) and injection 

(n=25) dosage forms. Significant differences in preferences were observed with pairwise 

comparisons with p-values below the 0.050 criterion, this indicated that medicinal 

cannabis users who would be willing to switch their dosage form would prefer using 

cookies or other food items significantly more than buccal tablet (p=0.015), round tablet 

(p=0.021) and caplet (p=0.036) forms. They prefer vegetarian capsule (pinj=0.003, 

psupp=0.006), drinking oil (pinj=0.000, psupp=0.000), cookies or other food items 

(pinj=0.000, psupp=0.000), tea (pinj=0.000, psupp=0.000) and water (pinj=0.000, psupp=0.001) 

forms significantly more than injection and suppository. They prefer capsule (pinj=0.049) 

form more than the injection form.  
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Figure 3. 17 Mean rating scores of selected medicinal cannabis users on oral, rectal 

and systemic dosage forms (N=29) 

 

Dosage form preferences of users and potential users of medicinal cannabis for orally, 

rectally and systemically administered medicinal cannabis were evaluated according to 

the age (Table 3.13). A statistically significant difference was observed for the mean 

rating scores for round tablets with a p-value of 0.026, which is lower than the 0.050 

criterion. Round tablets were not favoured with the 31-40 years age group (Mean Score 

1.91) and were preferred by participants above 50 years (Mean score 3.63). A low mean 

rating score (<2) was observed for suppositories and injections, across all age groups. 

For potential users, a statistically significant difference was found for the mean rating 

scores for capsule (p=0.028) and drinking oil (p=0.008) with p-values lower than the 

0.050 criterion. Capsules were not so popular for the less than 30 years age group (Mean 

Score 2.63) but were popular between 41 years and older groups (Mean score 3.86). 

Drinking oil was not so popular among the >50 years age group (Mean Score 2.22) but 

was very popular between ages of 31 and 40 years (Mean Score 3.81). 
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Table 3. 13 Oral, rectal and systemic dosage form preferences according to age 

 Medicinal Cannabis 

Users (N=69) 

Potential Medicinal 

Cannabis Users (N=75) 

 Form Age group Sample  Mean p-value Sample  Mean p-value 

Round tablet 30 years or less 

31-40 years 

41-50 years 

More than 50 years 

19 

22 

10 

8 

2.74 

1.91 

2.50 

3.63 

0.026 25 

22 

7 

21 

2.92 

3.00 

3.57 

3.57 

0.475 

 

Caplet 30 years or less 

31-40 years 

41-50 years 

More than 50 years 

19 

23 

10 

7 

2.47 

2.04 

2.90 

3.14 

0.224 23 

21 

7 

22 

2.83 

2.95 

3.43 

3.95 

0.065 

 

Capsule 30 years or less 

31-40 years 

41-50 years 

More than 50 years 

18 

23 

10 

7 

2.61 

2.35 

2.90 

3.43 

0.223 24 

21 

7 

22 

2.63 

3.05 

3.86 

3.86 

0.028 

 

Vegetarian 

capsule 
30 years or less 

31-40 years 

41-50 years 

More than 50 years 

20 

22 

11 

9 

3.20 

2.55 

3.45 

3.67 

0.067 24 

21 

8 

23 

2.92 

3.43 

3.50 

4.04 

0.062 

 

Buccal tablet 30 years or less 

31-40 years 

41-50 years 

More than 50 years 

19 

22 

10 

6 

2.37 

1.86 

2.30 

2.83 

0.219 22 

20 

6 

21 

2.14 

2.25 

3.00 

2.62 

0.576 

 

Sublingual 

tablet 
30 years or less 

31-40 years 

41-50 years 

More than 50 years 

19 

22 

10 

7 

2.53 

2.09 

2.20 

3.29 

0.237 23 

20 

5 

21 

2.26 

2.55 

4.00 

2.62 

0.139 
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Table 3.13 (cont.) Oral, rectal and systemic dosage form preferences according to 

age 

 Medicinal Cannabis 

Users (N=69) 

Potential Medicinal 

Cannabis Users (N=75) 

 Form Age group Sample  Mean p-value Sample  Mean p-value 

Cookies or 

other food 

items 

30 years or less 

31-40 years 

41-50 years 

More than 50 years 

20 

23 

10 

10 

3.80 

3.78 

3.20 

3.60 

0.732 26 

20 

7 

20 

3.65 

3.35 

3.71 

2.55 

0.171 

 

Tea 30 years or less 

31-40 years 

41-50 years 

More than 50 years 

19 

23 

10 

10 

3.47 

3.78 

3.50 

3.50 

0.932 25 

22 

7 

23 

3.56 

3.73 

2.86 

3.39 

0.742 

 

 

 

Drinking oil 30 years or less 

31-40 years 

41-50 years 

More than 50 years 

21 

24 

15 

9 

3.29 

3.50 

3.60 

4.00 

0.504 24 

21 

9 

23 

3.42 

3.81 

3.78 

2.22 

0.008 

 

Suppository 30 years or less 

31-40 years 

41-50 years 

More than 50 years 

19 

22 

10 

7 

1.26 

1.32 

1.60 

1.57 

0.888 24 

20 

6 

21 

1.29 

1.50 

2.33 

1.76 

0.211 

 

Injection 30 years or less 

31-40 years 

41-50 years 

More than 50 years 

19 

23 

12 

7 

1.05 

1.04 

1.42 

1.86 

0.170 24 

20 

6 

21 

1.29 

1.35 

2.17 

2.00 

0.187 

 

Water 30 years or less 

31-40 years 

41-50 years 

More than 50 years 

20 

22 

11 

8 

3.15 

3.18 

3.45 

3.63 

0.794 24 

3.50 

3.67 

3.54 

3.67 

3.50 

3.67 

3.54 

0.962 
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Preferences of medicinal cannabis users for oral, rectal and systemic dosage forms did 

not differ significantly between males and females, since the p-values exceeded the 0.050 

level of significance (Table 3.14). For potential users, a statistically significant difference 

was observed for the mean rating scores for suppositories with a p-value of 0.013 which 

is lower than the 0.050 criterion. Females (Mean Score 1.91) rated suppositories higher 

than males (Mean Score 1.27). 

Table 3. 14 Oral, rectal and systemic dosage form preferences according to gender 

 Medicinal Cannabis 

Users (N=66) 

Potential Medicinal 

Cannabis Users (N=81) 

 Form Gender Sample Mean  p-value Sample Mean  p-value 

Round tablet Female 

Male 

16 

46 

2.63 

2.37 

0.056 

 

36 

42 

3.42 

3.10 

0.396 

 

Caplet Female 

Male 

16 

46 

2.44 

2.37 

0.534 

 

34 

42 

3.59 

3.10 

0.172 

 

Capsule Female 

Male 

16 

45 

2.44 

2.69 

0.906 

 

35 

42 

3.63 

3.00 

0.072 

 

Vegetarian capsule Female 

Male 

16 

49 

3.19 

3.04 

0.535 

 

35 

43 

3.86 

3.21 

0.055 

 

Buccal tablet Female 

Male 

16 

44 

2.38 

2.23 

0.730 

 

31 

42 

2.23 

2.57 

0.321 

 

Sublingual tablet Female 

Male 

17 

44 

2.65 

2.34 

0.834 

 

31 

41 

2.42 

2.73 

0.386 

 

Cookies or other food 

items 
Female 

Male 

18 

48 

3.72 

3.67 

0.588 

 

33 

45 

3.18 

3.29 

0.962 

 

Tea Female 

Male 

17 

48 

3.47 

3.63 

0.719 

 

36 

45 

3.39 

3.44 

0.854 

 

Drinking oil Female 

Male 

22 

50 

3.77 

3.42 

0.829 

 

35 

45 

2.74 

3.47 

0.061 

 

Suppository Female 

Male 

16 

45 

1.63 

1.27 

0.316 

 

33 

41 

1.91 

1.27 

0.013 

 

Injection Female 

Male 

17 

47 

1.12 

1.23 

0.506 

 

33 

41 

1.79 

1.39 

0.113 

 

Water Female 

Male 

16 

48 

3.00 

3.40 

0.764 

 

35 

42 

3.77 

3.38 

0.248 
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Preferences for oral rectal and systemic dosage forms of medicinal cannabis were 

assessed in relation to level of education (Table 3.15). For medicinal cannabis users, a 

statistically significant difference was observed for the mean rating scores for caplets with 

a p-value 0.048 which is lower than the 0.050 level of significance. Caplets were preferred 

by participants with a tertiary level of education (Mean Score 3.00) when compared with 

primary level of education (Mean Score 1.00). For potential users, a statistically 

significant difference was observed for cookies or other food items (p=0.012) and 

injection (p=0.009) forms with p-values lower than the 0.050 criterion. Cookies or other 

food items were preferred by participants having post-secondary educational level (Mean 

Score 3.80) and rated lower by individuals with a primary level of education (Mean Score 

1.00). In contrast, injection was preferred by participants having a primary level of 

education (Mean Score 2.75) compared to individuals with a post-graduate level of 

education (Mean Score 1.00). 

Preferences for oral, rectal and systemic dosage forms of cannabis varied marginally 

across different localities in the medicinal cannabis users group, since the p-values were 

above the 0.050 criterion. For potential users of medicinal cannabis, a statistically 

significant difference was observed for tablets (p=0.032) with a p-value lower than the 

0.050 criterion, this indicates that round tablets are preferred by residents from the South 

Eastern area of Malta (Mean Score 3.96) and not so preferred by Northern Harbour (Mean 

Score 2.00) and Gozo (Mean Score 1.00) habitants (Table 3.16). 
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Table 3. 15 Oral, rectal and systemic dosage form preferences according to 

education level 

 Medicinal Cannabis 

Users (N=66) 

Potential Medicinal 

Cannabis Users (N=79) 

 Form Education level Sample Mean p-value Sample Mean p-value 

Round tablet Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

1 

17 

15 

19 

6 

1.00 

2.76 

1.67 

2.79 

2.50 

0.054 4 

15 

19 

21 

17 

5.00 

2.80 

2.74 

3.67 

3.35 

0.063 

 

Caplet Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

1 

17 

16 

19 

6 

1.00 

2.53 

1.87 

3.00 

2.00 

0.048 4 

14 

19 

20 

17 

4.50 

2.86 

3.21 

3.55 

3.29 

0.366 

Capsule Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

1 

17 

15 

19 

6 

3.00 

2.94 

2.27 

3.05 

1.67 

0.116 

 

4 

13 

20 

20 

18 

4.75 

2.92 

3.15 

3.25 

3.44 

0.265 

 

Vegetarian 

capsule 

Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

1 

17 

16 

20 

6 

3.00 

3.24 

2.81 

3.20 

3.00 

0.916 

 

4 

15 

21 

20 

16 

4.25 

3.87 

3.43 

3.20 

3.50 

0.480 

 

Buccal tablet Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

1 

16 

15 

19 

6 

4.00 

2.31 

2.07 

2.26 

2.67 

0.589 

 

4 

12 

19 

21 

15 

2.00 

2.08 

2.32 

2.52 

2.87 

0.569 

 

Sublingual 

tablet 

Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

1 

17 

15 

19 

6 

4.00 

2.59 

2.00 

2.42 

3.17 

0.374 

 

4 

12 

18 

20 

16 

2.50 

2.00 

2.50 

2.85 

2.94 

0.419 
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Table 3.15 (cont.) Oral, rectal and systemic dosage form preferences according to 

education level 

 Medicinal Cannabis 

Users (N=66) 

Potential Medicinal 

Cannabis Users (N=79) 

 Form Education level Sample Mean p-value Sample Mean p-value 

Cookies or 

other food 

items 

Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

1 

18 

17 

20 

6 

5.00 

3.56 

3.59 

3.65 

4.00 

0.707 

 

3 

16 

20 

20 

17 

1.00 

2.44 

3.80 

3.60 

3.59 

0.012 

 

Tea Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

1 

18 

16 

20 

6 

5.00 

3.50 

3.56 

3.40 

4.33 

0.410 

 

4 

15 

22 

20 

18 

3.00 

2.73 

3.95 

3.55 

3.56 

0.313 

 

Drinking oil Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

1 

21 

18 

21 

6 

5.00 

3.71 

3.33 

3.43 

3.00 

0.588 

 

4 

15 

21 

20 

18 

2.00 

3.20 

3.19 

2.95 

3.67 

0.388 

 

Suppository Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

1 

17 

15 

19 

6 

1.00 

1.59 

1.13 

1.32 

1.67 

0.478 

 

4 

12 

19 

20 

17 

1.00 

2.17 

1.42 

1.90 

1.06 

0.070 

Injection Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

1 

17 

16 

20 

6 

1.00 

1.35 

1.00 

1.35 

1.00 

0.331 4 

12 

19 

20 

17 

2.75 

2.25 

1.16 

1.85 

1.00 

0.009 

Water Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

1 

17 

16 

19 

6 

5.00 

3.53 

3.25 

3.16 

3.67 

0.629 4 

13 

20 

22 

16 

2.75 

3.54 

3.45 

3.95 

3.44 

0.622 
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Table 3. 16 Oral, rectal and systemic dosage form preferences according to locality 

 Medicinal Cannabis 

Users (N=57) 

Potential Medicinal 

Cannabis Users (N=75) 

 Form Locality Sample Mean p-value Sample Mean p-value 

Round tablet Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

13 

14 

7 

3 

12 

1 

2.77 

1.71 

2.86 

2.33 

2.67 

1.00 

0.233 27 

9 

23 

8 

5 

1 

3.37 

2.00 

3.96 

3.63 

2.60 

1.00 

0.032 

 

Caplet Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

13 

14 

7 

3 

13 

1 

2.46 

1.64 

2.86 

2.33 

2.85 

1.00 

0.212 26 

9 

23 

7 

5 

1 

3.27 

2.56 

4.00 

3.29 

3.60 

1.00 

0.134 

Capsule Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

13 

14 

7 

2 

13 

1 

2.54 

2.57 

2.71 

3.00 

2.54 

1.00 

0.853 

 

26 

9 

23 

8 

5 

1 

3.19 

2.56 

3.91 

3.63 

3.00 

1.00 

0.143 

 

Vegetarian 

capsule 

Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

15 

14 

7 

3 

13 

1 

3.33 

2.86 

3.14 

3.33 

3.15 

1.00 

0.657 

 

26 

11 

23 

6 

5 

1 

3.58 

3.36 

3.96 

3.33 

3.20 

1.00 

0.402 

 

Buccal tablet Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

13 

13 

7 

3 

12 

1 

1.92 

2.23 

2.29 

1.33 

2.92 

1.00 

0.253 

 

24 

8 

22 

7 

5 

2 

2.46 

2.00 

2.27 

2.86 

2.60 

3.00 

0.866 

 

Sublingual 

tablet 

Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

13 

14 

7 

3 

13 

1 

2.00 

2.57 

2.29 

1.00 

2.92 

1.00 

0.191 

 

25 

8 

21 

7 

5 

1 

3.00 

2.00 

2.38 

2.86 

2.40 

1.00 

0.455 
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Table 3.16 (cont.) Oral, rectal and systemic dosage form preferences according to 

locality 

 Medicinal Cannabis 

Users (N=57) 

Potential Medicinal 

Cannabis Users (N=75) 

 Form Locality Sample Mean p-value Sample Mean p-value 

Cookies or 

other food 

items 

Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

15 

14 

7 

3 

13 

1 

3.67 

3.93 

3.14 

4.33 

3.38 

5.00 

0.493 

 

25 

9 

23 

10 

4 

1 

2.76 

3.00 

3.74 

3.40 

3.25 

3.00 

0.436 

 

Tea Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

14 

14 

7 

3 

13 

1 

3.86 

3.64 

3.00 

3.00 

3.62 

5.00 

0.424 

 

26 

10 

24 

9 

5 

1 

3.00 

3.30 

3.96 

2.78 

3.60 

5.00 

0.144 

 

Drinking oil Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

16 

14 

7 

3 

16 

1 

3.75 

3.29 

3.29 

2.67 

3.56 

4.00 

0.821 

 

26 

12 

23 

7 

5 

1 

2.85 

3.92 

2.78 

3.14 

2.60 

5.00 

0.287 

 

Suppository Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

13 

14 

7 

3 

12 

1 

1.31 

1.14 

1.57 

1.67 

1.67 

1.00 

0.863 

 

25 

8 

22 

8 

5 

1 

1.48 

1.25 

1.68 

1.25 

2.20 

1.00 

0.510 

 

Injection Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

14 

14 

7 

3 

14 

1 

1.07 

1.07 

1.57 

1.00 

1.29 

1.00 

0.973 25 

8 

22 

8 

5 

1 

1.68 

1.00 

1.68 

1.13 

2.00 

1.00 

0.478 

 

Water Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

14 

14 

7 

3 

13 

1 

2.86 

3.36 

3.43 

3.33 

3.62 

4.00 

0.842 26 

9 

22 

7 

5 

1 

2.92 

3.78 

4.09 

3.86 

4.20 

3.00 

0.170 

 

 



104 

 

Dosage form preferences of the users group were assessed according to the five most 

prevalent medical conditions that they are using medicinal cannabis for (Table 3.17). The 

mean rating scores range from 1 to 5, where 1 corresponds to the least preferred and 5 

corresponds to the most preferred administration method. Participants with anxiety 

(n=20) and pain (n=18) prefer cookies or other food items as dosage forms of medicinal 

cannabis, while participants with arthritis (n=7) and insomnia (n=14) prefer tea form and 

those with fibromyalgia (n=11) prefer drinking oil. 

Table 3. 17 Mean rating scores for users preferences according to medical condition 

medicinal cannabis is used for (N=61) 
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Round tablet 2.15 1.28 2.00 2.29 2.00 

Caplet 2.05 1.86 2.00 2.36 2.11 

Capsule 2.55 2.86 2.45 2.64 2.61 

Vegetarian capsule 3.05 3.00 3.09 3.29 3.22 

Buccal tablet 2.35 2.00 2.55 2.29 2.67 

Sublingual tablet 2.50 2.00 2.91 2.57 2.67 

Cookies or other food items 4.10 3.44 3.45 4.00 4.28 

Tea 3.85 4.33 3.09 4.14 4.06 

Drinking oil 3.50 4.00 3.82 3.57 3.56 

Suppository 1.25 1.14 1.18 1.36 1.28 

Injection 1.05 1.00 1.09 1.29 1.11 

Water 3.45 2.86 3.00 3.79 3.72 
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Dosage form preferences of potential users group were evaluated according to the five 

most prevalent medical conditions for which they would use medicinal cannabis (Table 

3.18). Participants suggesting the use of medicinal cannabis for fibromyalgia (n=24), 

multiple sclerosis (n=12) and pain (n=45) prefer using vegetarian capsules, while those 

suggesting medicinal cannabis for epilepsy (n=14) and cancer (n=44) prefer cannabis 

cookies or other food items and cannabis water respectively. 

Table 3. 18 Mean rating scores for potential users preferences according to medical 

condition cannabis would be used (N=78) 
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Round tablet 3.21 3.50 3.29 3.42 3.36 

Caplet 3.27 3.36 3.42 3.25 3.47 

Capsule 3.52 3.29 3.67 3.83 3.42 

Vegetarian capsule 3.76 3.50 4.00 3.83 3.60 

Buccal tablet 2.36 2.43 2.25 2.42 2.36 

Sublingual tablet 2.73 2.71 2.54 2.92 2.53 

Cookies or other food items 3.39 3.64 3.08 3.75 3.11 

Tea 3.39 3.43 3.46 3.33 3.22 

Drinking oil 2.73 3.50 3.21 3.25 3.00 

Suppository 1.91 1.14 1.67 1.92 1.67 

Injection 1.79 1.36 1.46 1.50 1.51 

Water 3.91 3.29 3.96 3.58 3.47 
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Dosage form preferences of users were evaluated according to the medicinal cannabis 

currently being used (Table 3.19). Pedanios 22/1 (n=20), Pedanios 20/1 (n=19) and 

Bedrocan 22 (n=29) flowers and CBD oil (n=27) users rated cannabis cookies or other 

food items as the most preferred compared to other dosage forms, while Bediol 6/8 (n=6) 

users rated sublingual tablets as the most preferred form.  

Table 3. 19 Mean rating scores for users preferences according to current medicinal 

cannabis (N=54) 
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Round tablet 2.20 2.11 2.28 2.50 2.48 

Caplet 2.15 2.21 2.28 2.50 2.48 

Capsule 2.60 2.79 2.59 3.00 2.81 

Vegetarian capsule 2.95 2.84 2.97 3.17 3.19 

Buccal tablet 2.35 2.32 2.34 3.17 2.48 

Sublingual tablet 2.55 2.53 2.45 3.83 2.44 

Cookies or other food items 3.65 3.95 3.83 2.67 4.00 

Tea 3.45 3.32 3.41 3.17 3.93 

Drinking oil 3.30 3.42 3.34 3.33 3.70 

Suppository 1.45 1.37 1.45 1.00 1.41 

Injection 1.30 1.11 1.21 1.33 1.11 

Water 3.30 3.37 3.45 3.67 3.67 
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Preferences of potential users for oral, rectal and systemic forms were evaluated 

according to previously administered cannabis dosage form(s). The mean rating scores of 

the five mainly used dosage forms are exhibited in Table 3.20. Tea was rated with higher 

scores among users of cannabis cigarette (n=25) and cannabis cookie (n=6), while 

drinking oil was preferred more than other forms among electronic cigarette or vape 

(n=6), drinking oil (n=5) and tincture drop (n=5) users. One participant who injected 

cannabis rated the injection form with the lowest possible score (Mean Score 1.00). 

Table 3. 20 Mean rating scores for potential users preferences according to dosage 

forms administered (N=34) 
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Round tablet 2.28 1.50 2.67 2.20 1.80 

Caplet 2.36 2.00 2.67 2.00 2.60 

Capsule 2.60 2.50 3.00 2.60 3.80 

Vegetarian capsule 3.04 3.00 3.17 3.00 4.00 

Buccal tablet 2.20 2.33 1.83 2.20 2.60 

Sublingual tablet 2.40 2.17 2.00 2.20 2.80 

Cookies or other food items 3.76 4.00 4.33 4.00 2.60 

Tea 3.96 4.50 4.50 4.20 4.00 

Drinking oil 3.92 4.67 4.33 4.80 4.20 

Suppository 1.12 1.00 1.17 1.00 1.80 

Injection 1.00 1.17 1.00 1.20 1.80 

Water 3.08 3.33 3.67 2.80 4.20 
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3.4.2 Topical and inhalation dosage form preferences of medicinal 

cannabis 

Preferences for topical and inhalation dosage forms of medicinal cannabis by users (n=71) 

versus potential users (n=89) of medicinal cannabis were evaluated (Table 3.21). The 

mean rating scores range from 1 to 5, where 1 corresponds to the least preferred and 5 

corresponds to the most preferred administration method. Medicinal cannabis users rated 

cannabis cigarette (n=71), tincture (n=67) and electronic cigarette (n=63) as the most 

preferred method to administer cannabis topically or via inhalation, followed by applying 

oil on skin (n=62) and inhaler (n=66) forms. Potential users prefer patches (n=78), 

tincture (n=83) and balm or ointment (n=74), followed by inhaler (n=79) and cream 

(n=76). The mean rating scores for eye drop (Mean Scoreusers=2.23, Mean Scorepotential 

users=2.07) are the lowest indicating the least preferred method of administration by both 

groups, this is followed by nebuliser (Mean Scoreusers=2.32, Mean Scorepotential users=2.37). 

Differences in mean rating scores were found to be statistically significant in cannabis 

cigarette (p=0.000) and electronic cigarette (p=0.004) as the p-values are nearly zero, 

these dosage forms were in favour of medicinal cannabis users group. 
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Table 3. 21 Topical and inhalation dosage form preferences of medicinal cannabis 

(N=160) 

 

 

 

 

 

 

Form Group Sample size Mean Std. Dev. p-value 

Cannabis cigarette Users 

Potential users 

71 

89 

3.89 

2.80 

1.347 

1.785 

0.000 

Electronic cigarette Users 

Potential users 

63 

81 

3.41 

2.60 

1.509 

1.671 

0.004 

Inhaler Users 

Potential users 

66 

79 

3.12 

3.03 

1.295 

1.561 

0.766 

Nebuliser Users 

Potential users 

63 

76 

2.32 

2.37 

1.401 

1.365 

0.772 

Spray Users 

Potential users 

58 

80 

2.90 

2.98 

1.320 

1.518 

0.701 

Tincture Users 

Potential users 

67 

83 

3.60 

3.11 

1.207 

1.608 

0.092 

Cream Users 

Potential users 

62 

76 

3.03 

2.99 

1.201 

1.579 

0.904 

Balm or Ointment Users 

Potential users 

63 

74 

3.10 

3.05 

1.214 

1.516 

0.928 

Shampoo, Conditioner, 

Body wash 
Users 

Potential users 

62 

75 

2.77 

2.73 

1.311 

1.501 

0.790 

Apply oil on skin Users 

Potential users 

62 

78 

3.15 

2.95 

1.353 

1.537 

0.451 

Eye drop Users 

Potential users 

60 

75 

2.23 

2.07 

1.267 

1.319 

0.321 

Patch Users 

Potential users 

60 

78 

2.87 

3.13 

1.371 

1.631 

0.322 
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Users who would prefer switching to another mode of medicinal cannabis administration 

were selected. Preferences for topical and inhalation dosage forms of cannabis among 

selected medicinal cannabis users were evaluated. The mean rating scores of selected 

dosage forms and their respective standard deviation is presented in Figure 3.18. 

Participants show interest in administering their medicinal cannabis as cannabis cigarette 

(n=30), this is followed by tincture (n=29), electronic cigarette (n=26), balm or ointment 

(n=27), cream (n=27), apply oil on skin (n=25), patch (n=25), inhaler (n=26), spray 

(n=23), shampoo, conditioner or body wash (n=25), eye drop (n=25) and nebuliser (n=23) 

dosage forms. Significant differences in preferences were observed with pairwise 

comparisons with p-values below the 0.050 criterion, this indicated that medicinal 

cannabis users who would be willing to switch their dosage form would prefer using 

cannabis cigarette (p=0.002), tincture (p=0.010), electronic cigarette (p=0.041) and balm 

or ointment (p=0.004) forms significantly more than nebuliser form of cannabis. 

 
Figure 3. 18 Mean rating scores of selected medicinal cannabis users on topical and 

inhalation dosage forms (N=30) 
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Preferences for topical and inhalation dosage forms of medicinal cannabis across different 

age groups were evaluated for users and potential users of medicinal cannabis (Table 

3.22). For medicinal cannabis users, a statistically significant difference was found for 

spray form with a p-value (p=0.036) below the 0.050 criterion. Participants above 50 

years of age (Mean Score 4.33) rated spray higher compared to participants aged between 

31 and 40 years (Mean Score 2.57). 

For potential users, statistically significant differences were observed for cannabis 

cigarette (p=0.032) and tincture (p=0.020) with p-values less than the 0.050 level of 

significance. Participants of 30 years or less (Mean Score 3.46) rated cannabis cigarette 

higher compared to participants who are >50 years old (Mean Score 2.00). Participants 

within the 41-50 years (Mean Score 3.88) age group, rated tincture higher compared to 

the >50 years of age group (Mean Score 2.43). 
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Table 3. 22 Topical and inhalation dosage form preferences according to age 

 Medicinal Cannabis   

Users (N=68) 

Potential Medicinal 

Cannabis Users (N=81) 

 Form Age group Sample  Mean  p-value Sample  Mean  p-value 

Cannabis 

cigarette 
30 years or less 

31-40 years 

41-50 years 

More than 50 years 

19 

23 

12 

14 

4.11 

4.22 

3.25 

3.64 

0.175 28 

24 

6 

23 

3.46 

2.67 

2.50 

2.00 

0.032 

 

Electronic 

cigarette 
30 years or less 

31-40 years 

41-50 years 

More than 50 years 

19 

23 

12 

6 

4.00 

3.17 

3.00 

3.33 

0.227 26 

22 

5 

21 

2.88 

2.86 

2.20 

1.90 

0.131 

 

Inhaler 30 years or less 

31-40 years 

41-50 years 

More than 50 years 

17 

24 

12 

10 

3.24 

2.67 

3.42 

3.60 

0.175 25 

21 

7 

21 

2.84 

3.10 

3.86 

2.76 

0.423 

 

Nebuliser 30 years or less 

31-40 years 

41-50 years 

More than 50 years 

18 

22 

11 

9 

2.28 

2.50 

2.00 

2.44 

0.813 25 

20 

6 

20 

2.08 

2.65 

2.83 

2.15 

0.268 

 

Spray 30 years or less 

31-40 years 

41-50 years 

More than 50 years 

18 

21 

10 

6 

2.72 

2.57 

2.80 

4.33 

0.036 26 

21 

6 

22 

2.65 

3.24 

4.17 

2.64 

0.084 

 

Tincture 30 years or less 

31-40 years 

41-50 years 

More than 50 years 

19 

23 

14 

8 

3.37 

3.52 

3.50 

4.50 

0.130 26 

21 

8 

23 

3.00 

3.81 

3.88 

2.43 

0.020 
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Table 3.22 (cont.) Topical and inhalation dosage form preferences according to age 

 Medicinal Cannabis 

Users (N=68) 

Potential Medicinal 

Cannabis Users (N=81) 

 Form Age group Sample Mean p-value Sample Mean p-value 

Cream 30 years or less 

31-40 years 

41-50 years 

More than 50 years 

19 

22 

10 

8 

3.16 

2.73 

2.70 

3.75 

0.138 24 

21 

6 

20 

2.83 

3.14 

3.33 

3.00 

0.886 

 

Balm or 

Ointment 
30 years or less 

31-40 years 

41-50 years 

More than 50 years 

19 

22 

10 

9 

3.16 

2.77 

3.00 

3.67 

0.274 24 

20 

6 

19 

2.79 

3.25 

3.33 

3.21 

0.653 

 

Shampoo, 

Conditioner, 

Body wash 

30 years or less 

31-40 years 

41-50 years 

More than 50 years 

19 

22 

10 

8 

2.84 

2.64 

2.40 

3.38 

0.492 23 

21 

6 

20 

2.65 

3.00 

2.83 

2.70 

0.872 

 

Apply oil on 

skin 
30 years or less 

31-40 years 

41-50 years 

More than 50 years 

20 

21 

11 

7 

3.15 

2.86 

3.09 

4.00 

0.304 26 

21 

6 

19 

2.69 

3.14 

3.00 

3.16 

0.692 

 

Eye drop 30 years or less 

31-40 years 

41-50 years 

More than 50 years 

18 

22 

10 

7 

2.22 

2.09 

2.20 

2.86 

0.716 24 

20 

6 

20 

2.00 

2.05 

2.67 

2.05 

0.538 

 

Patch 30 years or less 

31-40 years 

41-50 years 

More than 50 years 

18 

22 

10 

7 

2.56 

2.68 

3.00 

3.86 

0.226 25 

3.14 

3.75 

3.74 

2.52 

3.14 

3.75 

3.74 

0.056 
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Preferences for topical and inhalation dosage forms of medicinal cannabis were evaluated 

between males and females (Table 3.23). No statistically significant differences were 

observed in mean preference scores of users, since the p-values exceeded the 0.050 

criterion. For potential users, statistically significant differences were observed for 

cannabis cigarette (p=0.004) and electronic cigarette (p=0.010) with p-values less than 

the 0.050 level of significance. Males preferred cannabis cigarette (Mean Score 3.26) and 

electronic cigarette (Mean Score 2.98) forms more than females. 

Table 3. 23 Topical and inhalation dosage form preferences according to gender 

 Medicinal Cannabis 

Users (N=71) 

Potential Medicinal 

Cannabis Users (N=87) 

 Form Gender Sample Mean p-value Sample Mean p-value 

Cannabis cigarette Female 

Male 

22 

49 

3.77 

3.94 

0.559 34 

53 

2.03 

3.26 

0.004 

 

Electronic cigarette Female 

Male 

19 

44 

3.11 

3.55 

0.279 32 

47 

2.00 

2.98 

0.010 

 

Inhaler Female 

Male 

19 

47 

3.26 

3.06 

0.615 34 

43 

3.15 

2.88 

0.482 

 

Nebuliser Female 

Male 

19 

44 

2.47 

2.25 

0.701 32 

42 

2.44 

2.26 

0.511 

 

Spray Female 

Male 

17 

41 

3.00 

2.85 

0.730 35 

43 

3.17 

2.74 

0.192 

 

Tincture Female 

Male 

21 

46 

3.71 

3.54 

0.562 35 

46 

3.23 

2.96 

0.419 

 

Cream Female 

Male 

17 

45 

3.18 

2.98 

0.738 32 

42 

2.91 

2.98 

0.875 

 

Balm or Ointment Female 

Male 

17 

46 

3.24 

3.04 

0.588 30 

42 

3.03 

3.00 

0.911 

 

Shampoo, Conditioner, 

Body wash 
Female 

Male 

16 

46 

2.50 

2.87 

0.267 31 

42 

2.87 

2.60 

0.438 

 

Apply oil on skin Female 

Male 

17 

45 

3.18 

3.13 

0.910 32 

44 

3.06 

2.77 

0.405 

 

Eye drop Female 

Male 

16 

44 

2.00 

2.32 

0.414 31 

42 

2.00 

2.10 

0.711 

 

Patch Female 

Male 

16 

44 

3.25 

2.73 

0.185 32 

44 

3.25 

3.02 

0.523 
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Preferences for topical and inhalation dosage forms of medicinal cannabis in relation to 

level of education were evaluated (Table 3.24). Differences in mean preference scores 

within the users group did not differ significantly with the p-values exceeding the 0.050 

criterion. For potential users group, statistically significant differences were observed for 

cannabis cigarette (p=0.002), electronic cigarette (p=0.023) and inhaler (p=0.034) forms 

with p-values below the 0.050 level of significance. This indicates that, cannabis cigarette 

(Mean Score 3.58), electronic cigarette (Mean Score 3.45) and inhaler (Mean Score 3.83) 

are very popular with respondents who had post-secondary level of education and not so 

popular with respondents who had primary level of education (Mean Scores 1.00). 

Preferences for topical and inhalation dosage forms of medicinal cannabis were evaluated 

according to locality (Appendix 11) for users and potential users of medicinal cannabis. 

For both users and potential users groups p-values exceeded the 0.050 level of 

significance, this indicates that mean preference scores do not vary significantly across 

different regions. 
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Table 3. 24 Topical and inhalation dosage form preferences according to education 

level 

 Medicinal Cannabis 

Users (N=66) 

Potential Medicinal 

Cannabis Users (N=85) 

 Form Education level Sample Mean p-value Sample Mean p-value 

Cannabis 

cigarette 
Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

2 

18 

20 

19 

7 

5.00 

3.89 

3.95 

3.74 

3.86 

0.628 3 

20 

24 

21 

17 

1.00 

3.35 

3.58 

1.81 

2.47 

0.002 

 

Electronic 

cigarette 
Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

1 

16 

19 

18 

6 

5.00 

2.88 

3.58 

3.61 

3.67 

0.326 3 

15 

22 

20 

17 

1.00 

2.33 

3.45 

2.00 

2.59 

0.023 

Inhaler Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

2 

16 

18 

19 

6 

3.50 

3.44 

2.61 

3.47 

2.33 

0.145 

 

3 

16 

18 

20 

18 

1.00 

2.75 

3.83 

3.10 

2.83 

0.034 

 

Nebuliser Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

2 

17 

17 

17 

5 

4.00 

2.47 

2.00 

2.59 

1.20 

0.085 

 

3 

13 

19 

20 

17 

1.67 

2.62 

2.74 

2.20 

2.12 

0.558 

 

Spray Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

1 

16 

16 

17 

5 

3.00 

3.31 

2.56 

3.18 

1.80 

0.174 

 

3 

15 

20 

20 

18 

1.67 

2.53 

3.40 

3.15 

2.94 

0.261 

 

Tincture Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

1 

19 

18 

19 

6 

4.00 

3.79 

3.56 

3.47 

2.83 

0.593 

 

3 

17 

21 

21 

17 

2.00 

3.71 

2.86 

3.05 

3.18 

0.313 
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Table 3.24 (cont.) Topical and inhalation dosage form preferences according to 

education level 

 Medicinal Cannabis 

Users (N=66) 

Potential Medicinal 

Cannabis Users (N=85) 

 Form Education level Sample Mean p-value Sample Mean p-value 

Cream Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

1 

17 

17 

18 

6 

2.00 

3.18 

3.00 

2.83 

3.17 

0.817 

 

3 

14 

19 

20 

16 

2.00 

3.07 

3.16 

2.70 

3.31 

0.567 

 

Balm or 

Ointment 
Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

1 

17 

17 

18 

6 

4.00 

3.18 

2.94 

3.00 

3.17 

0.904 

 

3 

12 

19 

20 

16 

1.67 

3.00 

3.37 

2.85 

3.31 

0.372 

 

Shampoo, 

Conditioner, 

Body wash 

Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

1 

17 

17 

17 

6 

4.00 

3.00 

2.94 

2.35 

2.33 

0.383 

 

3 

14 

19 

19 

16 

1.33 

2.50 

3.00 

2.74 

3.00 

0.410 

 

Apply oil on 

skin 
Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

1 

17 

18 

16 

6 

4.00 

3.41 

3.22 

2.56 

3.00 

0.435 3 

13 

20 

21 

17 

2.00 

3.00 

3.10 

2.86 

3.00 

0.831 

 

Eye drop Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

1 

17 

16 

17 

6 

4.00 

2.35 

1.88 

2.35 

2.00 

0.456 3 

13 

19 

20 

16 

2.33 

2.23 

2.37 

2.00 

1.69 

0.769 

Patch Primary 

Secondary 

Post-secondary 

Tertiary 

Post-graduate 

1 

17 

16 

17 

6 

3.00 

2.88 

2.69 

3.06 

2.67 

0.939 3 

14 

20 

20 

17 

3.67 

3.07 

3.00 

3.60 

2.88 

0.695 
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Preferences of users group for topical and inhalation dosage forms was assessed 

according to the five most prevalent medical conditions for which they specified that they 

are using medicinal cannabis for (Table 3.25). The mean rating scores range from 1 to 5, 

where 1 indicates the least preferred and 5 indicates the most preferred administration 

method. Participants with anxiety (n=21), arthritis (n=6) and insomnia (n=14) rated 

cannabis cigarette as the most preferred dosage form, while participants with 

fibromyalgia (n=11) and pain (n=17) prefer the tincture form. 

Table 3. 25 Mean rating scores for users preferences according to medical condition 

medicinal cannabis is used for (N=67) 
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P
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7
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Cannabis cigarette 4.14 4.33 3.18 3.79 3.76 

Electronic cigarette 3.10 2.67 2.36 3.29 3.06 

Inhaler 3.14 2.00 3.00 3.21 2.47 

Nebuliser 2.24 1.33 2.18 2.21 1.53 

Spray 2.95 2.67 3.55 2.71 2.94 

Tincture 3.67 4.00 4.00 3.71 3.82 

Cream 3.05 3.17 3.09 3.00 3.41 

Balm or Ointment 3.05 3.83 3.27 3.07 3.65 

Shampoo, body wash 2.67 3.17 2.45 2.64 3.41 

Apply oil on skin 2.57 3.33 3.18 2.57 3.47 

Eye drop 2.05 1.83 1.73 2.00 2.06 

Patch 2.62 3.00 3.55 2.57 3.18 
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Dosage form preferences of potential users group were evaluated according to the five 

most prevalent medical conditions for which they would use medicinal cannabis. Mean 

rating scores are presented in Table 3.26. Participants suggesting using medicinal 

cannabis for multiple sclerosis (n=13) rated sprays as the most preferred dosage form, 

while for epilepsy (n=13) the cream form was preferred. Cannabis patch was the most 

preferred form among cancer (n=35), fibromyalgia (n=25) and pain (n=46) groups and 

second most preferred form among epilepsy (Mean Score 2.80) and multiple sclerosis 

(Mean Score 3.31) groups. 

Table 3. 26 Mean rating scores for potential users preferences according to medical 

condition cannabis would be used (N=88) 
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Cannabis cigarette 2.14 2.62 1.96 2.15 2.11 

Electronic cigarette 2.03 2.38 2.00 2.23 2.22 

Inhaler 2.80 2.38 2.40 2.69 2.78 

Nebuliser 2.26 1.85 2.40 2.15 2.41 

Spray 3.34 2.69 2.96 3.38 2.96 

Tincture 3.03 2.38 3.00 2.31 2.89 

Cream 3.11 2.85 3.04 2.77 2.87 

Balm or Ointment 2.97 2.77 2.88 2.77 2.96 

Shampoo, body wash 2.86 2.62 2.68 2.85 2.76 

Apply oil on skin 3.14 2.77 2.88 2.77 2.98 

Eye drop 2.17 1.62 2.08 1.85 1.91 

Patch 3.37 2.80 3.10 3.31 3.25 
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Users currently making use of Pedanios 22/1 (n=18), Pedanios 20/1 (n=17) and Bedrocan 

22 (n=25) flowers rated cannabis cigarette as the most preferred dosage form. Bediol 6/8 

flower (n=6) and CBD oil (n=23) users preferred the tincture form more than other forms. 

Bediol 6/8 flower users prefer electronic cigarettes and tinctures of medicinal cannabis, 

with both dosage forms obtaining a mean rating score of 3.83. CBD oil users prefer 

cannabis ointments and tinctures with both dosage forms obtaining a mean score of 3.65 

(Table 3.27).  

Table 3. 27 Mean rating scores for users preferences according to current medicinal 

cannabis (N=61) 
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Cannabis cigarette 4.22 4.00 4.04 3.17 3.52 

Electronic cigarette 3.44 3.29 3.32 3.83 3.22 

Inhaler 2.94 2.82 3.16 2.83 3.13 

Nebuliser 2.22 1.88 2.36 1.67 2.04 

Spray 2.89 2.88 2.76 3.00 3.30 

Tincture 3.56 3.65 3.44 3.83 3.65 

Cream 2.94 3.24 3.00 2.83 3.48 

Balm or Ointment 3.11 3.59 3.12 3.00 3.65 

Shampoo, body wash 2.72 3.06 2.80 2.00 3.26 

Apply oil on skin 2.72 3.35 2.96 2.67 3.48 

Eye drop 2.56 2.65 2.40 2.00 2.35 

Patch 2.83 3.35 2.92 3.50 3.17 

 

Dosage form preferences of potential users were evaluated according to 5 cannabis 

dosage forms which were previously administered (Table 3.28). Participants who 

administered cannabis cigarette (n=26) and cannabis cookie (n=6) rated cannabis 
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cigarette as the most preferred inhalation dosage form, while electronic cigarette or vape 

group (n=7) preferred electronic cigarettes. Participants who administered drinking oil 

(n=7) and tincture drop forms (n=5) of cannabis rated cannabis tincture as the most 

preferred form. Drinking oil group prefer ointments and tinctures with both dosage forms 

obtaining a mean rating score of 3.83. One participant who administered cannabis eye 

drops rated eye drops with lowest possible score (Mean Score 1.00). 

Table 3. 28 Mean rating scores for potential users preferences according to dosage 

forms administered (N=48) 
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Cannabis cigarette 4.00 2.86 3.50 3.50 2.60 

Electronic cigarette 3.73 4.00 3.33 3.17 3.00 

Inhaler 2.85 3.29 2.83 3.00 1.60 

Nebuliser 1.88 2.57 1.67 2.67 2.40 

Spray 2.73 2.86 3.17 2.83 3.20 

Tincture 3.31 3.71 3.17 3.83 4.20 

Cream 2.92 2.86 3.33 3.67 2.40 

Balm or Ointment 2.88 3.00 3.33 3.83 2.20 

Shampoo, body wash 2.50 2.29 3.17 3.00 2.20 

Oil on Skin 2.73 2.43 3.33 3.17 2.40 

Eye drop 2.04 2.29 2.67 2.33 2.00 

Patch 2.42 2.71 3.17 2.67 2.20 
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3.5 Results of the Systematic Literature Reviews 

Two systematic reviews were conducted, (i) a general systematic review about medicinal 

cannabis dosage forms and (ii) a review about the opinions of medicinal cannabis users 

or patients about dosage forms of medicinal cannabis. 

3.5.1 General Systematic Review 

A systematic literature review was undertaken to identify studies which focused on 

cannabis dosage forms. Initially a total of 4099 articles were determined to be related to 

medicinal cannabis dosage forms. The following filters were applied: Publication date of 

last 10 years (n=3704), articles in English language (n=3681), peer-reviewed journals 

(n=757) and subject as human (n=427). A total of 427 articles were shortlisted and 89 of 

them met the inclusion criteria (Flowchart 3.1). 

Eighty-nine studies which assessed medicinal cannabis dosage forms were identified for 

the study (Appendix 12). The majority of the studies were carried out in the USA (n=55), 

followed by Germany (n=6), Australia (n=5) and Switzerland (n=5), Canada (n=4) and 

the United Kingdom (n=4), Italy (n=3), the Netherlands (n=2), China (n=1), New Zealand 

(n=1), France (n=1), Israel (n=1) and Poland (n=1). Participants were recreational 

cannabis users (n=66), healthy volunteers (n=20) or medicinal cannabis users (n=3). Few 

studies (n=8) considered medical conditions, amongst which the focus was a single 

medical condition such as cancer or chemotherapy-induced nausea and vomiting (n=4), 

spasticity in multiple sclerosis (n=3) or pyoderma gangrenosum (n=1). The scope of the 

studies were mainly the pharmacodynamics (n=41) of cannabis including side effects 

(n=11), withdrawal effects (n=4), tolerance (n=3), abuse potential (n=3) and effect on 

driving performance (n=2). Thirty-two studies were related to the pharmacokinetic profile 

of cannabis, with special focus on the quantification or stability of cannabis in oral fluid 
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(n=17), plasma (n=9) or urine (n=4). Other studies assessed types of dosage form used 

(n=12) and opinions about medicinal cannabis dosage forms (n=4). 

 

Flowchart 3. 1 Flowchart based on PRISMA method for systematic reviews 

(Adopted from: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group. 

Preferred reporting items for systematic reviews and meta-analyses: the PRISMA 

statement. Plos Medicine. 2009;6(7):e1000097.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Forty-three studies had a small number of participants, not more than 20, while 28 

recruited 20 to 50 participants. Most (n=11) of the countries involved less than 20 

participants in their study. Four studies in the USA included over 3000 participants (Table 

3.29). Eighteen studies were published in 2017, followed by 13 studies published in 2018 

and studies in 2013 (n=11) and 2014 (n=11) (Table 3.30). 

 

Articles identified through search 

(n=4099) 

Articles after filters applied   

(n=427) 

Articles screened                    

(n=427) 
Articles excluded based on exclusion 

criteria (n=291) 

Articles assessed for eligibility 

(n=136) 

Articles excluded, since they did not 

meet inclusion criteria (n=47) 

Last 10 years (n=3704) 

English language (n=3681) 

Peer-reviewed journals (n=757) 

Subject human (n=427) 

 

Articles included                      

(n=89) 
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Table 3. 29 Participants in the general systematic review (N=89) 

Number of Participants Number of Studies Country 

<20 43 Australia, Canada, China, 

Germany, Israel, Italy, 

New Zealand, Switzerland, 

The Netherlands, UK, USA 

20-50 28 Australia, Canada, 

Germany, Poland, 

Switzerland, The 

Netherlands, UK, USA 

51-100 5 Australia, France, USA 

101-500 5 Canada, Germany, Italy, 

USA 

501-1000 1 USA 

1001-3000 3 Switzerland, UK, USA 

3001-6000 2 USA 

>6000 2 USA 

 

Table 3. 30 Publication year of the studies in the general systematic review (N=89) 

Publication Year of the Studies 

2010 (n=5) 

2011 (n=8) 

2012 (n=9) 

2013 (n=11) 

2014 (n=11) 

2015 (n=7) 

2016 (n=7) 

2017 (n=18) 

2018 (n=13) 
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Fifty-nine studies were related to one type of cannabis delivery system, the majority being 

about smoked medicinal cannabis (n=30), followed by oral cannabis (n=15). Twenty-four 

studies compared two types of cannabis delivery, including smoked versus oral (n=9), 

oral versus oro-mucosal (n=5) and smoked versus vaped (n=4). Six studies involved 3 

types of cannabis delivery such as oral, vaped, smoked (n=4) and smoked, vaped, edible 

(n=2). Studies including 3 types of cannabis delivery were performed in the UK and the 

USA (Table 3.31). 

Table 3. 31 Delivery systems in the general systematic review (N=89) 

Number of 

delivery systems 

Delivery type Number of 

Studies 

Country 

1 Smoked (n=30) 

Oral (n=15) 

Oro-mucosal (n=5) 

Edible (n=4) 

Vaporised (n=2) 

Systemic (n=2) 

Topical (n=1) 

59 Australia, 

Canada, China, 

France, Germany, 

Italy, New 

Zealand, Poland, 

Switzerland, The 

Netherlands, UK, 

USA  

2 Smoked-oral (n=9) 

Oral-oromucosal (n=5) 

Smoked-vaped (n=4) 

Smoked-edible (n=3) 

Oral-oral (n=2) 

Oral-systemic (n=1) 

24 Canada, Israel, 

Switzerland, UK, 

USA 

3 Oral-vaped-smoked (n=4) 

Smoked-vaped-edible (n=2) 

6 UK, USA 

 

3.5.2 Systematic Review about Preferences on Cannabinoid Dosage Forms  

A systematic review of the literature published over the last 10 years, was undertaken to 

identify studies based on opinion of patients or medicinal cannabis users about 

cannabinoid dosage forms. Initially 1956 articles related to opinions about medicinal 

cannabis dosage forms were identified. The following filters were applied: Articles in 

English language (n=1760), publication date of last 10 years (n=1360), peer-reviewed 
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journals (n=605) and subject as human (n=269). A total of 269 articles were reviewed 

and 10 of them met the inclusion criteria (Flowchart 3.2). 

 

Flowchart 3. 2 Flowchart based on PRISMA method for systematic reviews (Adopted 

from: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group. Preferred 

reporting items for systematic reviews and meta-analyses: the PRISMA statement. Plos 

Medicine. 2009;6(7):e1000097.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ten studies assessed opinions of patients or medicinal cannabis users about cannabinoid 

dosage forms (Appendix 13). Most studies (n=6) were carried out in the USA, followed 

by studies included countries from multiple regions (n=2) including Canada, Germany, 

Hungary, Ireland, Spain, Japan and the USA, Germany (n=1) and Australia (n=1). 

Participants of the studies were generally medicinal cannabis users (n=7) or patients with 

medical conditions (n=3). Six studies included multiple medical conditions, while 3 

Articles identified through search 

(n=1956) 

Articles after filters applied   

(n=269) 

Articles screened                    

(n=269) 
Articles excluded based on exclusion 

criteria (n=249) 

Articles assessed for eligibility 

(n=20) 

Articles excluded, since they did not 

meet inclusion criteria (n=10) 

Articles included                      

(n=10) 

English language (n=1760) 

Last 10 years (n=1360) 

Peer-reviewed journals (n=605) 

Subject human (n=269) 
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focused on single medical conditions such as head and neck cancer (n=1), epilepsy (n=1) 

and amyotrophic lateral sclerosis (n=1) and one did not specify the condition. Scope in 

the studies were opinion of patients or medicinal cannabis users on cannabinoid dosage 

forms (n=9), and likes and dislikes about cannabis dosage forms (n=1). 

Four studies were performed in Australia, Germany and the USA and included less than 

100 participants, while 3 were performed in the USA and recruited more than 1000 

participants. Two studies were performed in multiple countries and involved number of 

participants over 500 up to 1000 (Table 3.32). Four studies were published in 2018, 

followed by studies published in 2013 (n=2) and 2016 (n=2) (Table 3.33). 

Table 3. 32 Participants in the systematic review about preferences (N=10) 

Number of Participants Number of   Studies Country 

<100 4 Australia, Germany, USA 

100-500 1 USA 

501-1000 2 Multiple Countries 

including Canada, 

Germany, Hungary, 

Ireland, Spain, Japan and 

USA 

>1000 3 USA 

 

Table 3. 33 Publication year of the studies in the systematic review about preferences 

(N=10) 

Publication Year of the Studies 

2013 (n=2) 

2016 (n=2) 

2017 (n=1) 

2018 (n=4) 

2019 (n=1) 

 

 



128 

 

Three studies were related to one type of cannabis delivery such as smoked (n=2) and 

oro-mucosal (n=1) forms. One study compared smoked and vaped cannabis. Four studies 

involved 3 to 5 types of cannabis delivery including smoked, vaped and edible (n=2) 

forms. Two studies involved 6 to 8 types of cannabis delivery systems including smoked, 

vaped, edible, oral, oro-mucosal and topical (n=1) forms and were performed in Australia 

(n=1) and 31 countries including the USA and Germany (n=1) (Table 3.34). 

Table 3. 34 Delivery systems in the systematic review about preferences (N=10) 

 

 

 

 

 

 

Number of 

delivery systems 

Delivery type Number of 

Studies 

Country 

1 Smoked (n=2) 

Oro-mucosal (n=1) 

3 Germany, USA 

and Multiple 

Countries 

including  USA, 

UK, Canada, 

2 Smoked-vaped (n=1) 1 USA 

3-5 Smoked-vaped-edible (n=2) 

Smoked-vaped-edible-topical 

(n=1) 

Smoked-vaped-edible-oral-

oromucosal (n=1) 

4 USA 

6-8 Smoked-vaped-edible-oral 

tablets-capsules-oro-mucosal-

topical (n=1) 

Oral tablets-capsules-

sublingual drop-sublingual 

spray-inhaled-enteral feeding 

liquid-suppository-topical 

(n=1) 

2 Australia and 31 

Countries 

including USA, 

Germany and 

France   
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4. Discussion 
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There is a variety of delivery systems available for medicinal cannabis worldwide, but 

there is limited information about the perception of patients about delivery systems. This 

is an innovative study including 25 different dosage forms of medicinal cannabis while 

other studies focused on 2 dosage forms of cannabis or did not include more than 8 forms 

(Hazekamp et al, 2013; Elliott et al, 2016; Lee et al, 2016; Daniulaityte et al, 2017; Bruce 

et al, 2018; Kerai et al, 2018). This study focused on patient-centred approach which may 

have an impact on quality of life of patients with chronic comorbidities. Taking a patient-

focused approach when formulating medicinal products is essential in improving the 

quality of life of patients (Fiz et al, 2011; Ware et al, 2015; Lowe et al, 2016; Sexton et 

al, 2016; Capano et al, 2019). 

This study did not only consider opinions of medicinal cannabis users, but also included 

potential users of medicinal cannabis, thereby the opinions of prospective users of 

medicinal cannabis were also evaluated. Most of the patients who are prescribed 

medicinal cannabis attend at the clinics where the study was undertaken. 

This study adds to the knowledge about the pharmacokinetic profile of medicinal 

cannabis including onset for reaching the desired effect, duration of the effect and 

perceived side effects. Differences in preferences and pharmacokinetic findings could be 

evaluated by taking patients demographics into consideration. 

4.1 Perception and preferences of medicinal cannabis users and potential users 

Two self-administered questionnaires were developed, one for medicinal cannabis users 

and another one for potential users of medicinal cannabis, to identify patient-centred 

delivery approaches. The questionnaires focused on i) reasons for medicinal cannabis use 

and prospective use ii) pharmacokinetic profile and ease of administration of medicinal 

cannabinoids used in Malta iii) contentment of patients with current medicinal cannabis 
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delivery systems iv) experience of potential users on cannabis dosage forms v) pain 

intensity to start using medicinal cannabis vi) perception of potential users about starting 

medicinal cannabis use vii) pain management of potential users of medicinal cannabis 

and viii) perception of users and potential users about medicinal cannabis and preferred 

delivery methods used for medicinal cannabis. 

The main reason for using medicinal cannabis among the study population was pain, 

followed by anxiety, insomnia, fibromyalgia and arthritis. Medicinal cannabis was being 

used to cope for a broad range and co-existing medical conditions. Some of the conditions 

for which medicinal cannabis is being used for is not approved by the scientific 

community. These findings are similar to other studies assessing reasons for using 

medicinal cannabis in Spain (Fiz et al, 2011), the United States of America22 (Buckner & 

Zvolensky, 2014; Bonn-Miller et al, 2014; Pearce et al, 2014; Webb & Webb, 2014; 

Sexton et al, 2016; Reiman et al, 2017), Australia (Luckett et al, 2016; Lintzeris, 2018) 

and Canada (Shiplo et al, 2016) and a study involving 31 countries including the USA, 

Germany, France, the Netherlands and Spain (Hazekamp et al, 2013). Potential users 

would consider using medicinal cannabis for pain and cancer, followed by fibromyalgia, 

epilepsy and multiple sclerosis. In this study, there were only two participants making use 

of medicinal cannabis for treating cancer and chemotherapy-induced conditions. The 

sample included participants with multiple comorbidities and the majority of the 

                                                 

 

22 Hello MD. Medical marijuana patient survey results [Internet]. California: Hello MD; 2016 [cited 2020 May 10]. 

Available from URL: https://s3-us-west-2.amazonaws.com/hellomd-

news/HelloMD_Medical_Marijuana_Patient_Survey.pdf 
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participants were using or would use medicinal cannabis for chronic pain which is among 

the main indications to use cannabis for medicinal purposes. 

Some of the patients were using medicinal cannabis solely to manage anxiety, and among 

these, some patients were using high tetrahydrocannabinol (THC) containing 

formulations of cannabis. Medicinal cannabis formulations approved in Malta mainly 

contain high levels of THC. Cannabidiol (CBD) is may be beneficial for treating anxiety-

like conditions, however THC is known to cause anxiety as a side effect (Gomes et al, 

2011; Cox, 2015; Whiting et al, 2015; Bridgeman & Abazia, 2017; Reiman et al, 2017; 

Abrams, 2019; Shannon et al, 2019).  

Flower (Pedanios 22/1 & 20/1, Bedrocan 22, Bediol 6/8) and oil (CBD, CBG, 50/50) 

formulations of medicinal cannabis are used by patients in Malta. Nearly half (49%) of 

the study population use more than one type of medicinal cannabis to manage co-existing 

conditions. Pharmacokinetic characteristics such as onset of the desired effect, effective 

period and side effects experienced when administering medicinal cannabis formulations 

were assessed. It was found that, overall onset with flower and oil formulations were 

reached within few seconds to 15 minutes by the majority of participants. Medicinal 

cannabis was perceived to remain effective for 1 to 2 hours and 2 to 3 hours by the 

majority of the respondents. There was no difference in onset of effect or effective period 

across the age groups. Effective period was assessed according to type of medicine. 

Participants perceive a similar duration of effect with different types of medicinal 

cannabis. 

The main side effects of medicinal cannabis were feeling hungry, energised, sleepy and 

high. Some participants also experienced feeling dizzy, calm and peaceful, nauseated and 

more alert after administering their medicinal cannabis. These side effects were also 
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reported in studies conducted in Spain (Borràs et al, 2011), the USA (Pearce et al, 2014; 

Sagar et al, 2018) and Australia (Agar, 2018). Participants reported feeling energised and 

sleepy after taking their medicine, this could be due to the variety in medicinal cannabis 

strains or the mood and life-style of patients. At times they would feel sleepier maybe due 

to not getting enough sleep and at times feeling energised while they experience stressful 

moments at work. Side effects of medicinal cannabis were evaluated in relation to the 

period they have been using medicinal cannabis, age, gender and the type of medicine. 

The side effect profile of medicinal cannabis did not differ significantly with the period 

when medicinal cannabis was started or age of participants. No statistically significant 

differences were observed in relation to gender. These findings are similar to a study 

conducted in the USA (Fogel et al, 2017). More Pedanios and Bediol flowers and CBD 

oil users reported that they feel energised compared to other dosage forms. While 

Bedrocan flower users feel hungry. Interestingly, users administering different THC and 

CBD ratios (22/1, 20/1, 22, 6/8) of medicinal cannabis flowers reported to feel high in 

similar proportions (40%), this is may be due to the co-use of medicinal cannabinoids.  

Ease of medicinal cannabis administration was evaluated. Patients on average find the 

administration of their medicinal cannabis easy. More than half of the participants were 

not willing to change their current delivery method and correlated with the type of 

medicinal cannabis they are using. A statistically significant difference was observed for 

Bedrocan flower users. The majority of Bedrocan users were identified to be in favour of 

keeping their current mode of cannabis delivery. Reasons for switching to another mode 

of cannabis delivery were perceived to be the inconvenience in use at work and dislike 

over CBD oil taste and compare with other alternatives, since there are many alternatives 

for using medicinal cannabis. Participants believe other modes of cannabis may also help 

them and perhaps be cheaper in price. These reasons show that although patients are 



134 

 

happy with their current mode of delivery, they would like to try other modes of medicinal 

cannabis. 

Reasons for not switching to another mode of cannabis delivery cited by participants 

include that their current medicinal cannabis is effective and that they find it easy to 

administer the current medication since they are used to calculating their doses. Other 

reasons included complexity in the process of getting legal medicinal cannabis and that 

cannabis may have an impact on their health therefore they would not be in favour of 

changing their current mode. These reasons were in accordance with studies conducted 

in Australia (Malouff & Rooke, 2014; Luckett et al, 2016), Switzerland (Etter, 2015) and 

were similar to studies evaluating the reasons for other medicinal cannabis dosage form 

(tincture, edibles, oro-mucosal spray, concentrates) in 31 countries (Hazekamp et al, 

2013), the USA (Cavazos-Rehg et al, 2018; Giombi et al, 2018) and Germany (Meyer et 

al, 2019). The findings were in accordance with studies comparing the reasons for 

preferences between two cannabis dosage forms such as vaping versus smoking in 

Canada (Shiplo et al, 2016) and the USA (Lee et al, 2016; Morean et al, 2017). 

As highlighted by users, the process of getting legal medicinal cannabis is complex. The 

procedure required to obtain medicinal cannabis entails an application signed by medical 

practitioner and patient. Superintendent of Public Health reviews the application and once 

approve, medical practitioner apply for the control card. The first permit approved by the 

Superintendent of Public Health provides a limited access (2 weeks to 1 month) for 

medicinal cannabis. 

Patients require a copy of the permit signed by Superintendent of Public Health, a control 

card and a green prescription for buying medicinal cannabis. After two weeks to one 

month a second application needs to be submitted to the Superintendent of Public Health 
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to obtain a permit for a longer period of time. 20 This submission needs to go through the 

same procedure used for the first application. It is suggested to revise the system, to 

improve patients’ access and not to discourage patients from applying and making use of 

the drug. 

Patients need to pay for the vaporiser as well as the medicinal cannabis out of pocket each 

time they need to fill the prescription. Patients with chronic conditions for which 

medicinal cannabis may be required for a long period of time might find it difficult to 

acquire the medicine in terms of affordability. In Malta, the Mighty Medic® or Volcano® 

vaporiser (Hazekamp et al, 2006) which needs to be bought once costs €250. A gram of 

Pedanios, Bedrocan or Bediol flower costs €16 in Malta while a gram of cannabis flower 

costs €5.80 in the Netherlands and the prices of cannabis flowers may go up to €25 

depending on the country.23 Consumption of medicinal cannabis may vary among 

patients, some patients use 0.2 grams daily while some patients use 2 grams daily. 

Medicinal cannabis can be included in the formulary or provide a partial reimbursement 

scheme for patients with chronic conditions for which medicinal use of cannabis is 

approved by the scientific community. The availability of the other dosage forms 

preferred by patients, other than cannabis flowers, and a less complex process ensures to 

have a patient-centred medicinal cannabis delivery system and an improved medication 

access. 

                                                 

 

20 Superintendent of Public Health SPH Circular Prescribing and dispensing of medical cannabinoids 2018 [Internet]. 

Malta: [cited 2020 May 12]. Available from URL: https://deputyprimeminister.gov.mt/en/Pharmaceutical-

Unit/Documents/Circulars/SPH_Circular_2-2018.pdf 

23 Bedrocan. A fully standardised product, but with different prices. How come? 2020 [Internet]. The Netherlands [cited 

2020 June 8]. Available from URL: https://bedrocan.com/fully-standardised-product-but-with-different-prices/ 

https://deputyprimeminister.gov.mt/en/Pharmaceutical-Unit/Documents/Circulars/SPH_Circular_2-2018.pdf
https://deputyprimeminister.gov.mt/en/Pharmaceutical-Unit/Documents/Circulars/SPH_Circular_2-2018.pdf
https://bedrocan.com/fully-standardised-product-but-with-different-prices/
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Half of the potential users have used cannabis and were assessed about their experience 

and opinions on cannabis dosage forms. The majority of potential users tried cannabis 

cigarette, and other forms of cannabis used were electronic cigarette or vape, cannabis 

cookie, tincture drop, drinking oil, tea, inhaler or nebuliser, tablet or capsule, eye drop 

and injection. Studies in Spain (Fiz et al, 2011), the USA and Canada (Goodman et al, 

2020) also assessed cannabis dosage forms administered by potential users, and found 

that the use of smoked or vaped cannabis, concentrates, tablets, edibles and oils were 

prevalent among potential users. The majority of the potential users have shown that they 

benefitted from the trial of cannabis dosage forms. Similarly studies in Canada (Ware et 

al, 2015) and the USA (Elliott et al, 2016; Cofield et al 2017; Reiman et al, 2017; Sagar 

et al, 2018) found improvements in patients with cannabis use. 

Potential users considered severe pain to warrant the use of medicinal cannabis, this was 

followed by moderate pain and moderate to severe pain. 

Reasons why potential users would start using medicinal cannabis were evaluated. Most 

of the potential users (85%) would be willing to start using medicinal cannabis if 

presented with the possibility to do so. This finding was in accordance with a study 

conducted in Canada where 73% of participants were willing to start using medicinal 

cannabis (Shiplo et al, 2016). No correlation was observed between the desire to use 

medicinal cannabis and the number of pain medications being taken or success in pain 

management with currently administered pain medications. The decision was influenced 

by prior cannabis administration and benefit, for someone who tried cannabis before 

would be more willing to start using medicinal cannabis, while one who never tried 

cannabis would be more worried of starting using it. Similarly, individuals who benefitted 

from the trial of cannabis would be more willing to start using medicinal cannabis 



137 

 

compared to those who did not benefit from the trial and might be more hesitant to start 

using it. 

Reasons to start using medicinal cannabis included reading a lot about medicinal cannabis 

and hearing from others who benefitted from cannabis use. Participants also believe that 

mainstream medications may not be enough to treat their medical condition and some 

participants would simply like to try medicinal cannabis. The main concern for not 

starting to use medicinal cannabis was the complexity of the application process, which 

was also cited by medicinal cannabis users. Patients visiting clinics for palliative care 

may not have enough time to go through the process to be eligible to be prescribed with 

medicinal cannabis. The other main concern for not starting medicinal cannabis use was 

the implications on health, this may be because patients read a lot and are aware of 

consequences associated with long-term use of cannabis including psychosis, effect on 

brain development at early age, concentration problems and becoming addicted to other 

substances (Crean et al, 2011; Solowij et al, 2012; Bridgeman & Abazia, 2017; Schauer 

et al, 2017; Mensen et al, 2019). The reported reasons are in accordance with a study 

conducted in Australia (Luckett et al, 2016). Patients could be given more information 

about medicinal cannabis to help them overcome their fear of using cannabis. Information 

is already being given to patients through the Pain Clinic whereby workshops about 

medicinal cannabis. Such lectures given by doctors could be very useful to empower 

patients and increase their confidence in the treatment with medicinal cannabis and 

overcome their fear. Shiplo et al (2016) conducted a study in Canada whereby they 

assessed reasons why potential users do not want to start using vaporisers, and these 

included affordability and difficulty in using vaporiser. Potential users in Canada never 

used vaporiser whereas potential users in this study used some forms of cannabis 
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including vaporisers. Since participants in the Canada study never used a vaporiser, they 

could have perceived their use as being difficult. 

Some participants of the potential users group were observed to use 3 or more types of 

pain medications and some participants were unable or unsure whether their pain was 

under control with current pain medications. It is important to evaluate the chronic pain 

management of patients. Administering multi-medications and not obtaining control may 

cause more harm than benefit, as all medications have side effects and possible 

interactions. This study did not assess the type of pain medications administered. Some 

pain medications like opioids have a substantial impact on respiratory health, medicinal 

cannabis could be used in conjunction with opioids and thereby may decrease the use of 

opioids and related potential side effects (McCarberg, 2007; Elliott et al, 2016; Capano 

et al, 2019). Patients who are currently administering multiple pain medications could be 

considered for starting the use of medicinal cannabis. 

Perception of users and potential users about medicinal cannabis and preferred delivery 

methods used for medicinal cannabis were evaluated. Preferences about i) oral, rectal 

systemic dosage forms and ii) topical and inhalation dosage forms of medicinal cannabis 

were considered separately. To evaluate preferences for dosage forms of medicinal 

cannabis, the rating scores of users and potential users were compared. 

Evaluation of oral, rectal and systemic dosage form preferences of medicinal cannabis 

identified that, cookies or other food items, tea and drinking oil are preferred by medicinal 

cannabis users. This finding is in accordance with studies conducted in the USA (Elliott, 

2016; Bruce et al, 2018; Boehnke et al, 2019). Potential users of medicinal cannabis prefer 

using cannabis water, vegetarian capsules and cannabis tea. Tablet, capsule and injection 

forms were significantly preferred by potential users compared to users. These forms 
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were also preferred in studies performed in Australia (Luckett et al, 2016; Kerai et al, 

2018). Cannabis injection was rated the lowest by both users and potential users group, 

indicating that injection is the least preferred form. This might be attributed to the 

invasiveness of this type of administration. 

The currently approved delivery system in Malta are cannabis flowers used with 

vaporisers. The approval of edibles, drinking oil, tea, water and vegetarian capsules would 

lead to the availability of dosage forms which are more favoured by patients. Edible forms 

are easier to administer and carry around. Any undesirable taste can be masked and one 

might be given the option to choose the preferred flavour. However it is challenging to 

dose edibles when formulating and administering them. Edibles have unpredictable 

pharmacokinetic profile. An oily base would be necessary in the formulation to extract 

cannabis from the plant material (Murphy et al, 2015; Borodovsky et al, 2016; Bruni et 

al, 2018). Patients with chronic conditions may benefit from the long lasting effects of 

edible cannabis. 

Using tea, drinking oil and water forms of cannabis could be beneficial for paediatric and 

elderly populations as well as for patients with conditions associated with eating 

difficulties including anorexia, palliative care, post-surgery and dental conditions. 

Vegetarian capsules could have been preferred by participants due to the trend and 

popularity in choosing vegetarian or they could be vegetarians. Since the demand for 

vegetarian formulations is high among patients, the pharmaceutical industry can address 

this demand by using vegetarian friendly ingredients such as by substituting the gelatine 

capsule with hydroxypropyl methylcellulose (HPMC) which was found to be as efficient 

as gelatine (Sherry Ku et al, 2010). This change can be implemented without 

compromising the stability of the formulation to produce a patient-centred medicinal 

cannabis formulations. Vegetarian capsules have a longer duration of effects compared 
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to inhaled forms, however it undergoes first pass metabolism like any other oral 

formulations (Grotenhermen, 2004a; Borodovsky et al, 2016; Bridgeman & Abazia, 

2017). Patient-preferred dosage forms like capsules, edibles, oils and waters could be 

convenient to administer in public and would not require preparation. 

The preferences of medicinal cannabis users who are willing to switch their mode of 

cannabis delivery is comparable to the users population who do not want to change their 

current delivery system. Preferences for oral, rectal and systemic dosage forms varied 

significantly for round tablets among users of medicinal cannabis. Users above 50 years 

of age tend to prefer using round tablets more than participants aged between 31-40 years. 

Capsules are the preferred form for potential users who are 41 years and older, while not 

so popular for less than 30 years of age. Drinking oil was preferred by potential users 

aged between 31 and 40 years and was less favoured by participants above 50 years. 

Among medicinal cannabis users, females prefer edible forms more than males. This 

observation is in accordance with a study conducted in the USA (Boehnke et al, 2019), 

however in this study gender preferences did not differ significantly. Female participants 

within the potential users of medicinal cannabis rated suppositories higher than males. 

For medicinal cannabis users, caplets were preferred by participants having a tertiary 

level of education when compared with participants with primary level of education. For 

potential users cookies or other food items were preferred by participants having post-

secondary educational level more than primary level and injection was preferred by 

primary level more than post-graduate level of education. Preferences of medicinal 

cannabis users did not vary across different localities, however for potential users round 

tablet was preferred by residents from South Eastern area and not so preferred by 

Northern Harbour and Gozo habitants. To the author’s best knowledge, there is only one 

study which included demographics in relation to cannabis dosage form preferences 
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(Boehnke et al, 2019). When participants were grouped according to demographic 

characteristics, differences in preferences were observed for some dosage forms like 

round tablet, capsule, drinking oil, suppository, caplet, edibles and injection. This was 

important in seeing how ideas and preferences differ among several groups and showed 

that the appearance of the tablet (round tablet, caplet) could be important when 

formulating medicinal cannabis. Formulating a tablet whether it is round or elongated is 

not a challenging procedure, the main concern could rather be the stability of the tablet. 

Cannabis may require special formulations due to its highly lipophilic nature and complex 

physico-chemical characteristics (Bruni et al, 2018; MacCallum & Russo, 2018). Ester 

formulation of medicinal cannabis can be used when formulating suppositories (Kalant, 

2001; McGilveray, 2005) and water-miscible formulations can be used when formulating 

injection to improve absorption (Kalant, 2001; Grotenhermen, 2004a; Bridgeman, 2017). 

First pass metabolism can be bypassed by using rectal and systemic routes (Kalant, 2001). 

Cannabis suppository and injection could be indicated for specific patient populations 

such as cancer, paediatric and elderly as well as patients with oral and dental problems. 

Preferences were assessed in relation to the five most prevalent medical conditions for 

which users are using medicinal cannabis for. Participants with anxiety and pain rated 

cookies or other food items as the most preferred, while participants with arthritis and 

insomnia preferred tea and those with fibromyalgia preferred drinking oil. Medical 

conditions for which potential users specified they would be using medicinal cannabis 

were correlated with preferences. Participants selecting fibromyalgia, multiple sclerosis 

and pain rated vegetarian capsule as the most preferred, while epilepsy and cancer groups 

prefer cannabis cookies or other food items and cannabis water respectively. The studies 

in Australia evaluated patients and identified cannabis tablets and capsules to be preferred 

among cancer (Luckett et al, 2016) and multiple sclerosis patients (Kerai et al, 2018), 
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another study in the USA assessing preferences also found edible forms of cannabis to be 

preferred among chronic pain patients (Boehnke et al, 2019). Cannabis water provides 

easy administration and its use could be favourable in chemotherapy-induced nausea and 

vomiting and palliative care. Dosage forms with long-lasting effect profile 

(tablet/capsule/edibles) could be advantageous for the use in chronic conditions like 

chronic pain, multiple sclerosis, epilepsy, fibromyalgia and cancer. 

Oral, rectal, systemic dosage form preferences of users in relation to medicinal cannabis 

being used and potential users of medicinal cannabis in relation to prior cannabis dosage 

form(s) administered were evaluated. Medicinal cannabis users making use of Pedanios 

and Bedrocan flowers and CBD oil rated edibles as the most preferred dosage form, while 

Bediol users prefer sublingual tablet form. Potential users have tried more cannabis 

dosage forms compared to medicinal cannabis users which currently use cannabis flowers 

and/or oils, this was also the case in the USA (Boehnke et al, 2019). Participants who 

administered cannabis cigarette and edibles rated cannabis tea as the most preferred, 

while electronic cigarette or vape, drinking oil and tincture groups preferred cannabis 

drinking oil. Participant who injected cannabis rated the injection form with lowest score 

possible, indicating that cannabis injection is not a pleasant dosage from to administer. 

Using the sublingual route could be favourable for conditions that require quicker onset 

of medicinal cannabis effects due to its faster onset of action compare to the oral route. 

The sublingual route also present the advantage of a longer duration of action compared 

to the inhalation route (Grotenhermen, 2004a; Karschner et al, 2011; Stott et al, 2013; 

Landa et al, 2018; Lucas et al, 2018). 
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Topical and inhalation dosage form preferences for medicinal cannabis was also 

conducted. Medicinal cannabis users prefer cannabis cigarette, tincture and electronic 

cigarette, while potential users prefer patches followed by tincture and ointment. 

Preferences for cannabis cigarette and electronic cigarette forms were significant between 

the two groups. Other studies performed in 31 countries (Hazekamp et al, 2013), Canada 

(Shiplo et al, 2016) and the USA (Borodovsky et al, 2016; Elliott et al, 2016; Bruce et al, 

2018; Boehnke et al, 2019) also identified the preferred mode of delivery as smoking 

and/or tincture. Patients prefer smoked forms of cannabis dosage forms perhaps because 

it is a known method of cannabis administration. The decision could have been influenced 

by smoking status, however this study did not assess whether participants were cigarette 

smokers or not. Smokers could have preferred cannabis cigarettes and electronic 

cigarettes more than other forms. Smoking cannabis has a fast onset of action (Murphy et 

al, 2015; Lucas et al, 2018), however considering the impact of smokable forms of 

cannabis on respiratory health (Chapkis & Webb, 2005; MacCallum & Russo, 2018), 

which should be the primary focus, it would not be ideal to support the availability and 

supply of smokable forms of medicinal cannabis. Smoking has other disadvantages 

including the short duration of action and smell, it could be difficult to dose and the dose 

may differ each time (Murphy et al, 2015; Borodovsky et al, 2016; Shiplo et al, 2016; 

Ciccone, 2017; Romero-Sandoval et al, 2017; Bruni et al, 2018; McCallum & Russo, 

2018). 

Participants possibly preferred tincture because of the taste. Tinctures also have other 

advantages such as an easy administration and no distinct smell like the smoked forms of 

cannabis. Tinctures can also be added in food or to liquids. However, tinctures can lead 
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to issues related to evaporation, they should be stored well in tightly closed containers, 

protected from light and humidity and at cool temperatures.24  

Cannabis balms and ointments could have been preferred by participants due to their 

smell and ease of application. Ointments have several advantages such as not having 

systemic psychotropic effects, cannabis ointments can be applied topically on the affected 

area and could provide benefit in using them in conditions like localised pain and other 

skin conditions. Disadvantage of ointment is being applicable only for the treatment of 

limited areas (Bruni et al, 2017; MacCallum & Russo, 2018). 

The preferences of medicinal cannabis users who would be willing to switch their mode 

of cannabis delivery did not vary from the study population preferences. A statistically 

significant difference was observed for the spray form. Users over 50 years of age tend 

to prefer using spray more than participants aged between 31-40 years. For potential users 

group cannabis cigarettes were preferred by participants of 30 years or less, while not so 

preferred by those older than 50 years. The tincture form of cannabis was preferred by 

participants aged between 41 and 50 years and not so preferred by those older than 50 

years. No statistically significant differences were observed between genders in relation 

to preference among medicinal cannabis users. A study in the USA also evaluated 

preferences of medicinal cannabis users and found a significant difference between males 

and females, where males preferred smoked and vaped forms and females preferred 

tincture and topical forms of cannabis (Boehnke et al, 2019). This difference was also 

observed in this study, however it was not statistically significant. 

                                                 

 

24 Green Rush Packaging. Tips for Cannabis Tincture Packaging 2019 [Internet]. California [cited 2020 June 12]. 

Available from URL: https://greenrushpackaging.com/tips-for-cannabis-tincture-packaging/ 
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Spray form could be preferred due to an easy application. Beside an easy application 

cannabis spray can be advantageous for providing higher bioavailability than the oral 

form and avoiding the first pass metabolism. Disadvantages of sprays include side effects 

such as dental carries, white lesions and oral burning sensation (Mathre, 2002; Guy & 

Robson, 2004; Versteeg et al, 2008; Crowley et al, 2018; Hua, 2019). It is important for 

cannabis spray users to do routine self-check and contact their medical or dental 

practitioner about their oral health. 

In the potential users of medicinal cannabis group, males showed more interest than 

females in cannabis cigarette and electronic cigarette forms. Preferences among users did 

not differ meaningfully in relation to level of education. For potential users, cannabis 

cigarette, electronic cigarette and inhaler forms were preferred by respondents who had 

post-secondary level of education more than those with primary level of education. 

Preferences among both users and potential users of medicinal cannabis groups did not 

differ significantly in relation to locality. 

The preferred topical and inhaled dosage form were correlated with the five most 

prevalent medical conditions for which users are making use of medicinal cannabis. 

Participants who have anxiety, arthritis and insomnia rated cannabis cigarettes as the most 

preferred, while those with fibromyalgia and pain preferred tinctures. Medical conditions 

for which potential users would use medicinal cannabis were correlated with the preferred 

dosage form. Participants selecting epilepsy preferred applying cream, while those 

selecting multiple sclerosis preferred using spray form. Cannabis patch was rated as the 

most preferred dosage form by participants selecting cancer, fibromyalgia and pain and 

the second most preferred form by epilepsy and multiple sclerosis groups. The study 

performed in 31 countries did not find clear differences between conditions and 

preference in method of intake (Hazekamp et al, 2013). Chronic pain patients using 



146 

 

cannabis preferred smoked and vaped cannabis in the USA (Boehnke et al, 2019), this 

could be due to differences in study populations. The USA study included recreational 

and medicinal cannabis users as one group and medicinal cannabis users only as another 

group. In this study the focus was the medicinal use of cannabis and participants with 

pain or suggesting the use of medicinal cannabis for pain, were considered separately as 

medicinal cannabis users or potential users. Patch form seems very popular among 

potential users, this is may be due to an easy application. Using cannabis patch could be 

advantageous for chronic conditions like cancer, chronic pain, fibromyalgia, epilepsy and 

multiple sclerosis because it offers a long duration of action sometimes lasting up to 72 

hours, however has a delayed onset of effect (Grotenhermen, 2004a). It is essential to 

educate patients about how to apply and remove patches and point out not to use damaged 

patches. Formulating transdermal patch could be challenging, penetration enhancers 

could be needed in the formulation to improve the penetration of medicinal cannabis 

throughout the skin layers (Grotenhermen, 2004a; Bruni et al, 2017; Lucas et al, 2018). 

Spray form was popular among multiple sclerosis group, considering the approved 

nabiximol, oro-mucosal spray may provide improvements for spasticity in multiple 

sclerosis conditions (Novotna et al, 2011; Koppel et al, 2014; Whiting et al, 2015; Rice 

& Cameron, 2018; Freeman et al, 2019). 

Topical and inhalation dosage form preferences of users in relation to medicinal cannabis 

currently being used and potential users in relation to prior cannabis dosage form(s) 

administered was assessed. Medicinal cannabis users making use of Pedanios and 

Bedrocan flowers rated cannabis cigarette as the most preferred dosage form, while 

Bediol flower and CBD oil users preferred tincture form of medicinal cannabis. Bediol 

users also preferred electronic cigarette form and CBD oil users also preferred ointment 

form. Potential users who administered cannabis cigarette and edibles rated cannabis 
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cigarette as the most preferred dosage form, while participants with electronic cigarette 

or vape experience preferred electronic cigarettes and participants with drinking oil and 

tincture experience preferred tinctures. Drinking oil group also preferred ointments as 

much as the tinctures. Eye drop group rated cannabis eye drop with the lowest score 

possible, this indicates that cannabis eye drop is not a pleasant dosage form to administer. 

The results demonstrate the influence of patients’ experience in dosage form preferences. 

It is worthy to give the possibility for every medicinal cannabis user to experience a 

variety of formulations, make self-comparisons and decide which form works the best for 

their condition. Giving a possibility to make clinical judgement is important to identify 

advantages and disadvantages between different formulations and determine which 

formulation is more patient-centred in terms of administration. Sometimes the decision 

taken by patients may not be the best for treating their condition, such as the importance 

of using eye drops in glaucoma. Cannabis eye drop was the least preferred dosage form 

among the two study populations. Patients may discuss their preference with their medical 

practitioner and choose an option which is convenient and effective for their condition. 

4.2 Published literature about medicinal cannabis dosage forms and patient’s opinion 

A general systematic review of the literature identified 89 studies which focused on 

cannabis dosage forms in the last 10 years. Studies were mainly performed in the USA. 

Participants in the studies were recreational cannabis users, healthy volunteers or 

medicinal cannabis users. There were only a few studies which considered medical 

conditions, among which the focus was about single medical conditions. Forty-three 

studies included less than 20 participants and 28 studies included between 20 and 50 

participants. The majority of the identified studies included single dosage form of 

cannabis and focused on smoked form, followed by oral form of cannabis. These findings 

are in accordance to the review in Canada (Russell et al, 2018). The scope in the studies 
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were mainly the pharmacodynamics and pharmacokinetic profile of cannabis, few studies 

focused on opinions about cannabis dosage forms. The findings demonstrate the lack of 

studies with high number of participants and with multiple dosage forms. This could be 

due to the selection criteria used to recruit the participants which were mainly volunteers 

such as recreational cannabis users who are currently consuming cannabis or volunteers 

without medical conditions. Evaluation of pharmacokinetics and pharmacodynamics are 

essential in understanding the dosage forms better, however most of the articles focused 

on smoked and oral forms of cannabis. Considering the variety of administration routes 

available to administer cannabis, there is a need for the evaluation of dosage forms other 

than smoked and oral forms. 

A systematic review of the literature identified 10 studies which are based on opinion of 

patients or medicinal cannabis users about cannabinoid dosage forms, in the last 10 years. 

Studies were mainly performed in the USA. Participants of the studies were generally 

medicinal cannabis users since this was the inclusion criteria. Six studies included 

multiple medical conditions, while three focused on a single medical condition. Four 

studies included less than 100 participants. Studies included one medicinal cannabis 

dosage form or compared 2 forms. Studies which involved multiple forms did not include 

more than 8 dosage forms and overall included smoked, vaped, inhaled, oral, sublingual, 

edible and rectal forms of medicinal cannabis. Scope in the studies were opinion of 

patients or medicinal cannabis users on cannabinoid dosage forms, likes and dislikes 

about cannabis dosage forms. 

The systematic reviews identified that studies on patient preferences and studies with 

multiple dosage forms of cannabis are lacking. Other systematic reviews in the last 10 

years mainly focused on the efficacy (Andreae et al, 2015; Amato et al, 2017; Aviram & 

Samuelly-Leichtag, 2017; Blake et al, 2017; Häuser et al, 2017; Lim et al, 2017; Halladay 
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et al, 2018; Mücke et al, 2018; Elliott et al, 2019; Hoch et al, 2019) and/or safety (Gloss 

& Vickrey, 2014; Koppel et al, 2014; Deshpande et al, 2015; Fitzcharles et al, 2016b; 

Kansagara et al, 2017; Allan et al, 2018; Kafil et al, 2018; French et al, 2019; Ghasemiesfe 

et al, 2019; Kleckner et al, 2019; van der Steur et al, 2020) of cannabis generally on a 

specific medical condition. Of these only four reviews included the type of dosage form(s) 

of cannabis being discussed (Häuser et al, 2017; Halladay et al, 2018; Kafil et al, 2018; 

French et al, 2019). There were some systematic reviews focusing on the prevalence of 

cannabis use (Chapman et al, 2017; Papazisis et al, 2018; Sarvet et al, 2018; Fataar et al, 

2019; Kleckner et al, 2019). Both systematic reviews conducted in this study were 

cannabis dosage form-focused, while many other reviews found in literature did not take 

into consideration the dosage form of cannabis. 

4.3 Limitations of the Study and Recommendations for future research 

The current database of medicinal cannabis users does not contain the email address of 

all the patients who are taking medicinal cannabis, therefore, the whole sample of 

medicinal cannabis users could not be reached. The preferences and outcomes of using 

cannabis dosage forms could be tested on a larger sample in the future to improve the 

representation of the studied population. 

The study was limited to a single country where only flower formulations of cannabis are 

approved and patients did not use many forms of cannabis. However this was seen in 

other studies assessing opinion of patients on cannabis dosage forms (Elliott et al, 2016; 

Lee et al, 2016; Daniulaityte et al, 2017; Bruce et al, 2018; Cavazos-Rehg et al, 2018; 

Kerai et al, 2018; Sagar et al, 2018; Meyer et al, 2019).  Future studies comparing the 

opinions of medicinal cannabis users in different countries and using different dosage 

forms can be conducted.  
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Another limitation is that only studies which were accessible as full text through HyDi 

were selected for the systematic reviews. Studies which required a fee to be accessed were 

omitted from the study. This could have led to the rejection of articles which would have 

contributed to the systematic review. 

Smoking status of the participants could be assessed in further studies to be able to see if 

smoked forms of cannabis are mostly preferred by cigarette smokers.  

The physico-chemical characteristics of cannabis make it difficult to formulate this 

medicine for different routes of delivery. More studies are needed to overcome the 

complexity of cannabis and enhance its poor solubility. Possible strategies like particle 

size reduction, addition of water-soluble carriers or emulsifying agents, complexation 

with cyclodextrins and additions of penetration enhancers for topically applied 

formulations can be suggested for improving the physico-chemical characteristics of 

medicinal cannabis. 

4.4 Conclusion 

Taking a patient-centred approach when formulating medicinal products is essential in 

improving the quality of life of patients. This study contributes to the knowledge about 

perception of patients and patient-centred cannabis delivery systems, by evaluating the 

opinion of users and potential future users of medicinal cannabis about the preferred 

methods of administration. In Malta, cannabis flowers are currently approved for use with 

vaporisers or administered orally as tea. Although patients are happy with their current 

mode, they would like to try other modes of medicinal cannabis. The availability of other 

dosage forms would lead to access of dosage forms which are preferred by patients. 

Patient-preferred oral delivery systems are cookies or food items, tea and drinking oil for 

medicinal cannabis users, while water, vegetarian capsule and tea forms are preferred by 
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potential users of medicinal cannabis. Patient-preferred topical and inhalation delivery 

systems are cannabis cigarette, tincture, electronic cigarette by users and patches, 

tinctures and ointments by potential users. Each dosage form has its advantages and 

disadvantages. Considering the impact of smokable forms of cannabis in respiratory 

health, it would not be ideal to support the availability and support of cannabis cigarette 

and electronic cigarette for patients. Dosage forms preferred by patients can be convenient 

to administer in public places, while still achieving a long duration of effect. Using tea, 

drinking oil, water, tincture and patch forms of cannabis could be beneficial for paediatric 

and elderly populations as well as for conditions with eating difficulties including 

anorexia and palliative care, post-surgery and dental conditions. Medicinal cannabis can 

be included in the formulary or provide a partial reimbursement scheme for patients with 

chronic conditions for which medicinal use of cannabis is approved by the scientific 

community. The availability of the different dosage forms preferred by patients, other 

than cannabis flowers and a less complex process, ensures a patient-centred medicinal 

cannabis delivery system and an improved medication access.  
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Table 3. 35 Suggested changes in the validation process for MDMCU English 

questionnaire 

Question 

Number 

Question Before 

Validation 

Suggested Change 

Demographics  Locality…………….. 

1 ☐ Pain 

☐ Nausea and vomiting 

☐ Cancer 

☐ Arthritis 

☐ Cancer 

☐ Nausea and vomiting 

☐ Pain 

☐ Other (Please Specify:…..) 

☐ Arthritis 

☐ Pain 

☐ Other (Please Specify:….) 

2 medicinal cannabis 

☐ More than 2 weeks 

☐ Less than 6 months 

☐ More than 6 months 

☐ A year 

prescribed medicinal cannabis 

☐ 1 to 4 weeks 

☐ 1 to 6 months 

☐ 6 to 12 months 

☐ More than 12 months 

☐ Other (Please specify: …………..) 

4 

 

Did you try other types of 

cannabis? 

Did you try other types of cannabis 

other than that specified in question 3? 

5 ☐ 15 minutes 

☐ 30 to 60 minutes 

☐ 90 minutes 

☐ 2 to 3 hours 

☐ 4 to 5 hours 

☐ From 1 up to 15 minutes 

☐ From 15 up to 60 minutes 

☐ From 60 up to 90 minutes 

☐ From 1.5 up to 3 hours 

☐ From 3 up to 5 hours 

6 ☐ 1 hour 

☐ 6 hours 

☐ Up to 12 hours 

☐ 72 hours 

☐ 1 to 2 hours 

☐ 4 to 6 hours 

☐ 6 to 12 hours 

☐ 12 to 72 hours 

7 ☐ Vomiting ☐ Nauseated or 

    Nausea and vomiting 

11 Why not? What keeps you from doing so? 

12 Please rank your preferred 

dosage form from the 

following list (where 1 is 

the most preferred and 12 

is the least preferred). 

 

Please rate your preferred dosage form 

which are administered orally, rectally 

or systemically from 1 to 5 according 

to your preference (where 1 is the 

least preferred, 3 is neutral and 5 is 

the most preferred). 

13 Please rank your preferred 

dosage form from the 

following list (where 1 is 

the most preferred and 12 

is the least preferred). 

Please rate your preferred dosage form 

which are administered topically or 

via inhalation from 1 to 5 according to 

your preference (where 1 is the least 

preferred, 3 is neutral and 5 is the 

most preferred). 
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Table 3. 36 Suggested changes in the validation process for MDNMCU English 

questionnaire 

Question 

Number  

Question Before Validation Suggested Change 

Demographics  Locality…………….. 

4 ☐ Yes 

☐ No 

☐ Yes 

☐ No 

☐ Not sure 

7 ☐ Electronic cigarette ☐ Electronic cigarette or vape 

9 ☐ Yes (go to question 10) 

☐ No (go to question 11) 

☐ Yes (go to question 10) 

☐ No (go to question 11) 

☐ I don’t know (go to question 11) 

10 Why? 

……………………………… 

Why? (You may choose more than 

1 option). 

☐ I have been reading a lot about it 

☐ I have heard of others who 

benefitted 

☐ My doctor has already suggested 

it 

☐ Mainstream medication is not 

enough 

☐ I would simply like to try          

☐ Other (Please Specify: 

…………………) 

11 Why not? 

……………………………… 

Why not? (You may choose more 

than 1 option). 

☐ I do not believe it has any 

therapeutic value 

☐ I do not believe it will help me 

but it might help others 

☐ I would not know from where to 

start 

☐ I am afraid of side-effects 

☐ I am afraid of long-term health 

consequences 

☐ It is difficult to get a doctor to 

prescribe it 

☐ The whole process is too 

complicated 

☐ I am afraid of the social 

implications 

☐ Other (Please Specify: 

…………) 
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Table 3.36 (cont.) Suggested changes in the validation process for 

MDNMCU English questionnaire 

Question 

Number  

Question Before Validation Suggested Change 

12 Please rank your preferred 

dosage form from the 

following list (where 1 is the 

most preferred and 12 is the 

least preferred). 

Please rate the following dosage 

forms which are administered 

orally, rectally or systemically 

from 1 to 5 according to your 

preference (where 1 is the least 

preferred, 3 is neutral and 5 is the 

most preferred). 

13 Please rank your preferred 

dosage form from the 

following list (where 1 is the 

most preferred and 12 is the 

least preferred). 

Please rate the following dosage 

forms which are administered 

topically or via inhalation from 1 

to 5 according to your preference 

(where 1 is the least preferred, 3 

is neutral and 5 is the most 

preferred). 
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Table 3. 37 Topical and inhalation dosage form preferences according to locality 

 Medicinal Cannabis 

Users (N=58) 

Potential Medicinal 

Cannabis Users (N=80) 

 Form Locality Sample Mean p-value Sample Mean p-value 

Cannabis 

cigarette 

Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

15 

16 

6 

4 

16 

1 

3.87 

4.44 

2.83 

3.50 

4.31 

3.00 

0.103 28 

11 

22 

11 

6 

2 

2.50 

3.91 

2.23 

3.00 

2.67 

3.00 

0.255 

 

Electronic 

cigarette 

Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

14 

15 

6 

3 

14 

1 

3.07 

3.53 

3.50 

3.33 

4.43 

1.00 

0.104 25 

9 

22 

10 

5 

1 

2.00 

2.89 

2.45 

2.60 

3.40 

5.00 

0.271 

Inhaler Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

14 

16 

6 

4 

13 

1 

3.21 

3.19 

2.83 

4.50 

3.08 

1.00 

0.227 

 

26 

11 

21 

8 

4 

1 

2.62 

2.55 

3.57 

3.00 

3.50 

5.00 

0.211 

 

Nebuliser Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

13 

16 

6 

4 

11 

1 

2.15 

2.31 

2.50 

3.75 

2.27 

1.00 

0.406 

 

25 

8 

21 

8 

5 

1 

2.12 

1.75 

2.57 

2.50 

3.00 

1.00 

0.333 

 

Spray Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

13 

14 

6 

2 

12 

1 

2.46 

3.07 

3.50 

2.50 

2.83 

1.00 

0.321 

 

26 

9 

22 

8 

5 

1 

2.54 

2.22 

3.55 

3.38 

3.40 

1.00 

0.088 

 

Tincture Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

17 

14 

5 

3 

15 

1 

3.65 

3.21 

3.40 

3.00 

3.53 

5.00 

0.709 

 

27 

11 

22 

7 

5 

1 

2.81 

3.18 

3.18 

3.00 

3.20 

5.00 

0.803 
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Table 3.37 (cont.) Topical and inhalation dosage form preferences according to 

locality 

 Medicinal Cannabis 

Users (N=58) 

Potential Medicinal 

Cannabis Users (N=80) 

 Form Locality Sample Mean p-value Sample Mean p-value 

Cream Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

15 

14 

6 

3 

12 

1 

3.00 

3.00 

2.83 

2.33 

3.17 

1.00 

0.538 

 

26 

8 

21 

7 

5 

1 

2.92 

3.00 

3.14 

2.71 

2.60 

1.00 

0.808 

 

Balm or 

Ointment 

Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

15 

14 

6 

3 

12 

1 

2.87 

3.21 

2.83 

2.33 

3.08 

1.00 

0.442 

 

24 

8 

21 

7 

5 

1 

3.17 

2.88 

3.05 

2.57 

3.00 

1.00 

0.749 

 

Shampoo, 

Conditioner, 

Body wash 

Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

13 

14 

6 

3 

13 

1 

2.69 

2.57 

3.00 

3.00 

2.92 

1.00 

0.773 

 

26 

8 

21 

6 

5 

1 

2.65 

2.50 

3.00 

2.33 

3.00 

1.00 

0.689 

 

Apply oil on 

skin 

Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

15 

14 

5 

3 

13 

1 

3.07 

2.79 

3.20 

3.67 

3.23 

1.00 

0.629 

 

25 

8 

21 

9 

5 

1 

2.96 

2.75 

3.19 

2.56 

3.00 

1.00 

0.722 

 

Eye drop Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

13 

14 

6 

3 

12 

1 

1.62 

2.14 

2.67 

2.33 

2.42 

1.00 

0.415 

 

25 

8 

21 

7 

5 

1 

2.28 

1.13 

2.14 

1.43 

3.00 

1.00 

0.082 

Patch Southern Harbour 

Northern Harbour 

South Eastern 

Western 

Northern 

Gozo 

13 

14 

6 

3 

12 

1 

2.54 

2.43 

3.17 

2.33 

2.83 

1.00 

0.612 26 

10 

20 

8 

5 

1 

3.54 

1.90 

3.45 

2.63 

3.60 

1.00 

0.069 
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Table 3. 38 General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

Australia 33 drivers N/A Smoked 

marijuana, 

alcohol 

The effect of three 

doses of cannabis and 

alcohol alone and co-

administered, on 

driving performance  

High levels of cannabis 

induced greater 

impairment, while 

alcohol had few effects 

and no synergistic 

effects were observed. 

Lenné et al, 

2010 

UK 15 men with 

cannabis 

exposure 

Healthy Oral D-9-THC, 

CBD and 

intravascular D-

9-THC, CBD 

Neurophysiological 

effects on brain when 

Cannabidiol (CBD) 

and 

Tetrahydrocannabinol 

(THC) are co-

administered 

CBD pre-treatment 

precluded the acute 

psychotic symptoms 

caused by D-9-THC. 

CBD and D-9-THC can 

have opposing effects 

on regional brain, 

explaining variances in 

symptomatic and 

behavioural effects. 

Bhattacharyya et 

al, 2010 

Switzerland 12 male 

volunteers 

Healthy Smoked THC 

cigarette 

Profile of Δ9-THC 

and its metabolites 

(THC-OH, THC-

COOH) in plasma and 

urine after cannabis 

smoking 

In addition to THC-

COOH, THC and THC-

OH should be utilised 

for the urine analysis. 

Brenneisen et al, 

2010 
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Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

USA 

 

86 pregnant 

women (38 

cannabis 

users and 48 

non-users) 

Pregnant 

cannabis 

consumers 

Smoked cannabis 

cigarette and 

tobacco 

Prenatal exposure of 

cannabis and tobacco 

smoking, oral fluid 

(OF) sample 

collection 

Prenatal exposure to 

cannabis was linked 

with reduction in foetal 

growth. Meconium 

testing can detect 

prenatal cannabis 

exposure which occurs 

in the third trimester of 

gestation. 

Gray et al, 2010 

 

USA 

 

10 subjects 

with 

cannabis 

smoking 

history 

N/A Oral THC and 

oro-mucosal 

Sativex spray 

Quantification in 

concentrations of 

CBD, Δ9-THC and its 

metabolites in plasma 

by two-dimensional 

gas chromatography 

mass spectrometry 

(2D-GCMS) 

This 2D-GCMS assay 

presents a new way of 

quantifying CBD, THC 

and the metabolites. 

Karschner et al, 

2010 

 

USA 

 

28 male 

chronic, daily 

cannabis 

smokers 

N/A Smoked cannabis Quantification of 

cannabinoid 

concentrations for 

chronic, daily 

cannabis smokers 

THC, THCCOOH, 

CBD and CBN 

(Cannabinol) 

concentration 

quantification in oral 

fluid is suggested. 

Lee et al, 2011 
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Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

USA 

 

10 male daily 

cannabis 

smokers 

N/A Oral THC, oral 

CB1 

(cannabinoid-1) 

receptor 

antagonist 

Assessing cannabis 

withdrawal effects in 

relation to antagonist 

administration 

Pre-determined criteria 

for antagonist-triggered 

cannabis withdrawal 

were not observed at 

doses of 20 or 40 mg of 

rimonabant. 

Gorelick et al, 

2011 

 

USA 

 

6 cannabis 

users 

Free from 

psychiatric 

disorders 

Oral THC, 

Nabilone and D9-

THC 

Cannabis users survey 

to differentiate 

between oral THC 

versus placebo 

(Nabilone and D9-

THC administered 

alone and in 

combination) 

Cannabis combined 

Nabilone may be safe 

and well tolerated. 

 

Lile et al, 2011 

 

Canada 23 

recreational 

cannabis 

users 

Healthy Spray vs. capsule 

 

To evaluate the abuse 

potential of 

nabiximols at three 

doses, with placebo 

and dronabinol at two 

doses 

Both dronabinol and 

nabiximols had 

meaningful abuse 

potential at high doses. 

Nabiximols showed 

slightly less abuse 

potential than 

dronabinol. 

Schoedel et al, 

2011 
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Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country

  

Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

USA 10 

participants 

Healthy Smoked cannabis Pharmacokinetics of 

whole-blood and 

plasma cannabinoid 

following controlled 

smoked cannabis 

administration 

 

Human whole-blood 

cannabinoid profile 

after smoking cannabis 

can help in whole blood 

and plasma cannabinoid 

evaluation by 

identifying recent 

cannabis ingestion. 

Schwope et al, 

2011 

 

USA 10 cannabis 

smokers  

Healthy Oral THC Cannabinoids and 

cannabinoid 

metabolites detection 

in oral fluid 

Quantification of 

THCCOOH may 

advance the detection 

and elucidation for OF 

tests 

Milman et al, 

2011 

USA 9 cannabis 

smokers 

N/A Oral and oro-

mucosal cannabis 

Pharmacokinetics of 

controlled orally D-9-

THC and oro-

mucosally 

administered cannabis 

extract 

CBD modulation of 

THC’s effects is not 

due to a 

pharmacokinetic 

interaction. 

Karschner et al, 

2011 

USA 24 vaporized 

cannabis 

exposed 

subjects 

Chronic non-

cancer 

pain 

Vaporized 

cannabis 

Further research on 

vaporized cannabis 

effect on opioid 

plasma levels in 

chronic non-cancer 

pain 

“Vaporized cannabis 

does not meaningfully 

affect opioid plasma 

levels and may augment 

the efficacy in patients 

with chronic noncancer 

pain.” This comment is 

hard to fault.  

Abrams et al, 

2011; Ware, 

2011 
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Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country

  

Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

The 

Netherlands 

12 occasional, 

12 heavy 

cannabis users 

Healthy Oral cannabis 

(Dronabinol) 

Effects on driving 

performance 

 

 

 

Dose-dependent 

Dronabinol impairs 

driving performance 

but to a smaller degree 

in heavy users may be 

due to tolerance. 

Bosker et al, 

2012 

 

Germany 12 occasional 

and 12 heavy 

cannabis users 

Healthy Smoked cannabis 

in combination 

with tobacco 

Tolerance evaluation 

of occasional and 

heavy users of 

cannabis following 

acute administration of 

Δ9-THC  

Heavy users of 

cannabis develop 

tolerance to several 

behavioural effects of 

cannabis. 

Theunissen et al, 

2012 

 

 

 

 

UK 15 occasional 

cannabis users 

(men) 

Healthy Gelatine capsules The acute effects of 

A9-THC and CBD on 

brain function  

Δ9-THC and CBD 

modulate striatal 

differentially, and 

hippocampal and 

prefrontal function 

during attentional 

salience processing. 

 

Bhattacharyya et 

al, 2012 

Australia A chronic 

cannabis 

smoker 

Healthy Smoked cannabis Development of a 

method for detecting 

delta-9-THC in oral 

fluid which is 

applicable to small 

volumes and low 

concentrations 

A sensitive and rapid 

method for detecting 

THC was developed 

and validated. The 

method is applicable 

for forensic purposes. 

Molnar et al, 

2012 
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Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

USA 10 adult 

cannabis 

users 

Healthy Smoked cannabis Cannabinoids in OF 

after 

controlled smoked 

cannabis 

THCCOOH in OF 

indicates no passive 

contamination, CBD 

and CBN indicate 

recently smoked 

cannabis. 

Milman et al, 

2012 

 

USA 136 adult 

regular 

marijuana 

users 

Free from 

psychotic 

disorders 

Smoked 

marijuana 

Pharmacological 

effects and expecting 

to receive cannabis 

Effects of cannabis on 

impulsive disinhibition 

express direct 

pharmacologic effects 

for participants which 

did not compensate. 

Metrik et al, 

2012 

USA 10 cannabis 

smokers 

Free from 

clinically 

significant 

illness 

Smoked cannabis Variance of 

cannabinoid oral fluid 

stability following 

controlled cannabis 

smoking. 

Using devices with an 

elution or stabilization 

buffer, storing the 

sample at 4 °C and 

analysing within 4 

weeks may greatly 

contribute the result 

accuracy in OF 

collection. 

Lee et al, 2012 

Germany 227 samples 

with 

synthetic 

cannabinoids 

in serum 

N/A Spice products 

and herbal 

mixtures 

Analysing synthetic 

cannabinoids in serum 

using liquid-liquid 

extraction and mass 

spectrometer 

The method involves 

24 synthetic 

cannabinoids, which 

were previously 

identified in herbal 

mixtures. 

Kneisel & 

Auwärter, 2012 



239 

 

Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

USA 50 volunteers  Healthy  Capsules Dextroamphetamine 

(AMP) and Δ9-THC 

effects on false 

memory using the 

Deese/Roediger-

McDermott illusion 

AMP increased 

memory of studied 

words while THC 

reduced. False memory 

was not influenced 

significantly by neither 

drug compared to 

placebo.  

Ballard et al, 

2012 

USA 10 

participants 

N/A Smoked cannabis Stability of 

cannabinoids in blood 

and plasma 

For accurate 

quantitative results, 

blood and plasma 

cannabinoid samples 

could be stored at -20 

°C and for no more 

than 3 and 6 months.  

Scheidweiler et 

al, 2013 

USA 11 cannabis 

smokers 

N/A Smoked vs. oral 

cannabis 

OF cannabinoid 

testing 

Oral dosing of THC 

considerably influenced 

THCCOOH in OF, but 

minimally affected 

THC OF 

concentrations. 

Lee et al, 2013a 
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Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

USA 30 

participants 

Healthy  Capsule vs. 

smoked cannabis 

Comparing the 

magnitude and 

duration of effects of 

smoked cannabis and 

dronabinol 

Cannabis and 

dronabinol reduced 

pain. Dronabinol 

produced longer-lasting 

effects in pain 

sensitivity and lower 

ratings for abuse-

related effects. 

Cooper et al, 

2013 

USA 13 male 

chronic daily 

cannabis 

smokers 

Free from 

clinically 

significant 

medical 

disease 

Oral THC Variations in sleep 

characteristics over 

time and associations 

with plasma 

cannabinoid 

concentrations 

Somnolence from oral 

THC may dissipate 

when used chronically 

at a high-dose. 

Gorelick et al, 

2013 

USA 14 regular 

marijuana 

smokers 

Healthy Two formulations 

of oral cannabis 

Cognitive and 

cardiovascular dose-

effect profile of oral 

forms of cannabis in 

smokers of marijuana. 

Nabilone improves the 

mood with lawful 

cardiovascular 

alterations than 

dronabinol. Nabilone 

was well tolerated and 

had better 

bioavailability. 

Bedi et al, 2013 
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Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

USA 44 subjects Free from 

psychiatric 

disorders 

Injected THC 

(intravascular) 

Effects of frequently 

consumed cannabis 

on time perception 

Chronic cannabis use 

and dose had no 

influence on time 

perception. Infrequent 

users observed to show 

temporal 

overestimation. 

Sewell et al, 

2013 

USA 11 cannabis 

smokers 

Healthy Smoked cannabis 

and capsule 

Nabilone 

administration on 

cannabis withdrawal 

symptoms and 

marijuana relapse 

relative to placebo. 

Nabilone decreased 

cannabis relapse and 

reversed withdrawal-

related irritability, sleep 

disturbance and food 

consumption. 

Haney et al, 

2013 

USA 11 chronic 

cannabis 

smokers 

Free from 

medical 

conditions 

Oral vs. smoked 

cannabis 

Assessing OF and 

plasma cannabinoid 

ratios 

The association 

between OF and plasma 

concentrations is 

important for making 

conclusions about 

clinical outcomes. 

Lee et al, 2013b 

USA 24 cannabis 

smokers 

Free from 

clinically 

significant 

illness 

Smoked cannabis Differences in OF 

cannabinoid 

concentrations before 

and after smoking 

THC 

Detection of 

THCCOOH varied for 

chronic regular 

cannabis smokers 

(more than 30 hours) 

and for occasional 

smokers (0–24 hours). 

Anizan et al, 

2013 



242 

 

Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

Switzerland 22 

occasional, 

14 heavy 

cannabis 

smokers 

Healthy Smoked cannabis Sociodemographic 

comparison of 

occasional and heavy 

cannabis smokers 

Confusion was sensed 

by the regular smokers 

was much lower 

compared with the 

occasional smokers and 

the feeling of 

intoxication remained 

unchanged. 

Fabritius et al, 

2013 

USA 7 cannabis 

users 

Free from 

psychiatric 

conditions 

Oral cannabis Pharmacokinetic and 

pharmacodynamic 

findings of oral Δ9 –

THC at 

supratherapeutic 

doses 

Large doses of oral D9‐
THC can be 

administered to people 

with cannabis use 

history, the 

pharmacokinetic 

variability of oral D9‐
THC dose adjustment 

based on individual is 

necessary for avoiding 

side effects, 

maximizing therapeutic 

effect. 

Lile et al, 2013 

The 

Netherlands 

12 older 

subjects 

Healthy Oral tablet The safety and 

pharmacokinetics of 

Namisol® (THC) 

THC was observed to 

be safe and well 

tolerated by healthy and 

older individuals. 

Ahmed et al, 

2014 
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Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

USA 11 occasional 

and 14 

regular 

smokers 

Healthy Smoked cannabis Quantification of 

blood and plasma 

cannabinoids in 

regular and occasional 

cannabis smokers 

Smoking history of 

cannabis plays an 

important role in 

detection. The 

existence of CBD, 

CBN or THC-

glucuronide indicates 

recent use. 

Desrosiers et al, 

2014 

Switzerland 25 occasional 

and 23 heavy 

smokers 

N/A Smoked cannabis Differences between 

the occasional and 

regular smokers 

A free THCCOOH 

concentration less than 

3 μg/L suggests an 

occasional use (≤ 1 

joint/week) which no 

medical assessment 

would be required. 

Fabritius et al, 

2014 

USA 10 occasional 

and 14 

frequent 

smokers 

Free from 

clinically 

significant 

illness 

Smoked cannabis Cannabinoid 

disposition in oral 

fluid after controlled 

cannabis smoking 

The Oral-Eze® 

collection device was 

effective for monitoring 

the oral fluid 

cannabinoids in 

occasional and frequent 

smokers. 

 

Newmeyer et al, 

2014 

Germany 15 subjects Healthy Oral THC Oral Δ9-THC (20 mg) 

impact on the 

olfactory function 

THC-based medicines 

may be linked to 

noticeable decline in 

olfactory acuity. 

Walter et al, 

2014 
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Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

Canada 16 patients Chemothera

py-induced 

neuropathic 

pain (CINV) 

Oro-

mucosal spray 

Pain intensity and 

outcome measure 

Five respondents stated 

a two-point or more 

decrease in their pain. 

Nabiximols can be 

useful as an adjunctive 

for treating CINV. 

Lynch et al, 

2014 

USA 11 daily 

cannabis 

smokers 

Healthy Oral vs. smoked 

cannabis 

Pharmacokinetics 

profile in chronically 

smoked cannabis and 

oral THC 

Oral THC dosing aid in 

suppression in 

withdrawal symptoms, 

after smoking THC 

concentrations were 

noticeable for short 

period to identify 

cannabis relapse. 

Milman et al, 

2014 

Switzerland 1763 

cannabis 

users 

Non-medical 

conditions 

Joint with or 

without tobacco, 

water pipe, mixed 

with food 

Method of 

administration, 

problematic cannabis 

and 

illicit drug use 

Diversity in 

administration routes 

can be linked to heavy 

use of drugs (water 

pipe). Users of cannabis 

without tobacco were 

the exception. 

Baggio et al, 

2014 

Australia 10 users with 

withdrawal 

symptoms 

Stable 

medical or 

psychiatric 

conditions 

Oro-mucosal 

spray 

The roadside 

screening tests for 

patients taking 

Sativex®  

Sativex® users may 

have positive results for 

THC drug testing 

within 2-3h of use. 

Molnar et al, 

2014 
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Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

France 88 patients Patients with 

lung cancer 

undergoing 

surgical 

operation  

Smoked 

marijuana 

Natural and synthetic 

cannabinoids impact 

on cholinergic 

bronchial contraction 

Prejunctional CB1 

receptors activation 

mediates decrease the 

electrical field 

stimulation-evoked 

cholinergic contraction 

in human bronchus, this 

could explain the acute 

bronchodilation caused 

by cannabis smoking. 

Grassin-Delyle 

et al, 2014 

USA 29 male 

cannabis 

smokers 

Healthy Smoked cannabis Withdrawal effects of 

cannabis in chronic 

frequent smokers 

More intense 

abstinence symptoms 

were observed in the 

initial phase. Sleep 

disturbance persisted 

for a long period; 

therefore, hypnotics 

may be helpful for the 

treatment of cannabis 

dependence. 

Lee et al, 2014 

USA 32 adult 

cannabis 

smokers 

Healthy Vaporizer Blood and plasma 

concentrations before 

and after ingestion 

Higher blood THC 

values were observed 

when co-administered 

with alcohol, possibly 

there is a greater 

impairment in 

performance as a result 

of combination. 

Hartman et al, 

2015 
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Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

USA 3847 high 

school 

students 

N/A Electronic 

cigarette (e-

cigarette), 

electronic 

vaporizer (e-

vaporizer) 

Survey evaluating e-

cigarette and e-

vaporizer use 

Vaporizing cannabis 

with e-cigarettes was 

the common method. 

Students were utilising 

e-cigarettes to vaporize 

THC infused products 

such as hash oil and 

wax. Portable e-

vaporizers were utilised 

to vape dried leaves of 

cannabis. 

Morean et al, 

2015 

Israel 19 years old 

male patient 

Cancer Smoked and 

vaporized 

cannabis 

Identifying the safest 

method for 

immunocompromised 

patients to consume 

medicinal cannabis 

Systematic sterilization 

of medicinal cannabis 

can be essential in 

eliminating the risk of 

cannabis induced fatal 

opportunistic infections 

among 

immunosuppressed 

patient population. 

Ruchlemer et al, 

2015 

USA 16 cannabis 

smokers 

Healthy Smoked cannabis Cannabis stability in 

oral fluid 

For oral fluid 

concentration accuracy, 

analysis within 4 weeks 

at 4 °C storage or 

within 24 weeks at -

20 °C depending on the 

device used for 

collection. 

Anizan et al, 

2015 
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Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

USA 11 chronic 

cannabis 

smokers 

Free from 

psychiatric 

disease 

Smoked cannabis Oral fluid 

cannabinoid 

pharmacokinetics 

Oral fluid was greatly 

affected by the time of 

last smoke and 

composition of 

cannabis, frequency 

and increased 

administration, possibly 

showing occurrence of 

cannabis tolerance. 

Lee et al, 2015 

New 

Zealand 

One 

recreational 

synthetic 

cannabis user 

No previous 

seizure 

history 

Smoked cannabis Symptoms of 

smoking synthetic 

cannabinoids 

This was a case about a 

patient treated twice in 

12 hours for seizures 

caused by synthetic 

cannabis intoxication. 

Schep et al, 2015 

Switzerland 61 cannabis 

smokers and 

vapers 

N/A E-cigarette, e-

vaporizer, 

vaporizer, 

smoked cannabis 

Evaluating benefits 

and drawbacks of 

vaping cannabis 

compared to smoking 

Vaping helped half of 

the participants to 

reduce total cannabis 

consumption, had no 

impact for 37% and 

increased the 

consumption for 6%. 

Vaping was perceived 

as healthier and less 

odorous. Disadvantages 

were dry mouth and 

fewer positive cannabis 

effects. 

Etter, 2015 

 



248 

 

Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

USA 39 high 

school teens 

N/A Edibles Assessing cannabis 

edibles use, reasons to 

use and awareness of 

consequences by 

teens 

Both users and non-

users were aware of the 

consequences of using 

edibles. Female non-

users were more 

worried than other 

groups. 

Friese et al, 2016 

USA 31 

participants 

Healthy Oral CBD, 

smoked cannabis 

Effect of oral 

cannabidiol on 

smoked cannabis 

Orally administered 

CBD does not decrease 

the physiological or 

positive subjective 

effects of smoked 

marijuana. 

Haney et al, 

2016 

Italy 322 patients Spasticity in 

multiple 

sclerosis 

(MS) 

Oro-mucosal 

spray 

Outcomes associated 

with cannabis-based 

oro-mucosal spray 

During 3 months' 

observation, treatment 

discontinuations were 

limited and patients had 

significant 

improvements and less 

adverse events at mean 

daily doses that were 

30% lower than what is 

utilised in the 

randomized controlled 

trial in Germany. 

Trojano, 2016 
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Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

Italy 19 patients Treatment-

resistant 

spasticity in 

MS 

Oro-mucosal 

spray 

Assessing the effect 

of Sativex® before 

and 4 weeks after the 

treatment 

Sativex® showed 

clinical benefit on 

spastic hypertonia and 

by modulating both 

cortical and spinal 

circuits, it may 

influence the spinal 

excitability. 

Squintani et al, 

2016 

USA 54 

occasional, 

72 

frequent cann

abis smokers 

Healthy Smoked, 

vaporized, oral 

cannabis 

Pharmacokinetics of 

different dosage 

forms of cannabis 

Vaporization and 

smoking provide 

similar cannabinoid 

delivery. Presence of 

CBG (Cannabigerol) 

and CBN indicate 

recent use via 

inhalation and absence 

does not exclude it. 

Newmeyer et al, 

2016 

USA 32 young 

adults 

N/A Smoked 

cannabis, e-

cigarette, cigars, 

water pipe, 

vaporizer, edible 

Beliefs and practices 

about tobacco, 

marijuana and 

vaporiser use 

Smoking marijuana was 

common. Marijuana 

vaporisers were used at 

work or when driving. 

Young adults 

considered second-hand 

cannabis smoke as 

benign and second-

hand tobacco smoke as 

dangerous. 

McDonald et al, 

2016 
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Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

USA 54,309 

participants 

N/A Smoked cannabis 

as blunt, non-

blunt, cigar, dual 

cigar-blunt 

Assessing prevalence 

and correlations of 

substance use 

Blunt-only and cigar-

blunt users appeared as 

the most severe risk 

groups. 

Cohn et al, 2016 

Germany 15 volunteers Healthy Capsule Assessment of the 

central processing of 

THC on olfactory 

function 

Cannabinoids causing 

negative effects on the 

human sense of smell 

contributed in the 

literature that THC-

based medicines can be 

among drugs impairing 

olfactory function. 

Walter et al, 

2017 

USA 40 cigar or 

cigarillo users 

N/A Smoked cannabis Marijuana use and 

perceptions about 

marijuana products 

Cigarillo use is popular 

among young adults, 

mainly as blunts. 

Product features like 

brand, flavour, 

packaging and price 

effect the cigarillo 

choices. 

Giovenco et al, 

2017 

USA 9 frequent 

and 7 

occasional 

cannabis 

smokers 

Free from 

medical 

conditions 

Edible cannabis 

(cookie, brownie) 

Oral fluid and 

pharmacokinetics of 

cannabinoids  

THC concentrations in 

blood were higher in 

frequent than 

occasional smokers, 

concentrations in OF 

were similar. 

Newmeyer et al, 

2017 
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Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

Canada 3 patients Pyoderma 

gangrenosu

m  

Topical cannabis 

oil 

Pyoderma 

gangrenosum cases 

treated with topical 

medical cannabis in 

organic sunflower oil 

Topical medical 

cannabis improved pain 

with reduced opioid 

utilization in all three 

patients suffering from 

wounds of overall 

classes. 

Maida & 

Corban, 2017 

USA 11 regular 

and 9 

occasional 

smokers 

Healthy Oral, smoked and 

vaped cannabis 

Evaluation of 

subjective and 

physiological effects 

in regular and 

occasional cannabis 

consumer following 

placebo, smoked, 

vaped and orally 

taken cannabis 

All users had increase 

subjective effects with 

smoked and vaped 

cannabis, only 

occasional smokers 

showed tolerance for 

oral cannabis when 

used frequently. Vaped 

cannabis is more 

attractive than smoked 

or oral forms, effects 

appear quicker and 

doses can be titrated. 

Newmeyer et al, 

2017a 

USA 12,320 

students 

N/A E-vaporizer, 

smoked cannabis   

Evaluating electronic 

vaporizer and 

cannabis joint use 

prevalence 

Electronic vaporizers 

may provide a new 

route of cannabis 

administration that 

appeals to groups more 

than using cannabis 

joints. 

Eggers et al, 

2017 



252 

 

Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

USA 522 cannabis 

vapers 

N/A E-cigarette, vape-

pen, cannabis 

joint 

Preferences on types 

of vapes and 

motivations for 

vaping cannabis 

versus smoking 

Reasons to vape 

cannabis included: 

better taste, healthier, 

easier to hide, not 

strong smell, more 

convenient and 

produces better high 

than smoking cannabis. 

Morean et al, 

2017 

USA 5390 

marijuana 

users 

Healthy Edibles, smoked 

cannabis 

How edible cannabis 

users vary in cannabis 

use and perceived 

risks from non-edible 

cannabis consumers 

Edible users reported 

using cannabis more 

frequently compare to 

other marijuana users. 

Edible users were less 

likely to believe for 

edible use to be very 

risky. 

Friese et al, 2017 

USA 20 

participants 

N/A Edible cannabis 

(lollipops) 

Edible cannabis 

intoxication placebo 

effect 

Study demonstrates that 

placebo effect can be 

induced with edibles 

when consumers are 

told that they are 

receiving cannabis. 

Loflin et al, 

2017 
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Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

USA 11 regular, 9 

occasional 

cannabis 

smokers 

Healthy Smoked, vaped 

and edible 

cannabis 

Psychophysical 

evaluations (balance, 

walk and turn, one leg 

stand and turn tasks) 

eye exam (pupil size 

effects) 

Meaningful impairment 

was seen following oral 

administration. Pupil 

sizes were larger than 

the placebo at 3.5 hours 

for all participants. Oral 

administration 

worsened the 

performance on the 

psychophysical tasks. 

Newmeyer et al, 

2017c 

USA 7 frequent 

and 8 

occasional 

cannabis 

smokers 

Healthy Smoked cannabis Long-term stability of 

cannabis in OF 

Oral fluid specimens 

should be kept at 4 °C 

and not more than 2 

months for accurate 

quantitative results. 

Scheidweiler et 

al, 2017 

USA 31 frequent 

marijuana 

smokers 

Healthy Oral cannabis 

alone and co-

administered with 

smoked cannabis 

Abuse potential of 

oral CBD versus oral 

placebo and smoked 

cannabis 

CBD did not show any 

signals of abuse at 

doses 200, 400 and 800 

mg. These results may 

aid in informing U.S. 

regulatory decisions 

concerning schedule of 

CBD on the Controlled 

Substances Act. 

Babalonis et al, 

2017 
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Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

USA 30 cannabis 

users 

Healthy Oral cannabis Gender variances in 

endocannabinoid 

function and response 

to cannabis 

Females had greater 

subjective responses to 

5mg oral Δ9-THC than 

males. Males were 

more perceptive to the 

subjective effects at 

15mg dose of Δ9-THC. 

Fogel et al, 2017 

USA 18 

participants 

Healthy Oral cannabis Pharmacokinetics of 

oral cannabinoids in 

humans 

Cognitive effects were 

found to be dose 

dependent. Method 

used for cannabis 

administration is 

important regarding the 

toxicology. 

Vandrey et al, 

2017 

UK 24 non-

dependent 

cannabis and 

tobacco 

smokers 

Free from 

respiratory, 

psychiatric 

or physical 

disorders 

Smoked cannabis The effect of smoked 

cannabis alone and 

combined with 

tobacco on cannabis 

smokers 

Cannabis decreased like 

of cannabis-linked 

stimuli and cannabis 

demand, tobacco did 

not alter the beneficial 

effects of cannabis. 

Hindocha et al, 

2017 

USA 11 regular 

and 9 

occasional 

cannabis 

smokers 

Healthy Oral, smoked, 

vaporized 

cannabis 

Evaluating oral fluid 

of cannabis at three 

different 

administration routes 

Similar maximum time 

between routes were 

observed. More THC 

metabolites were seen 

with oral route relative 

to inhaled routes in 

occasional cannabis 

smokers. 

Swortwood et al, 

2017 
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Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

USA 17 cigar and 

cigarillo users 

N/A Smoked cannabis Survey about co-

administered cannabis 

and tobacco use, 

opinions about 

marijuana and its 

risks, and reasons for 

smoking 

Some participants were 

aware about the health 

consequences of 

cigarillo blunt use and 

had reasons for 

continuation in use. 

The reason for 

modifying non tipped 

cigarillos was the 

thinking that tobacco 

has low quality. 

Koopman 

Gonzalez et al, 

2017 

China 1 man Healthy E-cigarette Case report about the 

toxicity of accidently 

ingested synthetic 

cannabinoids 

contained in e-

cigarette liquid 

AB-FUBINACA and 

ADB-FUBINACA are 

the two synthetic orally 

bioavailable 

cannabinoids with rapid 

onset of toxicity after 

ingestion. This case 

resulted 

supraventricular 

tachycardia post-

exposure. 

Lam et al, 2017 

USA 13 daily 

cannabis 

users 

Free from 

psychiatric 

and cardiac 

disorders 

Smoked and oral 

cannabis 

Influence of high-

dose dronabinol on 

self-administration of 

cannabis among daily 

consumers 

Chronic dronabinol 

dosing may decrease 

self-administration of 

cannabis in daily 

consumers and abate 

withdrawal effects. 

Schlienz et al, 

2018b 
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Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

Germany 6 participants N/A Smoked cannabis Pharmacokinetics of 

synthetic inhaled 

cannabinoid JWH-

018 in urine 

Hydroxy metabolites of 

cannabis were found in 

concentrations less than 

1ng/ml and 10 hours 

later following 

inhalation, this may aid 

in evaluating time of 

use. 

Toennes et al, 

2018a 

USA 30 cigarillo 

smokers 

N/A Smoked cannabis Interview about 

preferences, beliefs 

and experiences with 

smoked products 

All participants smoke 

cigarillos. As 

preferences, cigarillos 

perceived to prolong 

the high of marijuana 

which promotes the co-

use and considered 

substitute for 

unavailable marijuana. 

Antognoli et al, 

2018 

Poland 50 consumers N/A Edible (as added 

in food) 

Three meat products 

were produced: one 

with hemp seed, one 

with hemp seed and 

linseed and one 

control. The products 

were tested by 

consumers on the 

fatty acid profile, 

texture and colour 

The hardness, 

chewiness and 

adhesiveness increased 

with oil seeds. The 

quality of added oil 

seed was comparable to 

the traditional ones. 

The products with 

hemp and linseed can 

be considered as a good 

source of fatty acids. 

Zając & 

Świątek, 2018 
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Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

Canada 265 patients 

prescribed 

with oral 

cannabinoids 

Pain, sleep 

disturbances, 

spasticity, 

anxiety and 

nausea 

Oro-mucosal 

spray, capsule 

The occurrence of 

problematic use of 

prescribed cannabis 

(PPCBU) and factors 

associated, in patients 

with cannabinoid 

therapy 

The PPCBU should be 

routinely evaluated and 

monitored during the 

therapy, especially for 

patients having 

psychiatric or substance 

use history.  

Ware et al, 2018 

Australia 80 patients Chemothera

py-induced 

nausea and 

vomiting 

(CINV) 

despite 

traditional 

antiemetics 

Capsule Evaluating complete 

response to CINV and 

influence on quality 

of life and health 

system 

This will be 

randomised cross-over, 

placebo-controlled pilot 

study and a subsequent 

phase III trial will 

include more patients. 

Mersiades et al, 

2018 

USA 62 edible 

marijuana 

consumers 

N/A Edibles vs. 

smoked cannabis 

Preferences of edibles 

over smoking 

marijuana, likes and 

dislikes about edible 

products 

Majority preferred 

edibles. Reasons for 

likes include 

convenience, 

discreetness, longer-

lasting and less intense 

euphoria, relaxation 

more than smoking. 

Dislikes included late 

effects and variable 

high and inconsistent 

marijuana dispersion. 

Giombi et al, 

2018 
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Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

USA 18 adults Healthy Edible (cannabis 

brownie) 

Pharmacokinetics of 

11-nor-9-carboxy-Δ9-

THC in urine 

Consuming cannabis 

brownies (10 and 25 

mg) provided 

THCCOOH 

concentrations different 

in magnitude and time 

course compared to 

previous reports on 

smoking route at 

similar doses. 

Schlienz et al, 

2018a 

UK 2501 

participants 

N/A Cannabis joint, 

vaporizer, e-

cigarette, oral, 

electronic 

nicotine devices  

The commonness of 

electronic vaping 

devices use for 

recreational purposes 

The majority of 

respondents consume 

cannabis via smoking 

route.  The most 

common lifetime 

recreational drug was 

cannabis vaped with e-

cigarettes. 

Blundell et al, 

2018 

USA 1313 college 

students 

N/A Vaporized 

cannabis 

Prevalence of vaping 

cannabis 

Students with the 

highest risk of initiating 

vaped cannabis were 

those with other 

cannabis and ENDS use 

history. 

Cassidy et al, 

2018 
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Table 3. 38 (cont.) General Systematic Review about Medicinal Cannabis Dosage Forms (N=89) 

Country Number of 

Participants 

Health 

conditions 

Dosage form(s) Scope of the study Main outcome Reference 

Germany 6 regular 

cannabis 

users 

Healthy Smoked cannabis Pharmacokinetic 

profile of JWH‐018 in 

oral fluid 

Maximum 

concentration of 

synthetic cannabinoid 

JWH‐018 in oral fluid 

was appeared within 

minutes following 

inhalation, metabolites 

were not detected. A 

considerable amount 

was eliminated in the 

following hour. 

Toennes et al, 

2018b 

Australia 35 adults Free from 

medical and 

psychiatric 

conditions 

THC oil Evaluation of delta-9-

THC in blood, oral 

fluid and urine after 

oral administration 

THC was not detected 

in blood, oral fluid or 

urine at any time-point 

after ingestion 

regardless of the dose. 

Hayley et al, 

2018 

Italy 15 patients MS with 

moderate to 

severe 

spasticity 

Oro-mucosal 

spray 

Assessment of 

complete neurological 

evaluation, including 

spasticity 

Oro-mucosal 

formulation of cannabis 

was more effective in 

easing the overactive 

bladder in MS patients 

indicating influence on 

over activity. 

Maniscalco et al, 

2018 
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Table 3. 39 Systematic Review about Preferences on Cannabinoid Dosage Forms (N=10) 

Country Number of 

participants  

Health conditions Dosage form(s) Scope of the 

study 

Main outcome Reference 

USA, 

UK, 

Canada, 

Australia, 

New Zealand, 

Finland, 

Hungary, 

Japan, 

Ireland, 

Mexico, 

Poland, 

South Africa 

975 medicinal 

cannabis users 

Loss of appetite, 

sedation and other 

conditions 

Smoked 

cannabinoids 

Preferences of 

medicinal 

cannabis users 

about synthetic 

cannabinoids 

(SC) versus 

natural 

cannabinoids 

(NC) 

Natural 

cannabinoids are 

favoured over 

synthetic ones by 

93% of consumers. 

The latter has fewer 

desirable effects. 

Winstock & 

Barrattc, 2013 

31 countries 

including 

USA (40 

states), 

Germany, 

France, 

Canada, 

The 

Netherlands, 

Spain 

953 medicinal 

cannabis users 

 

Back pain, 

depression, injury 

or accident-

induced pain, 

sleeping problems, 

multiple sclerosis, 

other 

Smoking vs. 

vaping vs. tea 

vs. food/tincture 

vs. oral vs. 

 THC vaporizer 

vs. oro-mucosal 

Preferences of 

medicinal 

cannabis users 

about 

administration 

methods 

Most preferred 

method of 

administering 

medicinal cannabis 

was smoking, 

followed by oro-

mucosal, vaporizing, 

oral as Dronabinol, 

food/tincture, tea, 

oral as Nabilone and 

THC vaporizer 

(Dronabinol) 

Hazekamp et al, 

2013 
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Table 3. 39 (cont.) Systematic Review about Preferences on Cannabinoid Dosage Forms (N=10) 

Country Number of 

participants  

Health conditions Dosage form(s) Scope of the 

study 

Main outcome Reference 

USA 2910 patients N/A Smoking vs. 

vaping 

Cannabis use 

characteristics 

according to 

method of 

administration, 

types of 

vaporizer devices 

used and 

preferences on 

smoking vs. 

vaping 

The most popular 

method was the 

vaping pen, 

followed by 

tabletop, portable 

device and e-

cigarette. Cannabis 

consumers who 

prefer vaping rated 

it as more positive 

experience relative 

to smoking. 

Lee et al, 2016 

USA 15 patients  Head and neck 

cancer 

Smoking vs. 

eating vs. 

vaporizing vs. 

other 

Preferred 

methods of 

administering 

marijuana 

products 

Patients noted 

preferred methods 

of use as smoking 

followed by eating, 

vaporizing and 

other (making own 

concentrated oil) 

Elliott et al, 

2016 
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Table 3. 39 (cont.) Systematic Review about Preferences on Cannabinoid Dosage Forms (N=10) 

Country Number of 

participants  

Health conditions Dosage form(s) Scope of the 

study 

Main outcome Reference 

USA 1082 patients 

 

Aid in sleeping 

problems, pain, 

appetite, control of 

nausea, quit using 

other substances, 

problems, get 

experiment 

Dabs/oil rig 

(special type of 

water pipe) vs. 

vape pen vs. 

pipe vs. 

marijuana joint 

vs. marijuana 

blunt vs. gravity 

bong vs. nectar 

collector vs. 

hookah 

Preferred 

methods of 

consuming 

marijuana 

concentrates 

Dabs rig was the 

most common 

method of 

consuming 

concentrates, 

followed by vape 

pens, pipe, 

marijuana joint, 

marijuana blunt, 

gravity bong, 

hookah, nectar and 

collector. 

Daniulaityte et 

al, 2017 

Western 

Australia 

33 medicinal 

cannabis users 

and  

38 health 

professionals 

 

Epilepsy Oral tablets vs. 

capsules vs. 

sublingual 

drop or spray vs. 

oral liquid vs. 

inhaler vs. 

enteral feeding 

liquid vs. 

suppository 

Preferred 

cannabinoid 

delivery methods 

Cannabis tablets or 

capsules were the 

most preferred 

method followed by 

sublingual drop or 

spray or oral liquid 

these were more 

popular among 

epilepsy, 

suppository was the 

least preferred 

dosage form. 

Kerai et al, 

2018 
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Table 3. 39 (cont.) Systematic Review about Preferences on Cannabinoid Dosage Forms (N=10) 

Country Number of 

participants  

Health conditions Dosage form(s) Scope of the 

study 

Main outcome Reference 

USA 

(43 states) 

234 

recreational 

and medicinal 

cannabis users 

Pain/inflammation, 

anxiety and 

insomnia 

Buds or flower 

vs. joints or 

blunts vs. edibles 

vs. other drugs 

and alcohol 

Dislikes about 

marijuana 

concentrates 

Dislikes about 

concentrates are: 

Expensive, potency, 

flavour, increasing 

tolerance, difficulty 

in accessing and 

side effects (cough, 

headache, nausea), 

not as natural 

compared to other 

forms, chemical, 

could create 

negative 

consequences or 

long-term effects on 

health, stronger 

high feeling, not 

much known, 

illegal. 

Cavazos-Rehg 

et al, 2018 
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Table 3. 39 (cont.) Systematic Review about Preferences on Cannabinoid Dosage Forms (N=10) 

Country Number of 

participants  

Health conditions Dosage form(s) Scope of the 

study 

Main outcome Reference 

USA 

 

33 medicinal 

cannabis users  

 

Rheumatoid 

arthritis, spinal 

cord injury, 

Crohn’s disease, 

hepatitis C, 

cancer, 

stress disorder, 

fibromyalgia, 

chronic regional 

pain syndrome, 

epilepsy, HIV, 

multiple sclerosis, 

Parkinson’s 

disease 

Smoking vs. 

vaporization vs. 

edibles vs. topical 

oil 

Preferred methods 

of cannabis 

ingestion 

Preferred medicinal 

cannabis ingestion 

method is smoking 

cannabis flower 

(60%) followed by 

vaporization (20%), 

edibles (16.7%) and 

topical oil (3%) 

Bruce et al, 

2018 

USA 3744 flower 

users, 869 dab 

users 

 

Sleeping 

problems, social 

anxiety 

Concentrates use 

as 

joint/blunt/spliff, 

bowl/pipe/one-

hitter, 

bong/water 

pipe/bubbler, 

dabbing, 

vaporizer/vape, 

edibles 

Preferences of dab 

users versus 

conventional 

flower users 

Dab users do not 

choose dabs over 

flower products 

regarding beneficial 

effects such as 

relief of symptoms, 

but choose dabs for 

experimentation 

and curiosity. 

Sagar et al, 

2018 
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Table 3. 39 (cont.) Systematic Review about Preferences on Cannabinoid Dosage Forms (N=10) 

Country Number of 

participants  

Health conditions Dosage form(s) Scope of the 

study 

Main outcome Reference 

Germany 32 medicinal 

cannabis users  

Amyotrophic 

lateral sclerosis or 

related spasticity 

THC:CBD oro-

mucosal spray 

Treatment 

satisfaction 

questionnaire for 

medication use 

The 38% of the 

participants were 

extremely satisfied 

with their oro-

mucosal spray, one 

third were very 

satisfied, 18% were 

satisfied, 6% were 

somewhat satisfied 

and the 9% were 

unsatisfied. 

Meyer et al, 

2019 

 


