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Executive summary

1 It is important to distinguish between the recreational use of cannabis and its potential as

a medicine. This report is concerned with the potential benefits and risks to health from the

use of cannabis and cannabis-based drugs as medicines, rather than with the moral or legal

status of cannabis.

2 The two recognised medical indications for ∆9-tetrahydrocannabinol (THC), the main

psychoactive ingredient of cannabis, are the treatment of sickness associated with cancer

chemotherapy and to counteract the loss of appetite and the wasting syndrome of AIDS.

There is scientific evidence to support further studies of the use of THC in multiple sclerosis

(for the treatment of pain and spasticity, and to explore its effect on the progression of the

disease) and in the management of other causes of treatment-resistant pain. Further carefully

controlled clinical studies are needed and should include quality-of-life based assessments

in addition to objective measures of effect.

3 The safety profile of THC as a compound is good insofar as high doses are rarely, if ever,

lethal. However, there is a narrow dosing window between the desired and undesired effects,

which varies between individuals, in part depending upon previous exposure to the drug.

Recognised undesired effects include unpleasant psychic reactions, intoxication and

temporary impairments of skilled motor and cognitive functions. The practice of allowing

patients to self-titrate their dose against symptoms can help to circumvent this problem and

does not result in escalating doses.

4 The possibility that cannabis may increase the risk and/or severity of psychosis remains a

significant concern. Epidemiological studies show that there is an association between

regular cannabis use in adolescence and psychosis or psychotic symptoms. On this basis,

adolescence and a history of psychosis should be relative contraindications to the use of

cannabis-based medicines; their use in these patient categories would require careful clinical

judgement and surveillance. Cannabis-based medicines should be avoided in pregnancy.

5 The safety of smoking cannabis is questionable, given that the smoke contains many of the

substances of concern found in tobacco smoke. So although the lungs are an excellent site

for absorbing THC, smoking cannabis to deliver THC is strongly discouraged. Clinical trials

to address the therapeutic value of THC should continue to be based on oral ingestion or

alternative drug delivery systems. 

6 The endocannabinoid system is currently the subject of considerable research interest. Novel

compounds that act on cannabinoid receptors are being investigated. In some cases, the

objective is to produce a particular desirable effect of THC with greater acceptability by

targeting a specific cannabinoid receptor subtype or enhancing the effect of endogenous

cannabinoids. In other cases, the aim is to block the effect of endogenous cannabinoids.
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This research has the potential to develop novel medicines for a variety of medical conditions

and should be welcomed. 

7 The possibility that additional cannabinoid receptors may exist and the possible clinical

utility of cannabidiol, another non-psychoactive naturally occurring cannabinoid, also merit

further exploration. 
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Glossary

Agonist: a substance that stimulates a receptor to produce an effect.

Antagonist: a substance that blocks the effect of an agonist.

Ashworth scale: a clinical measure of muscle spasticity based on the assessment of a patient’s

muscle tone in different muscle groups.

Bong: a type of pipe used to smoke cannabis resin.

Box Scale: a numerical rating scale where the numbers representing degrees of pain (eg 1 to 10)

are put into boxes, and patients are asked to mark the box containing the number that best

indicates their pain level. See also Numerical Rating Scale and Visual Analogue Scale.

Cannabis: the various preparations derived from the plant Cannabis sativa. Marijuana is the

term more commonly used in the USA; other names are dope, draw, ganja, grass, pot, puff,

smoke, toke, weed. Street names for varieties of cultivated cannabis are: Northern Lights, Haze,

Purple Haze, White Widow, Skunk#1, Sensie Star, Orange Bud, Bubblegum, Hindu Kush,

Chronic, Jack Herer.

Cannabinoid: generic term describing any chemical, natural or man-made, that activates

cannabinoid receptors.

Clinical endpoint or outcome: a measure used to judge the benefit or harm from a medicine or

intervention in a clinical trial.

Endocannabinoids (endogenous cannabinoids): a group of chemicals occurring naturally in the

body which mimic the actions of THC on cannabinoid receptors. All are derivatives of the

fatty acid, arachidonic acid; anandamide (N-arachidonyl-ethanolamine) is the most

extensively studied.

Exogenous cannabinoids: substances that when taken act as agonists on cannabinoid receptors. 

Herbal cannabis: leaves and compressed female flower heads of Cannabis sativa; also known as

weed, grass, ganja, herb, green, thai stick, bud or bush.

Metabolic syndrome: describes a physical state in which obesity, insulin resistance (tendency to

high blood sugars), hypertension and abnormal blood lipids co-exist and which predisposes

to cardiovascular disease. 

Multiple sclerosis (MS): a disease of the central nervous system (CNS), which includes the brain,

the spinal cord and the optic nerves. It is usually diagnosed between the ages of 20 and 40

and is twice as common in women as in men. MS interferes with the brain’s ability to control

such functions as seeing, walking and talking. Symptoms may be mild, for example numbness

in the limbs. They may also be more severe, for example paralysis, and may come and go (a

pattern of relapse and remittance) over time. The symptoms of MS occur as a result

of demyelination (loss or damage to the fatty sheaths that surround nerve fibre tracts) in

the CNS.

Neuropathic pain: chronic pain caused by compression or damage to sensory nerves. It may be

associated with diabetes, AIDS, herpes virus or cancer chemotherapy.
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Nociceptive pain: pain from diseased or injured non-neural tissue.

Numerical Rating Scale: a measure of the severity of a symptom such as pain that uses a scale

with descriptors of intensity at both ends; patients are asked to choose a number from 0 to10

or from 0 to 100 that best describes their pain. See Box Scale and Visual Analogue Scale.

Placebo controlled trials: these trials are considered to be the gold standard when assessing the

effectiveness of a drug in producing a desired effect. They involve the random allocation of

patients to receive either active drug or an inert placebo, ideally under conditions where

neither the patient nor the doctor knows which they are taking (drug or placebo).

Psychosis: a general term for a group of serious psychiatric illnesses characterised by delusions

and hallucinations.

Quality-of-life measures: measures of a patient’s well-being using their own assessment based

on questionnaires, activities of daily living and other rating scales. 

Receptor: a protein to which an agonist binds in order to produce an effect.

Resin: compressed THC-rich bracts from Cannabis plants; also known as hashish, hash, black,

blonde polm, rocky, dark rocky, slate, soapy or soap bar.

Schizophrenia: a type of psychosis characterised by specific disorders of thinking, delusions and

hallucinations.

Sinsemilla: sometimes used to describe herbal cannabis products derived from plants grown

indoors under optimal conditions; also, in the USA, the compressed seedless flower heads

from female plants.

Skunk: sometimes used to describe herbal cannabis products derived from plants grown indoors

under optimal conditions; also a variety of cultivated cannabis.

Spliff: cigarette containing herbal cannabis or cannabis resin. In the UK, resin is the commonest

form of cannabis used and is nearly always combined with tobacco to facilitate smoking.

Also known as joint. In the UK, the average spliff contains 150–200 mg cannabis resin.

THC: delta-9-tetrahydrocannabinol: the active compound in cannabis products. Also known

by the scientific name dronabinol and by the trade name Marinol® for the pharmaceutical

product approved in the USA. 

Visual Analogue Scale (VAS): a method for assessing the severity of a symptom, such as pain,

that uses a line with the two ends labelled with descriptors of the extremes of intensity, for

example, no pain and severe pain; patients are instructed to make a mark along the line that

best indicates the level of intensity of the symptom. See Box Scale and Numerical Rating

Scale.
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Introduction

Cannabis has been used as an intoxicant and a medicine in India and the Middle East for

thousands of years. A young Irish doctor, William O’Shaugnessy, who served in the East India

Company, first brought cannabis to Britain in 1842 and advocated its medicinal uses.1 Reports

appeared in British medical journals describing its application in a variety of conditions, including

menstrual cramps, asthma, childbirth, quinsy, cough, insomnia, migraine headaches and even

in the treatment of withdrawal from opium.2 Cannabis extract and tincture appeared in the

British Pharmacopoeia and were available for more than a hundred years. After an enthusiastic

welcome by physicians in the nineteenth century, medicinal cannabis fell out of favour in the

twentieth century. The imported herbal cannabis was of variable quality and potency, and new

and more reliable medicines began to replace it. Tincture of cannabis finally left the British

Pharmacopoeia in 1973. 

At present, concerns about the health risks of cannabis, particularly the risk of psychosis, of

dependence and the possibility that it might lead to the use of more potent drugs such as LSD

and cocaine, mean that its production, supply and possession are illegal in many countries.

Nonetheless, it is still the most commonly used recreational drug in the UK (used by 27% of the

adult population during their lifetime, by 9% in past year and 6% in past month) and thousands

of patients with AIDS, multiple sclerosis, chronic pain and a variety of other disabling diseases

have tried and continue to smoke cannabis in the firm belief that it makes their symptoms better.

Some countries (for example, Canada) permit the possession of cannabis by registered users for

specific medical conditions. These positions illustrate the extremes of public opinion, so that

while some emphasise the dangers of cannabis, others feel that patients are being deprived of a

useful medicine for conditions that are poorly served by currently available therapeutic agents. 

In the light of this debate, patients, doctors and regulators have advocated further research into

the medical use of cannabis. In response to this, the UK Medical Research Council sponsored a

large-scale controlled clinical trial of cannabis in patients with multiple sclerosis which was

completed in 2004 (see Chapter 2).3 The Home Office has given permission to a private

commercial company, GW Pharmaceuticals, to grow herbal cannabis and to conduct clinical

trials, with a view to applying for a product licence for its medicinal use. The Home Office has

recently said that a commercial preparation of cannabis extract (Sativex®) can be imported into

the UK on a named patient basis for the treatment of neural pain associated with multiple

sclerosis. Other pharmaceutical companies are developing drugs to elicit more specifically some

of the potential therapeutic actions of cannabis in an acceptable way or to block the effects of

cannabis-like substances produced naturally by the body.

The Royal College of Physicians considered it timely to carry out a review of the benefits and

risks associated with the use of cannabis and its derivatives for medical purposes, to inform both

doctor and patient. A Working Party was established and considered written and oral

presentations from experts in the field during the period October 2004 to June 2005 and here

present a report summarising its findings.



1 Chemistry and pharmacology of cannabinoids

Cannabis products
1.1 The leaves and flowers of the plant Cannabis sativa bear resin glands which contain the

active drug. These are most numerous on the female flower heads.

1.2 Preparations of cannabis include the ‘herbal’ leaf, compressed flowering heads (‘sinsemilla’),

and blocks of ‘resin’ consisting of compressed bracts. Imported resin accounts for the majority

of illicit cannabis in Britain – it contains approximately 5% ∆9-tetrahydrocannabinol (hereafter

referred to as THC) and this potency has remained constant for many years.4

1.3 The terms ‘sinsemilla’ or ‘skunk’ are also sometimes used to describe herbal cannabis

products derived from plants grown indoors under optimal conditions, which may contain

2–3 times more THC than imported resin.4

Exogenous cannabinoids and their receptors
1.4 Exogenous cannabinoids are herbal or synthetic substances that when taken act on the

cannabinoid receptors in the body. The principal psychoactive component in the complex

mixture of cannabinoids present in extracts of the plant Cannabis sativa is THC (Fig 1a). THC

is a sticky resin which is not soluble in water. Cannabidiol (Fig 1b) is also an abundant chemically

related naturally occurring cannabinoid; it is not psychoactive, but may have other effects on

the central nervous system (CNS).5,6

1.5 A series of man-made synthetic cannabinoids (for example, nabilone) – some of which are

more potent and more water-soluble than THC – are also available, and some have regulatory

approval for medical use (Table 1). All of these compounds act as agonists to activate the CB1

cannabinoid receptor, which is the only one known to be expressed in the brain.7

1.6 A second cannabinoid receptor, CB2, is found only in peripheral tissues, principally in the

immune system. THC and the synthetic cannabinoids also act to some extent as agonists at the

CB2 receptor.8

1.7 Some synthetic drugs are available which act as specific antagonists to block the function

of CB1 or CB2 receptors. One of these compounds, rimonabant, which acts selectively to block

CB1 receptors, has been widely used in studies of the actions of cannabinoids in experiments on

animals,9 and large-scale clinical trials have been completed with this compound as an aid to

(nicotine) smoking cessation or as an aid to weight loss and weight maintenance10 (see below).
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1 Chemistry and pharmacology of cannabis

Table 1 Cannabinoids and synthetic cannabinoids.

Generic name Trade name Manufacturer Approved medical 

use (place)

Agonists

Delta-9- Marinol® Solvay Pharmaceuticals Anti-emetic, AIDS 

tetrahydrocannabinol wasting syndrome (USA)

(THC) = Dronabinol

Cannabidiol none none None – pharmacologically 

active but non-psychoactive

component of herbal 

cannabis

Nabilone Cesamet® Eli Lilly Anti-emetic (USA, UK)

Herbal cannabis extract Sativex® GW Pharmaceuticals Chronic pain (Canada)

Antagonist

Rimonabant Acomplia® sanofi-aventis In registration for

management of obesity 

(Europe) 

Fig 1 Structures of the two most

abundant cannaboids found in

cannabis. In the space filling models,

hydrogen atoms are shaded light grey,

carbon atoms darker grey and oxygen

atoms are shaded red.

(a) 1-trans-delta-9-tetrahydrocannabinol (TCH)

(b) Cannabidiol



Routes of administration and bioavailability of exogenous cannabinoids
1.8 Smoking cannabis produces high plasma levels of THC within a few minutes of starting

smoking, but levels fall considerably within 2 hours. 

1.9 THC or cannabis extracts can also be taken orally in fat-containing foods or in capsules

(where the THC is dissolved in a pharmaceutical oil), although when taken by this route

absorption is delayed and there is considerable variation between individuals in the plasma levels

achieved.11 The percentage of THC bioavailable is only a fraction (typically, less than 10% and

less than 20% at best) of the administered dose. This is largely due to metabolic breakdown in

the liver, before entry into the general circulation. One of the products of this process is 

11-hydroxy-THC, which is also psychoactive, with a potency similar to that of THC. A patented

technology that uses powered vaporisers or a metered-dose spray to deliver cannabinoids to the

oromucosal surfaces achieves more effective and reproducible absorption and has been employed

in some clinical trials.

Endogenous cannabinoids
1.10 Endogenous cannabinoids are a series of small lipids that are made in the body and have

potent actions at cannabinoid receptors. These are anandamide (N-arachidonyl-ethanolamine);

2-arachidonylglycerol (2-AG); and 2-arachidonyl glyceryl ether.12

1.11 Of these, anandamide is the compound that has been most extensively studied so far. The

endogenous cannabinoids, also known as endocannabinoids, are present only in small amounts

in the brain or other tissues. Like other lipid mediators (eg prostaglandins), they appear to be

synthesised and released locally on demand (see below). 

1.12 Anandamide and the other endogenous cannabinoids are rapidly inactivated by a

combination of a transporter mechanism and by the enzyme fatty acid amide hydrolase (FAAH).13

Neuroanatomical distribution and synaptic function of CB1 receptors in the
brain

1.13 CB1 receptors are mainly localised to axons and nerve terminals and are largely absent

from the neuronal soma or dendrites. This is consistent with the hypothesis that the main role

of endocannabinoids is to modulate the release of various neurotransmitters.14

1.14 In both animals and humans the cerebral cortex, particularly the frontal regions, contains

high densities of CB1 receptors. There are also very high densities in the basal ganglia and in the

cerebellum. In the limbic forebrain, CB1 receptors are found particularly in the hypothalamus

and in the anterior cingulate cortex. The hippocampus also contains a high density of CB1

receptors mainly located on inhibitory neurones. There is a relative absence of cannabinoid

receptors from brainstem nuclei.15,16

1.15 It is suggested that endocannabinoids are involved in the rapid modulation of synaptic

transmission in the CNS. Their local release influences synapses in a local region of some 40 µm

diameter, inhibiting the release of both excitatory and inhibitory neurotransmitters, an effect

that persists for tens of seconds.17

4
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1.16 Exogenously (that is taken by the individual) administered THC or other cannabinoids

cannot mimic the physiological effects of internally released naturally occurring

endocannabinoids. Since exogenous cannabinoids cause activation of CB1 receptors in all brain

regions, their overall effect is to cause a persistent inhibition of neurotransmitter release from

those nerve terminals which express CB1 receptors, and as a consequence they temporarily

occlude and prevent the normal function of endocannabinoids.

Effects of cannabinoids on CNS function
1.17 CB1 receptors are expressed at particularly high densities in the basal ganglia and

cerebellum and cannabinoids have complex effects on psychomotor function. In human subjects,

cannabis can cause impaired performance in tests of balance and in tests that require fine

psychomotor control, for example tracking a moving point of light on a screen.18

1.18 One of the effects of acute intoxication with cannabis in humans is an impairment of

short-term memory.19 A likely site for this effect is the hippocampus.20

1.19 Like other intoxicant drugs, cannabis can cause profound changes in a variety of higher

brain functions. As in the hippocampus, the majority of cortical interneurones expressing high

levels of CB1 receptor are inhibitory neurons. Performance on a variety of tests of cognitive

function is impaired by cannabis; for example, decreased ability to inhibit responses, decreased

vigilance, especially for long and boring tasks, decreased ability to perform complex mental

arithmetic, and impairments in tests of complex reaction times.21

Effects on appetite
1.20 The appetite-stimulating properties of cannabis are well recognised by recreational users

(commonly referred to as ‘the munchies’). The effects have been confirmed in systematic placebo-

controlled studies in healthy volunteers in which calorie intake was carefully measured in

residential conditions.22 These studies suggest that cannabis also influences food choice, with a

preference for ‘snack’ or sweet foods. 

1.21 Conversely, daily treatment with rimonabant, a drug in development that blocks

cannabinoid (CB1) receptors with high selectivity, leads to a reduction in food intake and to

significant and sustained weight loss in overweight patients.10 Interestingly, data from studies in

animals suggest that rimonabant may reduce the intake of sweet foods. These observations

support a role for endogenous cannabinoids in regulating food intake and indicate that the

effects are mediated through the CB1 receptor subtype. 

Anti-emetic effects
1.22 Cannabinoids inhibit vomiting in animal models and in humans. The site of action is not

known but is most likely through a central effect on the chemoreceptor trigger zone. THC

(dronabinol) and nabilone (a synthetic cannabinoid) have been approved for medical use in the

USA for the treatment of chemotherapy-induced nausea and vomiting. Nabilone is also approved

for this indication in the UK, while dronabinol can be imported on a ‘named patient basis’ for

prescription by doctors. In practice, competition from other anti-emetic medications means

that neither drug has found much use in clinical practice.23

5
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Cannabinoids and pain
1.23 Endogenous cannabinoids and cannabinoid receptors exist at various levels in pain

pathways, from peripheral sensory nerve endings to spinal cord and supraspinal centres, in a

system that is parallel to but distinct from that involving endorphins and opiate receptors.24

1.24 Systemically administered THC and synthetic cannabinoids have anti-nociceptive and

anti-hyperalgesic (pain-relieving) effects in a variety of animal models of acute and inflammatory

pain.24

1.25 There is evidence for an interaction between cannabinoid and opioid mechanisms. In

tests of acute pain and chronic inflammatory pain, THC and morphine act synergistically – one

potentiates the pain-relieving actions of the other.25

New drugs affecting cannabinoid function
1.26 While the only medicinal products available today are based on herbal cannabis or

synthetic THC-like chemicals, new knowledge of the endogenous cannabinoid system in the

brain may lead to entirely new approaches to cannabinoid pharmacology.13

1.27 It may be possible to modulate the natural function of the cannabinoid systems in the

brain by developing drugs that inhibit the normal inactivation of anandamide and other

endogenous cannabinoids by enzymes and transport mechanisms. Conversely, the system might

be down-regulated by inhibitors of anandamide biosynthesis.13

6
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2 Cannabinoids and the treatment of multiple 
sclerosis

Multiple sclerosis and its treatment 
2.1 Multiple sclerosis is the most common cause of neurological disability in young adults,

with a reported prevalence of between 85 and 118 patients per 100,000 of the population in the

UK.26 Typically, the illness begins with repeated, self-limiting, clinical episodes (relapsing-

remitting multiple sclerosis). The majority of patients (about 80% after 20 years) ultimately

develop chronic progressive clinical decline (secondary progressive multiple sclerosis). About

15% of patients may follow a progressive course from onset (primary progressive multiple

sclerosis). The development of new treatments is hampered by our poor understanding of the

cause of the condition. The current view is that it is an autoimmune disease in which the body’s

own defence system becomes sensitised to a component of the fatty nerve lining (myelin sheath)

resulting in damage to the central and peripheral nervous system. 

2.2 The symptoms and course of the disease vary between patients. In a survey of 35,000

members of the British Multiple Sclerosis Society, the most commonly reported symptom was

fatigue (95% of patients), followed by problems with balance (84%), muscle weakness (81%),

incontinence (76%), muscle spasms (66%), pain (61%) and tremor (35%).27

Cannabinoid receptors and multiple sclerosis
2.3 There is a sound scientific basis for examining the role of cannabinoids in the treatment

of symptoms of multiple sclerosis based on the distribution of cannabinoid receptors within the

nervous system. CB1 receptors are found in particularly high density in regions of the brain

(basal ganglia and cerebellum) that are responsible for regulating muscle function, such as

balance and muscle tone.28 Drugs that stimulate these receptors (CB1 agonists) have been shown

to influence the activity of the same part of the brain (substantia nigra pars reticulata)29 considered

to be the site of action of two clinically used anti-spasm drugs, baclofen and tizanidine. There

is convincing evidence that CB1 agonists can ameliorate the signs of spasticity and tremor in a

mouse model of multiple sclerosis (experimental autoimmune encephalomyelitis).30

2.4 The presence of cannabinoid receptors, particularly CB2 receptors, in immune tissues has

raised the possibility of an effect of cannabinoids on immune function and the possibility that

cannabinoids may alter the course of the disease. Studies using an animal model in which

progressive damage to nerves occurs after immunisation with myelin components provide some

support for this view in that treatment with THC inhibits the progression of the disease in this

animal model.30–32
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Experience of cannabis among patients with multiple sclerosis
2.5 Cannabis is currently an illegal drug, yet self-medication with cannabis is common. Data

from British Multiple Sclerosis Society questionnaires suggest that 30% of sufferers have tried

cannabis and 10% report regular use. People with multiple sclerosis have claimed that it has

helped to relieve a number of symptoms of the disease including pain, spasticity, sleep disturbance

and bladder problems.

Clinical trials of cannabinoids as medicines for multiple sclerosis
2.6 Most reports of the effect of cannabinoids in the treatment of multiple sclerosis are based

on very small numbers of patients. There have been few randomised controlled studies. The

largest randomised, controlled trial with cannabinoids and multiple sclerosis published to date

is the Cannabis in Multiple Sclerosis (CAMS) study which recruited over 650 patients (funded

by the Medical Research Council, MRC).3 The commercial company GW Pharmaceuticals have

also conducted placebo-controlled randomised studies in patients with multiple sclerosis as part

of the clinical evaluation of their cannabinoid agent, Sativex®.33

2.7 An important issue in these studies has been the choice of outcome measures to assess the

response to treatment. One approach has been to use an objective measure of patient disability,

such as the Ashworth scale for assessing spasticity. However, there are concerns about the sensitivity

(that is the ability to test what it sets out to test) and value of this type of methodology. A study

that is dependent upon a measurement with low sensitivity has to be large and/or conducted for

a long period to detect an effect; consequently, a study of inadequate size or duration may miss

an important effect. Spasticity is a complex symptom, with contributions from patient symptoms,

physical functioning and psychological impact. The way in which patients’ symptoms impact on

physical disability is not well understood. In response to this, there is now increasing interest in

patient-orientated outcome measures, using visual analogue scales of symptoms and disability.

A visual analogue scale allows the patient to make a subjective judgement of the severity of

individual symptoms on an arbitrary scale of 0–10, where 0 represents no symptom and 10 rates

the symptom at its most severe. Well-validated, carefully designed patient-orientated measures

may be more sensitive and relevant than physician-based measures and may be more informative

in decisions affecting treatment policy and the expenditure of public funds.

The CAMS study 

2.8 In the CAMS study, patients were randomised to take capsules containing one of the

following: oral cannabis oil extract (Cannador), oral THC (Marinol®) or respective placebo

(Fig 2). Of the patients who received treatment, 90% had progressive disease. The primary

outcome measure was change in muscle spasticity as assessed using the Ashworth scale. The

study also evaluated other multiple sclerosis-related symptoms, disability, and adverse reactions

to the treatment. The main study covered 15 weeks, with all patients discontinuing treatment

during week 14. 

2.9 There was no evidence that cannabinoid treatment improved patients’ scores on the Ashworth

scale or other measures of disability from baseline to week 13. However, there was evidence of

statistically significant improvement in walking time for ambulatory patients and in the patients’

own assessments of spasticity, muscle spasms, pain and sleep. Eighty per cent of patients restarted

8
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treatment after week 15 and continued (in a double-blind design) to 52 weeks. Analysis of the

change in total Ashworth score at 52 weeks did show evidence of a small but statistically significant

difference compatible with slowing of the progression of the disease in patients receiving THC,

but not in those receiving THC-containing herbal cannabis extract (Fig 3). 

GW Pharmaceuticals study

2.10 In a study conducted by GW Pharmaceuticals involving 160 patients with multiple

sclerosis, herbal cannabis extract or placebo was delivered under the tongue by metered-dose

spray.33 The primary outcome measure was a Visual Analogue Scale (VAS) score for each patient’s

9

2 Cannabinoids and the treatment of multiple sclerosis

Fig 2 CAMS study protocol (Professor Zacijek, personal communication).

219 allocated extract

211 treated

8 not treated

207 analysed

4 lost to follow-up

216 allocated THC

206 treated

10 not treated

667 patients
consented

657 patients
randomised

10 patients not eligible
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Fig 3 Change in Ashworth score during extended treatment (Phase 2) to 52 weeks (CAMS 

study) (Professor Zacijek, personal communication).
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most troublesome symptom. Additional measures included VAS scores of other symptoms, and

measures of disability, cognition, mood, sleep and fatigue. At the end of the study the primary

symptom score was reduced in both the cannabinoid (Sativex®) and placebo groups, with no

significant difference in response between the two treatments. There was, however, a significant

reduction in spasticity VAS in the Sativex® group, compared with placebo treatment (Fig 4).

Discussion 

2.11 An appreciable number of patients on placebo showed a positive response in both of these

studies. About 35% of patients on placebo in the CAMS study felt their pain had improved. A

concern and potential confounding factor in these studies is the extent to which patients guess

accurately which treatment (cannabinoid or placebo) they are taking. In the CAMS study, 50%

of patients on placebo thought they were taking active treatment, compared to 77% of those

actually on active treatment. 

2.12 The cannabis-based preparations used in multiple sclerosis studies were well-tolerated.

The drugs were started at a low dose and the dose gradually adjusted by the patient according

to symptom relief or unwanted effects. There were no major safety concerns. The most common

reported side effects were dizziness, disturbance in attention, dry mouth and gastrointestinal

symptoms. Some patients taking active medication stopped their cannabinoid preparation

abruptly without apparent withdrawal effects, suggesting no significant dependence. 

2.13 These results, together with increasing experimental data suggesting that cannabinoids

may have a protective effect on the nervous system, have led to plans for a further multicentre

randomised placebo-controlled study (Cannabinoid Use in Progressive Inflammatory Disease

or CUPID). This study will compare treatment for 3 years with THC or placebo on the course

of disease in people with progressive multiple sclerosis who are still able to walk. Funding for

the study has been approved by the MRC.
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Fig 4 Mean spasticity scores from diary card data, with spasticity as the primary endpoint.

Sativex® (THC plus cannabidiol in a proportion of 1:1) improved patients’ perception of spasticity over

6 weeks of treatment compared to placebo. Patients on placebo at week 6 changed to Sativex®. 

VAS = Visual Analogue Scale; * = comparison to placebo (from Wade et al 2004).33
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Conclusions
2.14 Many patients with multiple sclerosis have tried cannabis and reported benefit but it is

not clear from these reports how much of the benefit is related to a direct effect of the drug on

the pathophysiology of the disease.

2.15 Two randomised, placebo-controlled clinical trials seeking clear evidence of an effect of

THC on the disease used different cannabis-extract preparations and delivery systems and

focused on different clinical outcomes. In both studies there was a large placebo effect. Both

studies provide some support for a therapeutic effect of THC in multiple sclerosis patients and

one study (CAMS) suggests that chronic treatment may influence the course of the disease, but

the data are not conclusive and a further study to examine the long-term effects of THC treatment

funded by the MRC is under way.

2.16 Allowing the patient with multiple sclerosis to increase gradually the dose of THC

medication to one the patient finds most useful and is best able to tolerate has proven safe and

has not led to tolerance or dependency.
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3 Cannabinoids as a treatment for chronic pain

Chronic pain and its treatment
3.1 Chronic non-malignant pain is very common, and it has been estimated that approximately

19% of the population is afflicted by chronic pain not caused by malignant disease.34 The

prevalence of chronic pain that interferes with daily activities is estimated at around 12%.

3.2 Pain can be subdivided into two major categories:

i pain from diseased or injured non-neural tissue (nociceptive pain) 

i pain due to damage to neural tissue (neuropathic pain). 

The two can coexist and contribute to a patient’s experience of pain. For example, a patient with

a prolapsed intervertebral disc may have mechanical back pain as a result of the degenerative

disc lesion, and neuropathic pain as a result of nerve root compression. In addition, psychological

factors play a variable and at times dominant role in the perception of pain.

3.3 Neuropathic pain is a common complication of a number of diseases including cancer,

diabetes mellitus, degenerative spine disease, certain viral infections and stroke. The aging of

the population and the rising prevalence of many conditions that cause neuropathic pain forecast

a probable increase in the size of the problem. Chronic pain usually alters a patient’s quality of

life by interfering with sleep, work, recreation and emotional well-being.

3.4 The currently available treatments for pain are not wholly adequate. The most commonly

prescribed analgesics are paracetamol and non-steroidal inflammatory drugs (such as aspirin)

for mild to moderate pain, and opiate-based drugs for more severe pain. Non-steroidal drugs

work on peripheral inflamed tissues while opiate based-drugs act directly on the central nervous

system. Neuropathic pain is particularly difficult to treat and, despite their reputation as potent

drugs, opiates are generally ineffective. Only two drugs, gabapentin and pregabalin, are licensed

for use in chronic neuropathic pain. Antidepressants and anticonvulsive medicines are also

frequently used in this situation but are effective in only a small proportion of patients and have

significant side effects.

3.5 All analgesic drugs have significant and well-recognised side-effect profiles. For example, it

has been estimated that 1 in 1,200 patients on long-term non-steroidal anti-inflammatory drugs

dies from gastrointestinal haemorrhage.35 There have recently been a number of well-publicised

withdrawals of analgesic drugs from the market (for example, rofecoxib and co-proximal) because

of adverse effects. 

3.6 Recent developments in pain management have centred on drug delivery (patient-

controlled analgesia, slow-release formulations, transdermal patches) and new variations in old

drugs. There is an unmet clinical need for new analgesic drugs.
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Usefulness of cannabinoids in the treatment of pain: evidence from laboratory
studies 

3.7 Cannabinoids can have effects at different sites along the pain perception pathway (see

Cannabinoids and pain, Chapter 1, paras 1.23–1.25). Cannabinoids are effective in many animal

models of acute pain (mechanical pressure, heat, chemical stimulus) and chronic pain (partial

nerve damage, inflamed joint). In terms of potency, cannabinoids behave much like morphine

but the effects are not mediated by opioid receptors. In all models, the pain-relieving effects can

be prevented by a CB1 receptor antagonist. There are reports which suggest that in some cases

combining a cannabinoid with an opiate can have a greater effect than might be expected from

adding their individual effects together.

3.8 There is some evidence that endogenous cannabinoids may have a role in modulating pain

perception by setting pain thresholds. This view is based on studies in animals in which the

administration of a CB1 receptor antagonist increased sensitivity to painful stimuli.

The experience of patients who have tried cannabis for chronic pain
3.9 Cannabis has been used to relieve pain from a variety of causes for centuries. There are

many individual anecdotes reporting benefit in bone and joint pain, migraine, cancer and

gynaecological pain. The absence of standardised pharmaceutical preparations and legal

restrictions have limited the availability of useful data that might otherwise be gained from these

experiences. Doctors who specialise in pain management not infrequently encounter patients

who have tried cannabis when other medicines have failed to provide relief. In one survey of 209

patients with non-malignant chronic pain, 35% had tried cannabis.36 Some specialists in pain

control have obtained beneficial results with the cannabis-like drug, nabilone, and some doctors

regularly face questions on the use of cannabis as part of the pharmacological management

of pain.37

Clinical trials of cannabinoids in chronic pain
3.10 There is no test that provides a direct objective measure of pain. Commonly used subjective

measures include Visual Analogue Scales and Numerical Rating Scales (Fig 5). A recent

authoritative statement on outcome measures in chronic pain clinical trials recommended the

11-point (ie 0–10) Numerical Rating Scale, where 0 indicates ‘No pain’ and 10 ‘Pain as bad as

you can imagine’.38 A well-designed study would couple this with a measure of the impact of a

treatment on quality of life, taking into account improvements in physical activity and sleep

patterns.
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Fig 5 Example of a Numerical Rating Scale.

Select the number that best describes your neuropathic pain during

the past 24 hours. Circle one number only
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3.11 Studies of new analgesic agents are typically conducted on patients already on maximal

conventional therapy; patients who may be regarded, therefore, as ‘resistant to treatment’. An

improvement of 2 points over placebo in pain perception on a Numerical Rating Scale, or a

reduction in pain intensity from baseline of 30%, is accepted as evidence of therapeutic benefit.39

3.12 There is a dearth of controlled trials on the effect of cannabinoids on pain. A review of

published studies in 2001 identified nine studies that examined the effect of an oral or intramuscular

cannabinoid, in patients (total 222) suffering from chronic pain from a variety of conditions.40

The authors concluded that the potency of cannabinoids was equivalent to codeine but they had

significant central nervous system side effects which limited their therapeutic potential. 

3.13 The opportunity for patients to adjust their own dose according to symptoms and side

effects using a route of delivery that allows better and more reliable absorption appears to offer

promise. A series of studies in which 34 individual patients with mainly neuropathic pain acted

as their own controls has provided data on efficacy, tolerability, safety and dosages.37 Each patient

received three preparations (THC, cannabidiol, and a 1:1 mixture of them both) over a 12-week

period in a randomised, double-blind, placebo-controlled, cross-over design. Preparations

administered by metered-dose spray which contained THC proved most effective in symptom

control but a wide range of dosing requirements was observed.

3.14 Due to the unmet clinical need, there is particular interest in the potential of cannabis to

treat neuropathic pain. A recent study has examined two cannabinoid preparations (THC

together with cannabidiol, 1:1, or primarily THC) given by oromucosal spray in 48 patients with

brachial plexus root avulsion, a relatively homogeneous model of neuropathic pain.41 The

cannabinoids or placebo were given in addition to the patients’ normal therapy, and pain severity

was recorded using the Box Scale (a type of Numerical Rating Scale). Neither active treatment

achieved the a priori goal of an improvement in two boxes over placebo. More modest but

significant improvements in pain score (a reduction of about 0.6 boxes) and in sleep were seen

with both cannabinoid preparations compared to placebo (Fig 6).41

3.15 GW Pharmaceuticals are actively investigating the efficacy of THC together with

cannabidiol, 1:1, given by oromucosal spray in the treatment of pain from a variety of causes
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Fig 6 Cannabis and neuropathic pain. Patients’ own assessment of pain after treatment with: Sativex®

(THC and cannabidiol, 1:1), THC, or placebo, each given by oromucosal spray for 2 weeks in a placebo-

controlled, cross-over study. * = comparison to placebo; BS11 = eleven-point Box Scale (adapted from

Berman et al ).41
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(rheumatoid arthritis, cancer, peripheral neuropathic pain) in patients in which other treatments

have failed to provide satisfactory pain relief. Early unpublished data suggest reductions in pain

of the order of 0.6 to 1 point on the Box Scale. Improvements in pain relief were accompanied

by an improvement in the quality of sleep (Fig 7). Similar data were used by GW Pharmaceuticals

to obtain provisional registration for Sativex® in Canada in 2005 for the treatment of chronic

pain in adults with multiple sclerosis. This marketing authorisation is conditional on the

understanding that the company will conduct further clinical trials to define the clinical benefit

from the drug. 

Conclusions
3.16 Cannabis is used by patients suffering chronic pain and THC preparations form part of

the treatment strategy used by some pain clinics to help manage intractable pain. 

3.17 Data from well-controlled trials of limited duration suggest that THC may have a potency

similar to that of codeine in neuropathic pain.

3.18 Allowing patients with chronic pain to self-titrate the dose to their clinical need has been

safe and has not been associated with tolerance or dependency. 

3.19 Chronic pain is a common distressing symptom. There is sufficient clinical need for

effective analgesics and concern about the safety of existing medicines used for this purpose to

merit further clinical studies of the value of THC and other cannabinoids as analgesics. 
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Fig 7. Effect of Sativex® (THC and cannabidiol, 1:1) on sleep quality in a series of studies

investigating the effects of this treatment in patients with chronic pain and in patients with

multiple sclerosis. * = comparison to placebo.
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4 Cannabinoids, appetite regulation and body 
weight

Cannabinoids as appetite stimulants
4.1 Lack of appetite (anorexia) and weight loss can accompany many chronic diseases but are

particularly refractory and distressing symptoms of cancer and HIV infection. Unexplained

weight loss can be a presenting feature of some types of cancers and occurs late in the course of

others. Weight loss in HIV infection is referred to as wasting syndrome and recognised as AIDS

defining, although it may be less common with the advent of highly active retroviral therapies.

The mechanisms underlying anorexia and weight loss in these illnesses include nausea and

vomiting, perturbation of taste sensation, early satiety, depression, malabsorption, increased

metabolic rate and altered cytokine and hormone levels. A variety of measures are used to

improve appetite and maintain weight but the treatments are inadequate.

4.2 Cannabis stimulates appetite. Data from animal studies suggest that it stimulates eating

even when the animal is well satiated, and that cannabis has a potency equal to or greater than

neuropeptide Y, widely regarded as a key stimulant of eating behaviour.22

4.3 A pharmaceutical preparation of THC (Marinol®) is approved in the USA as a treatment

for AIDS wasting syndrome. A placebo-controlled study in 139 patients reported an improvement

in appetite after 4 to 6 weeks.42 Beneficial effects on appetite have also been recorded in patients

with cancer. A small study found no benefit in anorexia nervosa. Dose-limiting central nervous

system side effects, such as dizziness, restrict the usefulness of Marinol®.

4.4 The mechanism(s) underlying the beneficial effects of cannabinoids on appetite in cancer

and AIDS wasting are unclear. There is a need for a better understanding of the actions of

cannabinoids on the psychological and behavioural components of appetite. Especially important

is the need for data on the extent to which the different actions of cannabinoids (anti-emesis,

appetite stimulation and mood enhancement) account for the beneficial effects; or indeed

whether those effects are separable.

Inhibiting endogenous cannabinoids to treat obesity 
4.5 The prevalence of obesity in Western societies is increasing and has been described as

reaching epidemic proportions. Obesity, particularly abdominal obesity, is associated with

diabetes and metabolic syndrome and their attendant complications. Calorie restriction coupled

with exercise is a standard approach to treatment but is not very effective. Early appetite

suppressants based on altering brain levels of serotonin, a neurotransmitter, have been withdrawn

because of their association with pulmonary hypertension and fibrosis of heart valves.

Sibutramine, which reduces appetite by inhibiting the uptake of serotonin and noradrenaline

by cells, and orlistat, which inhibits fat absorption in the gut, enable weight reduction in patients

who are able to tolerate them, but there remains a need for new medications.
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4.6 Studies in animals have provided evidence of overactivity of the endocannabinoid system

in obesity and in response to excessive food intake.43 Conversely, mice lacking the CB1 receptor

show resistance to obesity.44 Pharmacological blockade of the CB1 receptor in obese mice is

associated with weight reduction and a significant reduction in body fat.

4.7 Rimonabant is a selective CB1 receptor blocker that has undergone clinical trials for the

treatment of obesity. In a recent study, 1,507 patients with body mass index 30 kg/m2 or greater,

or body mass index greater than 27 kg/m2 with other cardiovascular risk factors (such as

hypertension or raised cholesterol levels), were randomised to receive double-blind treatment

with placebo or rimonabant once daily in addition to a mild hypocaloric diet (600 kcal/day

deficit).10 Those patients on the higher dose of rimonabant (20 mg daily) lost on average 6.6 kg

in weight at 1 year compared with 1.8 kg on placebo. This reduction in weight is comparable

with other successful anti-obesity drugs (eg sibutramine). Of interest, however, is the observation

that the weight reduction was accompanied by a greater improvement in waist circumference

and favourable effects on cardiovascular risk factors, such as high-density lipid (HDL)-

cholesterol, triglycerides, and insulin resistance. A 2-year continuation study showed that

beneficial effects were maintained over this period (communication from sanofi-aventis).

4.8 The effects of rimonabant are thought to be through blocking the actions of endogenous

cannabinoids both centrally, on the brain, and peripherally, on the gut and adipose tissue (Fig 8,

overleaf). The central effects not only reduce food intake but may also alter food preference,

leading to a reduction in intake of palatable, sweet foods. This has raised interesting questions

about the behavioural modifying effects of cannabinoids and the extent to which CB1 receptor

blockade may be used to modify the behavioural response to cravings such as for smoking and

alcohol. Early data suggest that rimonabant 20 mg daily helps people to give up smoking

cigarettes (STRATUS US study45). Blockade of CB1 receptors on fat cells may account for the

favourable effects of rimonabant on metabolic parameters, such as HDL cholesterol and

triglycerides. It would be interesting to quantify the effects of chronic CB1 receptor blockade on

body fat deposition, particularly intra-abdominal adiposity. 

4.9 Chronic CB1 receptor blockade (up to 2 years) with rimonabant has been well-tolerated.

The most common adverse events were gastrointestinal side effects, such as nausea and diarrhoea,

which are understandable in terms of the anti-emetic effects of cannabinoids. Mood changes

were also more common during chronic CB1 receptor blockade in the RIO-Europe study,10 but

did not lead to an increased rate of discontinuation of the medicine.

Conclusions
4.10 Studies in animals and humans support a biologically significant role for cannabinoids

in appetite regulation which can be exploited therapeutically. Cannabinoids can be used to

stimulate appetite in patients suffering from weight loss as a result of AIDS or cancer. Inhibiting

the effect of endogenous cannabinoids on the CB1 receptor helps obese patients lose weight and

improve their cardiovascular risk profile, at least during 12 months of treatment.

4.11 Cannabinoids may influence craving for cigarette smoking, such that blockade of CB1

receptors may help patients to give up smoking. While existing data appear promising, further

studies are necessary to investigate this.
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Fig 8. Rimonabant has a dual action, acting both centrally (central nervous system) and

peripherally (adipocytes and gastrointestinal tract) to reduce appetite and improve

cardiovascular risk factors, such as insulin resistance. HDL = high-density lipid (adapted from Van

Gaal et al, 2005; reprinted with permission from Elsevier).10
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5 Other potential medicinal uses of 
cannabinoids and cannabis-based medicines

Anti-emesis
5.1 Nausea and vomiting are common and distressing side effects of many chemotherapeutic

agents for cancer. Nausea can become so familiar that patients may develop the symptom in

anticipation of the next course of treatment and subsequently decline therapy.

5.2 Both THC (dronabinol) and nabilone have been used as anti-emetic medicines for the

management of nausea and vomiting associated with chemotherapy. Randomised studies with

prochlorperazine and metoclopramide as comparators demonstrated efficacy in up to two-thirds

of patients and both drugs have been approved for medical use in the USA.23 In the UK, nabilone

has a product licence for the treatment of nausea and vomiting caused by chemotherapy and

unresponsive to conventional anti-emetics, and dronabinol can be imported on a ‘named patient

basis’ and prescribed by doctors for the same indication. Unfortunately, the effective dose of

both drugs is too close to that which causes sedation or intoxication. Since these early studies,

newer and more potent anti-emetics (eg serotonin 5-HT3 receptor antagonists) have been

developed which can also be given intravenously, an advantage in patients who are vomiting. 

5.3 There is no anti-emetic that suits and is effective in every patient. There have been no

studies comparing cannabinoids with the newer anti-emetics. One view is that since cannabinoids

act by a mechanism different from other anti-emetics in current use, there may be a role for

these drugs in combination with or as an alternative to other drugs.

Glaucoma
5.4 Glaucoma is the leading cause of blindness in the developed world. It is associated with

increased fluid pressure within the eye (intraocular pressure) and reducing this pressure below

15 mmHg is effective at reducing the progress of the disease.

5.5 Cannabinoids reduce intraocular pressure by about 25% but the effects are short-lived.

CB1 receptors exist in the eye, suggesting a direct effect of the active agent but the biochemical

and physiological mechanism by which intraocular pressure is reduced is not yet known. The

poor solubility of THC makes topical administration difficult and the side effects of systemic

dosing limit regular oral administration. A range of other medicines are approved for the

treatment of glaucoma which are better tolerated and easier to use. 

Migraine
5.6 Migraine is a syndrome comprising recurrent headache, usually affecting one side of the

head (hemicranial), associated with nausea and vomiting, visual disturbances, and occasionally

focal neurological symptoms and signs, such as numbness and weakness. It is common (estimated

to affect 14% of adult women and 8% of men in the Western world) and can be disabling, leading

to social withdrawal and time off work. 
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5.7 The cause of migraine is poorly understood, but the neurohormone serotonin is thought

to play a key role. Currently available treatments can be described as prophylactic (such as beta-

blockers, verapamil), aimed at preventing an attack, and symptomatic (such as serotonin receptor

agonists, analgesics), aimed at reducing the severity of an attack. Patients are helped by these

interventions but many patients continue to experience attacks too frequently and find that relief

is inadequate. 

5.8 There are accounts of the use of cannabis for the treatment of headache dating back many

hundreds of years and anecdotes continue to appear reporting benefit both from regular use to

prevent attacks and as a treatment to reduce severity once an attack has started. Despite the

longstanding popularity of cannabis for migraine, there have been no controlled clinical trials

and so its therapeutic value is difficult to assess. 

Epilepsy
5.9 Epilepsy affects about 1% of the population and symptoms range from temporary lapses

in consciousness to frequent fits involving more prolonged periods of unconsciousness and

muscular contractions.

5.10 The most apparent underlying physiological disturbance is uncontrolled electrical activity

of the brain but the causes are not understood. Several effective medications are available for

treating epilepsy but all are associated with significant adverse effects, and a significant number

of patients are disabled by recurrent seizures despite taking several anti-epileptic drugs.

5.11 A report from a tertiary epilepsy centre indicated that cannabis use among patients with

resistant seizures is common: 46% of 136 respondents had tried cannabis, 21% had used it

within the past 12 months and 3% met dependence criteria.46 While some patients report

benefit, there are reports that cannabis might precipitate seizures or reduce the effectiveness of

approved anti-epileptic medication. As several new anti-epileptic medications have been

introduced in the past few years, it is difficult to see epilepsy as a priority area for research into

the therapeutic value of cannabis or cannabinoid use.

Asthma
5.12 Asthma is an inflammatory condition in which the symptoms – difficulty breathing and

wheezing – result from obstruction of the airways. It is common and on the increase.

5.13 Studies in the 1970s demonstrated that cannabis reduced airway resistance but smoking

is not a suitable route of administration; attempts to develop an aerosol formulation have so far

proved unsuccessful and oral dosing has a slower onset of action. In addition, the doses required

when administered orally are associated with psychoactive side effects. Since these early studies,

other effective treatments have emerged that can be given by inhalation, have a quick onset of

action and are well tolerated.

Osteoporosis
5.14 Osteoporosis is a disease characterised by low bone mass and structural deterioration of

bone tissue, leading to bone fragility and an increased susceptibility to fractures of the hip, spine

and wrist. It is common, particularly in women after menopause. Treatments include dietary
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supplementation with calcium and vitamin D, hormone replacement therapy, selective oestrogen

receptor modulators and bisphosphonates, but despite these options, there remains a need for

new and better tolerated medicines.

5.15 Recent experiments have provided compelling evidence that cannabinoids regulate bone

mass.47 Cannabinoids stimulate osteoclast formation (specialised cells involved in bone

resorption) in culture. Conversely, both CB1 and CB2 receptor blockers inhibit osteoclast

formation and protect against bone loss in an animal model of osteoporosis. These data indicate

that pharmacological antagonists of cannabinoid receptors may have a useful role in the treatment

of osteoporosis and other bone diseases. However, cannabis and its derivatives may enhance bone

loss and predispose to osteoporosis, and this needs to be considered in future human studies.

Atherosclerosis
5.16 Atherosclerosis is now regarded as a chronic inflammatory disease and is the primary

cause of heart disease and stroke in Western countries. A multifactorial approach is taken to

prevent atheroma deposition and disease progression, including lowering blood pressure and

reducing cholesterol and blood glucose levels.

5.17 CB2 receptors have been demonstrated in human atherosclerotic plaques.48 Treatment of

an animal model susceptible to atherosclerosis with low-dose THC slowed the progression of

the disease. The action of THC might be to block immune cell infiltration into the blood vessel

wall, an effect mediated by the CB2 receptor on immune cells. Directly addressing the

inflammatory basis of atherosclerosis is an attractive approach but the effects of THC were seen

over a very narrow concentration range. It remains to be seen whether CB2 receptor agonists

will be an effective and competitive strategy for treatment of atherosclerosis in humans.

Conclusions
5.18 Cannabis has been used for a variety of medical conditions. There is clinical evidence that

THC may be helpful in relieving nausea and glaucoma but it has been superseded by other more

effective and better tolerated drugs. 

5.19 Recent experiments in animal models and cells in culture support clinical investigation

of the therapeutic potential of cannabinoid antagonists in the treatment of osteoporosis. 

5.20 It is too early to assess whether cannabinoids will have a role in the treatment of

atherosclerosis. 

5.21 It is difficult to see migraine, epilepsy or asthma as competitive areas for future cannabinoid

research. 
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6 Safety of cannabis and cannabinoids

Toxicity
6.1 The toxicity of cannabis varies with the preparation and the method of administration.

6.2 In conventional toxicity tests, THC has very low acute toxicity. Animals tolerate very high

oral doses, particularly dogs and rhesus monkeys, in which there were no deaths even at the

highest doses used.49

6.3 Sub-chronic (90-day) treatment of rats orally with up to 50 mg/kg per day THC led to

reduced body weight and body weight gain. At higher doses there were effects on male and female

reproductive organs. These effects were largely reversible; some persistence at the highest dose

was most likely due to the prolonged residence of THC in the body.50 Oral administration of

THC for 13 weeks to mice had no effect other than to reduce body weight at the highest dose

of 500 mg/kg per day. At all doses (≥5 mg/kg per day), THC caused reversible neurobehavioural

changes in both rats and mice.

6.4 Chronic treatment of rats with oral doses of THC of up to 50 mg/kg per day and of mice

with doses of up to 500 mg/kg per day for 2 years resulted in a reduced incidence of various

cancers and of mortality, probably a consequence of reduced body weight gain.50

6.5 THC is not genotoxic (DNA damaging) in vitro or in vivo.50

6.6 Cannabis is well tolerated in humans, with few if any deaths attributable directly to cannabis

overdose.27,51 Indeed, it has been argued that its safety profile is better than that of many currently

available prescription drugs.11

6.7 Combustion of cannabis during smoking produces a complex mixture of chemicals, many

of which are common to those produced by the combustion of tobacco. Like the tar from tobacco

smoke, that from cannabis smoke is mutagenic. There is evidence that smoking cannabis can

cause pre-cancerous lesions in the lungs.52 Whilst there are no unequivocal epidemiological data

demonstrating that smoking cannabis is associated with lung cancer,53 the available information

gives cause for concern that there is a risk of lung cancer in those who smoke cannabis regularly

over many years.

6.8 THC can affect levels of some of the hormones involved in reproduction. It can also cause

reversible changes in sperm cell number but not morphology. In experimental animals this may

result in some impairment of fertility at high doses of THC.50 Whether this is a direct effect or

secondary to THC-induced weight loss is not clear.54 Whilst there is some evidence that high

doses of THC can cause developmental abnormalities in some species, such as the mouse, no

such effects were observed at doses of ≤200 mg/kg per day.55 Nor were any effects seen in the

chimpanzee.56 There is no evidence that cannabis use in humans is teratogenic (damaging to

the fetus).57
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6.9 Whilst there is some evidence that cannabis use in humans may cause modest changes in

reproductive hormones and in the menstrual cycle, these effects do not persist on regular use.56

There is no good evidence that cannabis use is associated with any effect on human fertility in

either males or females.59

6.10 There is little evidence, other than at very high doses, that THC has any detrimental effects

on the immune system in experimental animals. Similarly, in humans neither THC nor smoking

cannabis appear to have any deleterious effect on the immune system.59,60 The presence of

cannabinoid receptors on cells of the immune system suggests that they may be exploitable for

therapeutic purposes (see above).

6.11 The most obvious effects of THC and of cannabis, in both experimental animals and

humans, are on behaviour. The intensity of the effects varies with method of administration,

due to differences in the amounts of active cannabinoids that enter the circulation. Hence,

smoking cannabis has more intense effects than oral consumption. Many of these effects are

discussed in Chapter 1, Effects of cannabinoids on CNS function, paras 1.17–1.19.

6.12 Cannabinoids such as THC can have adverse psychoactive effects. These include induction

of panic attacks in the naïve user. There may be impairment of cognitive function and motor

skills for a period after exposure. Whilst not necessarily harmful in themselves, these could be

of concern in those involved in physical activity requiring coordinated functions, such as driving

and operation of machinery. Dizziness and impairment of balance would be of particular concern

in the elderly. There is evidence that tolerance to these effects develops on long-term use.61

6.13 The literature on the long-term effects of cannabinoids on the CNS is contradictory.

However, the balance of evidence indicates that cannabinoids do not cause any irreversible

changes in either the structure or the function of the brain, except in individuals who are

susceptible in whom there may be some adverse effects on certain cognitive functions or the

precipitation of psychosis62 (see discussion below, paras 6.14–6.24). 

Psychosis
6.14 The relationship between cannabis use and psychosis is a matter of considerable scientific

debate, public concern and controversy. National and local surveys have reported that cannabis

use is higher in patients with psychosis. If true, this could be either because psychotic patients

are more likely to use cannabis or because cannabis use predisposes to or precipitates psychosis. 

6.15 Acute cannabis intoxication can give rise to brief psychotic states and can exacerbate pre-

existing psychotic symptoms.63 Psychotic patients are more likely to remain symptomatic if they

persist in using cannabis. Cannabis use in psychotic patients is likely to make the illness worse

rather than better and there is little objective evidence that cannabis will attenuate their symptoms.

6.16 Whether cannabis use is a truly independent risk factor for the development of subsequent

psychosis is a more challenging scientific question.62,64–66 Difficulties with conducting research

in this area include determining whether any association of cannabis use with subsequent

psychosis is present only in those with a predisposition or vulnerability for psychosis and whether

appropriate and full adjustment for social, personal and demographic confounders has taken

place. Such confounders may include, for example, urban environment, poor social integration,

odd behaviours and other drug and alcohol abuse; cannabis use may be associated with all these
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confounders, which in themselves may increase risk for psychosis. Cannabis use is very common,

whereas psychosis is relatively rare, thus very large samples with appreciable rates of psychosis

are necessary for meaningful analysis. 

6.17 Five recent longitudinal studies (the Swedish Conscript,67,68 the Dutch NEMESIS,69 the

German EDSP,70 the Christchurch,71,72 and Dunedin73 studies from New Zealand) have looked at

the statistical association between cannabis use in teenagers and young adults and the risk of

psychotic symptoms. The consensus view is that cannabis use is probably an independent risk factor

for the development of subsequent psychosis. This risk is dose related and is greater in younger

populations (cannabis use by 15 years of age). Controlling for confounding social, personality and

demographic factors (insofar as this can or has been done) in all studies reduces the magnitude of

the associated risk, but does not eliminate it; the adjusted odds ratio (magnitude of effect) is between

2 and 3. Two recent reviews64,74 of this difficult area concluded: ‘on the basis of the best evidence

currently available, that cannabis use is likely to play a causal role with regard to schizophrenia’ and

‘cannabis is an independent risk factor both for psychosis and development of psychotic symptoms’. 

6.18 A two- to three-fold increase in risk is modest compared to, say, the 10- to 12-fold risk

of lung cancer from tobacco smoke. In non-vulnerable individuals (no family history of psychosis,

prodromal symptoms, and above 18 years), the risk is a similar order of magnitude to other

putative non-genetic risk factors for psychosis, such as obstetric complications, and place and

season of birth. It is thus important to appreciate that the majority of adolescent cannabis users

do not later develop psychosis or psychotic symptoms. 

6.19 One report has examined the relationship between variations in the gene encoding an

enzyme (catechol-O-methyltransferase, or COMT) involved in dopamine metabolism and adult

psychosis following cannabis use in adolescence.75 Carriers of the COMT valine158 variation

were more likely to show psychotic symptoms if they had used cannabis but the number of

subjects with psychosis was relatively small, making a precise estimate of risk difficult. This

finding needs to be confirmed in other studies before its clinical significance can be determined. 

6.20 The relationship of psychosis to cannabis use is obviously relevant to the use of

cannabinoids for medical purposes. Endocannabinoids and exogenous cannabinoids affect a

number of neurotransmitter systems, including dopamine and glutamate, which are implicated

in psychosis. However, the complexity of these interactions, and the uncertain nature of the

biochemistry of psychosis, does not allow robust preclinical predictions as to whether cannabis-

based medicinal products are likely to increase psychosis risk.

6.21 Clinical trials of cannabinoid preparations to date have excluded patients with a history

of serious psychiatric illness and age below 18 years. In such clinical trials, the incidence of

psychosis appears low. For example, experience of Sativex® in clinical trials involving almost 820

subjects with >400 patient years of exposure, gives frequencies of transient psychotic symptoms

as visual hallucinations (1.7%), paranoid ideas (1.3%), auditory hallucinations (0.2%) (data

supplied by GW Pharmaceuticals). Data from the large MRC-sponsored CAMS trial suggest that

the incidence of hallucinations/paranoia is 1–2% with all symptoms apparently settling on dose

adjustment (data supplied by Dr Zajicek). 

6.22 The mean age of patients with medical conditions for which cannabis products may be

prescribed in the future (eg neuropathic pain, spasticity), is likely to be greater than the most

vulnerable age for cannabis increasing the psychosis risk (less than 18 years of age). Furthermore,
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the present exclusion criteria, and/or precautions used in clinical trials, may well continue with

any approved use of novel agents. For example, the current use of Marinol® (THC) advises

caution and careful psychiatric monitoring in patients with mania, depression and schizophrenia. 

6.23 Thus, although the risk of cannabis inducing a subsequent psychosis must be taken

seriously, the magnitude of this risk in populations with severe disabling illness (such as multiple

sclerosis and neuropathic pain) may be outweighed if improved efficacy of the medicinal product

over existing treatments is clearly established.

6.24 Whilst the epidemiological studies above provide some quantitative estimate of the likely

risks of psychosis, albeit in select young populations, post-marketing surveillance is likely to be

an important tool in assessing the true objective risks of psychosis associated with medicinal

cannabis-based products.

Dependence 
6.25 Although it was previously thought that cannabis was not a drug of addiction, it is now

recognised that cannabis use can lead to substance dependence in perhaps as many as 10% of

regular users, according to the internationally accepted Diagnostic and statistical manual of mental

disorders (DSM-IV) definition of ‘substance dependence’.21

6.26 In rodents, chronic administration of THC or synthetic cannabinoids leads to down-

regulation and desensitisation of cannabinoid CB1 receptors in the brain.76 This might partly

explain the tolerance that develops in both animals and humans on repeated use of the drug. 

6.27 In both animals and humans, a clear withdrawal syndrome can be identified.21 In regular

cannabis users, abstinence can lead to a withdrawal syndrome characterised by negative mood

(irritability, anxiety, misery), muscle pain, chills, sleep disturbance and decreased appetite.77 A

placebo-controlled study showed that these symptoms were significantly reduced by oral

administration of THC, suggesting that the withdrawal syndrome and underlying substance

dependence were related to effects of THC on the cannabinoid CB1 receptor, rather than to any

other component of herbal cannabis.78 In clinical trials using THC as a medicine, no significant

withdrawal effects have been noted.

Conclusions 
6.28 The safety profile of oral THC is good. Acute psychic reactions, impairment of cognition

and effects on motor skills are dose-related and reversible. Tolerance to these symptoms seems

to develop with chronic exposure.

6.29 Cannabis smoke carries health risks related to inhaling toxic components of the cigarette

and therefore smoking cannabis cannot be encouraged.

6.30 There is an association between chronic cannabis use in young people and psychosis. The

implication for the treatment of adults (without predisposing factors for psychosis) with

cannabinoids is considered to be very modest but this does not obviate the need for careful post-

marketing surveillance studies.

6.31 Dependence on cannabis can occur in around 10% of regular recreational users but there

is no evidence that it occurs when THC has been used regularly for medicinal purposes.
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7 Summary and conclusions

7.1 Cannabis has been used for centuries as a medicinal compound for a number of ailments

without objective evidence of efficacy. Significant numbers of patients with multiple sclerosis,

chronic pain and epilepsy have tried cannabis. Some continue to use cannabis for the relief of

symptoms and report benefit. 

7.2 The main active ingredient of cannabis is tetrahydrocannabinol (THC), but a number of

other natural and synthetic compounds, called cannabinoids, are known to act on the same

receptors in the body.

7.3 The body has its own endocannabinoid system. It produces its own cannabinoids, and two

types of cannabinoid receptor (CB1 and CB2) with different and distinct tissue distributions

have been identified. The physiological role of endocannabinoids is currently the subject of

considerable research.

7.4 THC is rapidly absorbed into the bloodstream after inhalation. Oral ingestion is more

delayed and subject to greater inter-individual variation in blood levels. Application to the

oromucosal surface, for example by sublingual spray, may be a more suitable route of

administration. Recognised undesired effects include unpleasant psychic reactions, intoxication

and temporary impairments of skilled motor and cognitive functions. The practice of allowing

patients to self-titrate their dose against symptoms can help to circumvent this problem and

does not result in escalating doses.

7.5 There is good evidence that cannabinoids regulate appetite through the CB1 receptor. A

preparation of THC (Marinol®) is approved in the USA as an appetite stimulant for the treatment

of AIDS-related wasting. Treatment with a synthetic drug, called rimonabant, which acts to block

CB1 receptors leads to weight reduction. Interestingly, this drug may have the potential to affect

appetite for particular foods (research in progress), and other cravings, such as for tobacco.

7.6 There have been randomised placebo-controlled clinical trials of oral and sublingual

cannabis preparations and pure THC for the treatment of multiple sclerosis and chronic pain

but none are conclusive. There is some evidence for relief of spasticity and neuropathic pain and

for improvement in sleep. There are data suggesting that long-term treatment with THC may

have a beneficial influence on the course of multiple sclerosis but further studies are needed;

one such study of oral THC is being funded by the MRC. Further studies in pain are warranted.

7.7 There is evidence that exposure to cannabis in adolescence is associated with subsequent

psychotic illness. However, the patient population that might use cannabis as a medicine is

generally older than those at risk of cannabis-induced psychosis.

7.8 Although THC appears to be a relatively safe drug in adults, the same cannot be said of

cannabis smoke. Clinical trials exploring the health benefits of THC using alternative methods

of delivering the drug are to be encouraged.
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7.9 It is important to distinguish between the recreational use of cannabis and the use

of cannabis-based medicines. As our understanding of the physiological role of the endo-

cannabinoid system improves, new opportunities for manipulating it pharmacologically are

likely to emerge. In addition to targeting cannabinoid receptors, medicines that boost endo-

cannabinoid function by slowing the inactivation of these substances are being explored.79

Furthermore, new therapeutic indications for cannabis-based drugs are on the horizon. Blocking

CB1 receptors to reduce appetite is one example and other ongoing studies are exploring the

value of targeting CB2 receptors for pain relief and treating inflammation. Blocking both receptor

subtypes may protect against osteoporosis. 
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APPENDIX 1

Cannabis and cannabis-based medicines:
Potential benefits and risks to health
Patient information

Cannabis or marijuana comes from the plant Cannabis sativa and has been used for centuries
for the relief of symptoms from a variety of diseases. Concerns over the risks to health
from cannabis use, particularly its effects on the brain, mean that its use is illegal in many
countries. Nonetheless, cannabis is commonly used as a recreational drug and thousands
of patients with AIDS, multiple sclerosis, chronic pain and a variety of other disabling
diseases have tried and continue to use it in the firm belief that it makes their symptoms
better. 

It is important to recognise that no drug is absolutely safe. It is also important to distinguish
between the recreational use of cannabis and its use as a medicine. Opinion on the value
of cannabis as a medicine for a particular patient’s symptoms or condition depends upon
whether there is a need for a new medicine for that complaint, the chances and severity
of side effects, and the amount of benefit it produces compared to existing treatments. 

There is no doubt that new medicines are needed for the treatment of chronic pain and
the relief of spasticity caused by multiple sclerosis. For other conditions for which cannabis
has been suggested as a medicine, such as migraine, nausea and glaucoma, there are already
very effective treatments. To be useful, cannabis has to be at least as good as and as safe
as the medicines in current use.

Most people who use cannabis illicitly smoke dried cannabis flowers, leaves or extracts
from the plant in a hand-rolled cigarette (or ‘joint’) or in a water pipe (or ‘bong’). The
effects of this are experienced within minutes, but the smoke contains many of the
substances felt to be harmful in tobacco smoke. This causes concern that taking cannabis
in this manner carries the same risks to the lungs as smoking tobacco and so is strongly
discouraged. 

The main active ingredient of cannabis is THC (∆9-tetrahydrocannabinol). A synthetic form
of this chemical known as dronabinol (Marinol®) and a related drug, known as nabilone,
can be given in capsules by mouth. Extracts of cannabis have also been formulated for use
as a mouth spray. Pharmaceutical companies have made and continue to make variations
of THC with the aim of copying some of its desirable effects. 

THC and cannabis extracts have well-recognised side effects. They can cause dizziness and
clumsiness, affect mood, disturb thought processes and cause hallucinations; these are
distressing but reversible. People differ in the doses they are able to tolerate and side
effects are more likely to occur in people who are not regular users of cannabis. 
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The best tool for assessing the effectiveness of THC and cannabis extracts as a medicine
is a clinical trial. In a clinical trial, the effects of the test drug are compared with those of
an effective treatment or with a dummy-treatment known as a placebo. Clinical trials of
dronabinol and nabilone indicate that these drugs can reduce nausea and vomiting caused
by cancer chemotherapy, and they can be prescribed by doctors for this if conventional
treatment has failed. Clinical trials of dronabinol and extracts of the cannabis plant in a
spray formulation, known as Sativex®, provide some evidence to suggest that these drugs
may provide some relief from chronic pain and spasticity, particularly in multiple sclerosis,
but the results are not conclusive. Sativex® has recently been given provisional approval
in Canada for the treatment of chronic pain associated with multiple sclerosis, and the UK
Home Office has said that this drug can be imported into the UK for the treatment of
individual patients on prescription from a doctor. Further clinical trials with these
formulations for the treatment of the symptoms of multiple sclerosis and chronic pain are
needed and indeed are already underway.

Major concerns arising from studies of the recreational use of cannabis are the risk of
developing a long-term mental illness (known as psychosis), the risk of becoming dependent
on the drug, and the possibility that it may lead on to other stronger drugs. Studies have
shown more mental illness among people who have smoked cannabis regularly during
adolescence than people from the same community who do not take cannabis. It is not
clear from these reports that regular cannabis use actually causes mental illness but the
association raises an alarm. Cannabis and cannabis-based medicines should not be given
to adolescents or people with a history of mental illness unless there are clear benefits
from such medicines in these groups and even then careful observation of these patients
is necessary.

Studies of regular users of cannabis for recreational purposes suggest that around 10% of
users show evidence of dependence. On the other hand, studies of the use of THC and
cannabis extracts in multiple sclerosis for up to 12 months have not reported dependence
on treatment as a problem, even though patients were allowed to vary the dose they use
themselves to achieve the desired benefit. Similarly, there is no evidence that the use of
THC and cannabis extracts in clinical trials leads to the use of stronger medicines, such
as opiates.

In recent years, it has become clear that the body produces its own cannabis-like substances.
The role these substances play in regulating body functions is gradually becoming clearer,
and include the regulation of appetite and of factors which might influence heart disease
and bone strength. This raises the interesting possibility in the near future of new drugs
for the treatment of obesity, heart disease and osteoporosis. The benefits and safety of
these drugs will be evaluated in studies designed according to well laid out regulatory
guidelines for the development and approval of new medicines. 
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