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Genetic abnormalities found in cancer typically affect
two general classes of genes. Cancer-pronoting
Camceogemedisease in which a group of cells display the

traits of uncontrolled growth. This means that the cells
grow and divide beyond the levels of normal limits. The
cells are also able to invade and destroy surrounding
tissues. In addition cancer cells sometimes also
metastasize, meaning that they spread to other locations

in the body via the blood or lymph.

Most cancers are caused by abnormalities in the genetic
material of the cells. These abnormalities may be due to
the effects of carcinogens. Other cancer-promoting
genetic abnormalities may be randomly acquired through
errors in DNA replication, or are inherited, and thus

present in all cells from birth.

Genetic abnormalities found in cancer typically affect
two general classes of genes. Cancer-promoting oncogenes
are often activated in cancer cells, giving those cells
new properties, such as hyperactive growth and division,
protection against programmed cell death, loss of resgpect
for normal tissue boundaries, and the ability to become

established in diverse tissue environments.
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tumour and the stage of the disease.

Complete removal of the cancer without damage to the rest
of the body is the goal of treatment. Sometimes this can
be accomplished by surgery, but the propensity of cancers
to invade adjacent tissue or to spread to distant sites
by microscopic metastasis often limits its effectiveness.
The effectiveness of chemotherapy is often limited by
toxicity to other tissues in the body. Radiation can also

cause damage to normal tissue.

Cancers are known to affect many areas of the body with
the most common types of cancers including: cancer of the
bile duct, cancer of the bladder, cancer of the bone,
cancer of the bowel (including cancer of the colon and
cancer of the rectum), cancer of the brain, cancer of the
breast, cancer of the neuroendocrine system (commonly
known as a carcinoid), cancer of the cervix, cancer of

the eye, cancer of the ocesophagus, cancer of the head and
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A tumour that develops in the brain can destroy or damage
brain cells by producing inflammation, compressing other
parts of the brain, inducing cerebral oedema (brain
swelling) and can cause increases in intracranial

pressure (pressure within the skull).

FEach year, approximately 4300 people in the UK are
diagnosed with a brain tumour. A primary brain tumour is
a mass created by the growth or uncontrolled
proliferation of cells in the brain. Malignant primary
brain tumours are most likely to cause problems by
spreading into the normal brain tissue which surrounds
them and causing pressure and damage to the surrounding
areas of the brain. These tumours rarely spread outside
the brain to other parts of the body. However, secondary
brain tumours occur when cancer cells from other parts of

the body, such as the lung or breast spread to the brain.

Surgery is the treatment option of choice for many brain

tumours. Some may be completely excised, but those that
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Gioblastoma multiforme (GBM is the nost common and
Ghosttlastoma multiforme (GBM) is the most common and most

aggressive type of primary brain tumour and accounts for
52% of all primary brain tumour cases and 20% of all

intracranial tumours.

Different approaches are being researched in order to
improve the mortality rate of patients diagnosed with a
glioma. These include therapies that target the glioma
cells but leave normal cells unharmed, methods that limit
the spread of the cancer cells and treatments that block

the tumours life-sustaining molecules.

One such area of research involves the use of

cannabinoids as anti-tumoural agents.

Cannabinoids are the active constituents of cannabis
plants and they have been found to demonstrate numerous

pharmacological properties.

For example EP1177790 (Guzman et al.) describes the
treatment of cerebral tumours by the administration of a

natural or synthetic cannabinoid, specifically THC. It is
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In addition the applicant’s earlier patent EP1802274
describes the use of the cannabinoid CBD to impede the
progress of cancer cells migrating from their primary

tumour location to a secondary site.

Furthermore, Medical hypothesis (2006) vol 66, pages 234-
246 discusses the physiological and clinical effects of
THC and CBD and presents a rationale for their
combination. Under “neoplastic disease” (page 242)it is
acknowledged that THC has cytotoxic benefits and that CRBD
has also proven cytostatic/ cytotoxic. It i1s suggested,
given the analgesic effects of the CBD:THC combination in
cancer treatment, the side benefit of THC and CBD in
chemotherapy induced nausea, and these primary effects on
tumor growth and spread that there is a strong rational
for additional clinical trials. However, the generality
of this teaching could not have predicted the benefits

that could be achieve in combination in what would
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20:1 to 1:20 (THC:CBD).

More preferably the THC and CBD are in a ratio of from
between 5:1 to 1:5 (THC:CBD).

More preferably still, the THC and CBD are in a ratio of
between 2:1 to 1:2, more preferably still, approximately
1:1.

Each cannabinoid is provided in a therapeutically effect
amount. Dose ranges for the THC and CBD may be determined
by reference to the cannabinoid content which is
preferably in the range of between 5 and 100mg of the

total cannabinoids.
The cancer to be treated may be a brain tumour.
Brain tumours are usually classified according to the

location of the tumour and the type of cell that the

cancer has developed from.
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particularly useful where the brain tumour is a glioma

tumour, more particularly glioblastoma multiforme (GBM).

The one or more cannabinoids may be present as plant

extracts, as pure compounds, or a combination of the two.

A plant extract is defined as an extract from a plant
material as described by the Guidance for Industry
Botanical Drug Products Draft Guidance, August 2000, US
Department of Health and Human Services, Food and Drug

Administration Centre for Drug Evaluation and Research.

Plant material is defined as a plant or plant part (e.qg.
bark, wood, leaves, stems, roots, flowers, fruits, seeds,

berries or parts thereof) as well as exudates.

More preferably the plant extract is in the form of a

botanical drug substance.

Botanical drug substances which are derived from cannabis
plants include primary extracts prepared by such

processes as for example, maceration, percolation,
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Botanical drug substances are formulated into Botanical
Drug Products which are defined in the Guidance for
Industry Botanical Drug Products Draft Guidance, August
2000, US Department of Health and Human Services, Food
and Drug Administration Centre for Drug Evaluation and
Research as: “A botanical product that is intended for
use as a drug; a drug product that is prepared from a

botanical drug substance.”

The one or more cannabinoids may be administered
separately, segquentially or simultaneously to one

another.

Certain aspects of this invention are further described,
by way of example only, with reference to the

accompanying drawings in which:

Fig 1 is a bar chart showing the cell viability of human
U887 MG astrocytoma cells after treatment with THC, CBD or

a combination of THC and CBD in comparison to a control;
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Example 1: The effect of THC and CBRD at inhibiting cancer

cell growth in vitro.

Tetrahydrocannabinol (THC) and cannabidiol (CBD) in the
form of cannabis plant extracts were dissolved in ethanol
to a concentration of 100mM this was stored at -20°C until

required.

Before use the cannabis plant extracts were further
diluted to the desired concentration, ensuring that the

concentration of ethanol was below 0.001%.

U887 human glioma cells were used throughout this
experiment. The cells were maintained at 37°C in a

humidified atmosphere with 5% CO, and 95% air.

Cells were cultured in a 75cm® culture flask in Dulbecco's
Modified Eagle Medium (DMEM), which had been supplemented
with 4mM L-glutamine, 100 units/ml penicillin, 100 mg/ml
streptomycin, 1% sodium pyruvate, 1% non-essential amino

acids and 10% heat-inactivated fetal bovine serum.
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and CBD at inhibiting cancer cell growth in vitro.
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cannabis plant

extract)
THC 0.37 0.64 0.43
CBD 0.47 0.72 0.47

As can be seen from Table 1 above the THC and CBD
extracts compare very favourably in activity to their
corresponding pure compounds, when the amount of
cannabinoid in the extract is adjusted to an equivalent

amount of pure compound.

This shows that THC and CBD and their extracts are

effective in inhibiting glioma cell growth.

Example 2: The effect of a combination of THC and CBD

extracts at inhibiting cancer cell growth in vitro.

This experiment tested whether a combination of THC and
CBD extracts were as effective at inhibiting cell growth

as the extracts alone.



Modi fi ed Eagl e Medi um (DVEM , which had been
suppl emrented with 4nmM L-gl utam ne, 100 units/m
w@emnaiidd n, 100 nmg/ m streptomnmycin, 1% sodi unPCT/GB2009/050621
pyruvate, 1% non-essenti al 1am no aci ds and 10%
heat -i.nacti vated fetal bovine..serum The viability of
TRR RIS UST M Bt e ytoma: Haft st et e Wi neth &t
various cannabi noid concentrations. The THC and CBD
extracts were conpared agai nst pure THC and CBD
Re@shfss : Table 1 : Cell viability of human U87 MG
astrocytoma cells in culture As can be seen from Tabl e
1 above the THC and CBD extracts conpare very
Fiqvoeirabllgtanl acd i vat ycliart hédsccories ponei ogl pur e

C ounds, en th nt of cannabi noj in the
B aiend e ARl e LR A SRS S A
TEONPOUNERD Thi srshovsathat THE and-GRBD andi dhebfth one

extracts are effective in inhibiting gliom cel
appidwth. Exanple 2 : The effect of a conbination of THC
and CBD extracts at inhibiting cancer cell growth in
vitro. This experinment tested whether a conbination of
AdHG@ansk CBR:extiact shaveTieC asn@fd®utdve @ted nhi bi ti ng
cel] gromh as the extracts al one. The nethods used

CORP A fesh® e + nV Exahpt &Y 1T Aoyl L RESHE Y TR e
id deh@ilSsé bas oharde deseriibi ng:{ haef@ﬁ Ltyé&@@héﬁ Yur Ofh

human U87 MG astrocytona cells versus
either THC or CBD alone.

This data suggests that the cannabinoids THC and CBD
would be more effective in the treatment of tumours when

used in combination.

Example 3: The effect of a combination of THC and CBD at

inhibiting cancer cell growth in vivo.

This experiment tested whether the combination of THC and

CBD extracts were also effective in vivo.

Human U887 MG astrocytoma cells were xenografted to nude
mice and the test compounds were injected peritumourally
at a concentration of 15 mg/kg per day.

Results:

Table 2: Tumour volume relative to zero time following 15

days of treatment

Tumour volume
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effectlve I'n vivo. Human U8/ MG astrocytoma cells were
xenografted to nude mice and the test conpounds were
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treatment with either the pure THC or the THC extract

al one. This data suggests that the cannabi noids THC
Thhg €BR suggests that the cannabinoids THC and CBD

would be more effective in the treatment of tumours when

used in combination.

Example 4: Effect of cannabinoid concentration on cell

viability in two different cell lines.

The action of THC, CBD, and a 1:1 ratio mix of THC and
CBD were studied at different concentrations on two cell
lines: U87/MG and T98G. The cell viability data is

illustrated in Figs 2a and 2b.

Referring to Fig 2a it will be seen that ineffective /
sub-optimal doses of THC and CBD at 0.lug/ml and
0.25ug/ml (greater than 90% cell viability)gave way to a
statistically significant decrease in cell viability in
combination (SAT), which data showed a dose dependant
relationship with increased concentration (greater cyto-

toxicity at 0.25ug/ml).

Similar results were obtained with cell line T98G, (an
alternative human glioma cell line) as is shown in Fig

2b.
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THC is known to induce cell death using a signalling
route involving the gene ATA and pan-caspase. The
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CRhos horyl ation, LC3 |ipidation and the effect of an
Hhd" @ Panttaspase i nhibitor are shown in Figs 3a,

3R afﬁhﬁ&l g%ﬁﬁ&&éye£¥tlv1ty (as determined by the

levels of S6 phosphorylation) ;and

® Promotes accumulation of the lipidated form LC3 (a

hall mark of autophagy).

Fig 3b shows that silencing the essential autophagy gene
ATGl, with a selective (giATG10) siRNA inhibitor reduces
induced cell death compared to cells transfected with a

control siC.

Finally, Fig 3¢ shows that cells treated with the pan-

capase inhibitor Z-VAD also prevent induced cell death.
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conbiofatieareaf. cannabi noids in the nanufacture of a
medi canent for use in the treatnent of cancer. 2 . Use
as clainmed in claim1 , which conprises at | east
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Use as clained in claim 2 , wherein the THC and CBD

ar e itetaahadire cennipamobet WEEN 2041 ceanpL2QL1OTHCCEBD).
4 . Use as clainmed in claim2 , wherein the THC and
CBD are in a ratio of approximately 1:1. 5 . Use as
3clai wee ier anyiekd He predediong wtleaierts, thkemeicn atlie CBD
cannabi ngid content is in the range of
are in a ratio of from betweenh 20:1 to 1:20

(THC:CBD) .

4, Use as claimed in claim 2, wherein the THC and CBD

are in a ratio of approximately 1:1.

5. Use as claimed in any of the preceding claims,
wherein the cannabinoid content is in the range of
between 5 and 100mg of the total cannabinoids

present.

6. Use as claimed in any of the preceding claims where
each cannabinoid is used at a level which would be

considered sub-optimal if being used alone.

7. Use as claimed in any of the preceding claims,

wherein the cancer to be treated is a brain tumour.

8. Use as claimed in claim 7, wherein the brain tumour

is a glioma tumour.

9. Use as claimed in claim 8, wherein the brain tumour

is a glioblastoma multiforme (GBM).
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.10. Use as clainmed in claim1 , wherein the one or
nore cannabi noi ds are present as plant extracts, as
1 pur e Usenpeuds,ined anc«rmaiinatliOon wok rehe tthe. plintUse
as clainmed in claim210, wher ghe pl.an extract 'S
in t REF6h ¢f 4 botEnitCam § u@ Ghéfdnce 9H8. Use as
cl ai red sirnpapy of the preceding clains, wherein the
one or nore cannabi noi ds are adm ni stered separately,
sequentially or simultaneously to one another.

12. Use as claimed in any of the preceding claims,
wherein the one or more cannabinoids are
administered separately, sequentially or

simultaneously to one another.



