1 ANTI - TUMOURAL EFFECTS OF CANNABI NO D COVBI NATI ONS The present invention
relates to the use of a conbination of cannabinoids in the manufacture of a
medi canent WP 20847 t he treatment of cancer. In parti dHTABARRWEOWEhcer to be
treated is a brain tunour, nore particularly a glioma, nore particularly stil

a gliobl astoma maNti fcoMeURAEBHFFEcUst b qroefamNed DcaomBiNAmIialsc orbi nat i on
conpri ses tetrahydrocannabi nol (THC) and cannabi di ol (CBD). BACKGROUND TO THE
| NVENTI ON Cancer a disease in which a group of cells display the traits of

uncont rol | edrge optdkenthiisveBansnt hata dhe teekhs geow and dinviidgtbeyond t he
levels of nornmal limts. The cells are also able to invade and destroy
surroundi ng Pf sSSP IdddiPi BRS CaHEER CEFPs 0§ ofretF e ™o fREt ast asi ze,

nmeani ng that ythey, spreadbemehpess | ogatdonsni pathecbody tiea bheebl ood or
| ynph. Most cancers are caused by abnormalities in the genetic material of the

cel | s. Thesetabporrddtces snayPhel fuemy v h8C&pf eet s Bl agdrcPnogens. O her

cancer - pr omoLh 0, JeNiieC ;BPRQENBLI1{ &5 iMBY 2De1 £ BRUOM hAGRUKE ed har ough errors
in DNA replication, or are inherited, and thus present in all cells from
birth. Geneti(eBbriorhdllict PESTebup@ Fanreancer dt gpieatd it caf FOEPTE@ds gener al

classes of gepes,,ANCerREOABY | PR1ONGOYENEes  aheq it enrpgti vated in cancer
cells, giving those cells new properties, such as hyperactive growh and

di vi sion, protection against programmed cell death, |oss of respect for normnal

ti ssue boundaptRSrot doheuabikityrisy beconme established in diverse tissue
environments. 2 Tunour suppressor genes are often inactivated in cancer

cells, resulting in the loss of normal functions in those cells, such as

accurate DNAﬁ eplicati.on, .control. cell .cygl ey, i aLion and
adhesion wt %ng%%§€ﬁg§%a§%d %nte%g%?{éﬁaaftﬁ p?%te%t?%f %? IFsgof t he i mmune
system Ther eratries manhyrdiohftepéhtdtypeshof Teanceeaand-ltate téancetlés usual |y

classified ageording 4iqLeslype, ofnd I28ue f LOMALEN 1tn;Qrlghngted Cancer is
usually treated by one or nore o e follTow ng: surgery, chenotherapy,
radi ati on theeapy,aiamaizot hetapyo andvarmeneclonaktany i hodyunkhlengpy. The type of

therapy depepds.upon fhe J,q¢at) o0, And orade eb,Lhg Jyunpur, and the stage of the

di sease.
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 respect
for normal tissue boundaries, and the ability to become

established in diverse tissue environments.



Compl ete renoval of the cancer w thout damage to the rest of the body is the
goal of treatnent. Sonetinmes this can be acconplished by surgery, but the
propensity oYORMARERY to invade adjacent tissue or to spCE4PPYOHO3t ant sites
by m croscopic netastasis often lim ts?its effectiveness. The effectiveness of
chenotherapy is often limted by toxicity to other tissues in the body.

Radi ati on can al so cause danage to normal tissue. Cancers are known to affect
many areas of YPNe BORPIWEEATt PR DA CEHMGR tYpest Gi-<Candere"FREl udi ng: cancer

of the bile ducts, cancerial thecid adder orcapeesl ofutdie hbenen eapser of the
bowel (including cancer of the colon and cancer of the rectun), cancer of the
brai n, cance?e%?s't He'Br €8s ECCeaneerPBf R LAdhr denduttlitve §Ysf e comonl y
known as a caici nojdl)e, canegkafiod e LalvieXiogancelioft ithecgyeangancer of the
oesophagus, cancer of the head and 3 neck (this group includes carcinonas
that start iAttHerEelds "ihat PFoFeR T He 195RiAgO6f tihe HOREh SYAGS®; throat, ear
or the surface |ayer covering the tongue), Kaposi's sarcoma, cancer of the

ki dney, cancer of the larynx, |eukaem a, cancer of the liver, cancer of the

| ung, cancer Tere herd yisph AédesteHodglss €1l gapronehdmeHEEHRFR' s | ynphona,
mel anoma, nesotheldonp.cinkek ey cancelinof chhenovarye zanger,of the pancreas,
cancer of the penis, cancer of the prostate, skin cancer, soft tissue
sarconmas, cahEer Wilathe tspirndalnee?d, cancer of the stomach, testicul ar cancer,
cancer of the thyroid, cancer of the vagina, cancer of the vulva and cancer of
the uterus. A tunour that develops in the brain can destroy or danmage brain
cel l's by prodaesey infisamiayi brcatohpressengrothes Parths of the brain,

i nduci ng cer wogde in j an i eases in

i ntracranial ?%%gsgfgg %gf(eyggufecwé(ﬁélﬂﬁr}%%g'sgaﬁﬁﬁfﬁggﬁleigg&f appr oxi mat el y

4300 peopl e inmuhetige agrve adiagrosed il ing tbeay ntharayur. TASpEypary brain

tunmour 1s a %%&faﬁ%ﬁ ed Q}{déh&p%ﬁ oWh jor uncont g ol lediprel Lfgration of cells
i gnant 5 r

in the brain. rimry ain tunours are st likely to cause

probl ens by spreadiang itheosthec nof ndle brigeasei ssue whi ch surrounds t hem and
causing pressure and danmage to the surrounding areas of the brain. These
tunours rarely spread outside the brain to other parts of the body. However,
secondary bré@rmpitemmpuresiogedurf whieh cancer weehbst fdomast Her tpar tgsof the body,

such as the lLung or,_Dbreast r to th rain. .4 are deep.or at infiltrate
brain ti ssueO%rflnafgh eboé{é/bgrgkéggrgg lerOfT ﬁéf%a?g%%géd?o%dﬁae% gﬁl?h%‘%gpy and
chenot her apybaaycbenglectrmehdesudependiong ohet heotsrpet tof otfunpureisvol ved.

diom cell E%Jm)urs can .ofteE pe | ethal .. The chgr@ctdersit%tnitc diffuse

. . . nvade adjacen ssue Or Lo sSpre i Csires
infiltrative tTunour grO\R/tﬁ 0 g]rl omas of tent makes t he surgi cal 'fTenoval of them

i npossi bl e and thisogropficundt ys conpd iccatees 1ihétel it8 calfepmnageaent of these
patients. 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 neurocendocrine system (commonly
known as a carcinoid), cancer of the cervix, cancer of

the eye, cancer of the oesophagus, cancer of the head and



dioblastoma nmultiforme (GBM is the nost conmon and nost aggressive type of
primary brain tunour and accounts for 52%of all primary brain tunour cases
and 20% of VP 2¢0/474¥r ani al tunours. Different approachd$TAROPEFKE r esear ched
in order to inprove the nortality r at e Sof patients diagnosed with a gliona.

These i ncl udgetherapiesrvhat ihargeis theghbess eedd sstut: lieaveenormal cells
unharnmed, nethods that limt the spread of the cancer cells and treatnents

that bl ock tHReltundtits IrFel8ast HHihg ndPEcliPes?: Giesucht8fka of research

i nvol ves thecusesofticannabibpei dsyas @td-ithymeue ato@gent,s kacapnabi noi ds are the
active constituents of cannabis plants and they have been found to denonstrate

numer ous phaffBcUrogiCAICEHr Bpetit esidnsgr ERBRBF e EPPET APS0 EGUzMaN et al.)

describes thectkeatimentcotecerebriad 1unQUr sahyet her adid niustr ation of a natural
or synthetic cannabinoid, specifically THC. It is 5 clainmed that activation

of specific Feeept dtls Theads™Po Beftt ipelodeat A bY™RIHEAr 838For med cel | s.

Recent |y theygannabinaiygotBR:hase baemh-shawnot Be POSSES Sy@Nbinat umoural
properties (Massi et al. 20045. The work described by this paper describes

anti-prolifefatfsie &F i@t §VBBY h FHGAL 106 G8FnBUST=3iNd A937SThifan gl i oma cel |

l'ines and ineyivg.usi ngWBZ -hyram gld.one ¢el | sy sybcitaneousky | nplanted to
nude mice. Mlignant gliomas are highly infiltrative and proliferative
tunours, whi EhS$et |BWCaTeRar aetert sti dhpatrernl ofogtowdhced péniieel | s i nvade

the adj acent sporimal hrain cstLuctures: and surrgundingarge bLogd.vessels. In
addition the applicant's earlier patent E11802274 describes the use of the

cannabi noi d CBO-t® vVafgiede Checpr ogr eds ofilvaneed ewldsy wifgihting fromtheir
primary tunmoyr.location to a secondary site. Furthernore, Medical hypothesis
(2006) vol 66, pages 234- 246 discusses the physiological and clinical effects
of THC and CBD and presents a rationale for their conbination. Under

Theopl asti ¢ di sense’ (haoe.242)5¢ s acknouledged dhat. STHC hagygyl ot oxi ¢

benefits and t as al so proven cytostatic/ cytot I S suggest ed,
gi ven the anbfgesiceldfsf éct srofluthey CBDIFHGCatombi natlitoresisnnganteertr eat nent, t he

si de benefit in, 0t her Lnd n and these primary
effects on t%%%%ggggig% gﬁglgbr%é@ﬁgﬁg?%F%§¥égys&%%%¥?g%%%?gtional for

addi tional ckvalkalol) rdnal sanHoweyerindieesgenénalntseofartikils t eachi ng coul d not
have prediCtSgeégﬁm?eQEEE%%réh%{tﬁﬂyhﬁmp%kﬁﬁﬁﬂ?Ve i n conbination in what would

Each 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



6 ot herw se have been consi dered sub-opti mal

(or ineffective anmounts) for the

conmpounds al one. SUMVARY OF | NVENTI ON According to the present invention there
is provi ded WRaMWHIE4IH¥F a conbination of cannabi noi ds i n PCRERHENGF%Et ure of a
nedi canent for use in the treatnent of ‘cancer. Preferably the cannabinoids
conprise at heasdedetdrahydrocannabine HrEHE) tagthcannabiedidebu( £8D) .
the THC and CEQ are in a ratio of frombetween 20:1 to 1:20 (THC. CBD). More

preferably the"AHC difd EEEPEFE-in a ratio of frombetween 5:1 to 1:5

( THC: CBD) .

be treated may be a brain tunour.

Preferably

More preferably still, the THC and CEO are in a ratio of between
2:1 to 1:2, nore preferably st|II approximately 1:1. Each cannabinoid is
provi ded i n B2t el dBetircaPrya Rt f Gar RS GAPY %%eb? AFGeETeFethe THC and CEO

may be det er gipech iy ref ehenegpt oot hentannahi,poig&y content which is preferably
in the range of between 5 and 100ng of the total cannabinoids. The cancer to

Brain tunmours are usually classified

accor di ng togthend acati eamelirtheat utmw, ardi1theat ype,of cell that the cancer
has devel oped from

characteristic diffuse infiltrative tumour growth of
gliomas often makes the surgical removal of them
impossible and this profoundly complicates the clinical

management of these patients.

Glioblastoma 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



7 For exanple different types of brain tunour Include: acoustic neurona,
astrocytoma, GNS | ynphoma, ependynonma, haemangi obl ast oma, nedul | obl ast ong,

meni ngi oma, YYPRYHAI4# xed gl i oma, ol i godendroglioma, pi FEACEHE0H82% unours and
pituitary tunours. dionmas are t unour s Sof t he glial cells; these cells support
and protect pesve=cells katihetbsaide Qdcamas corgsise neankythal f of all
primary brain tunours and a fifth of all primry spinal cord tunours. The
cannabi noi d EBHBTNAtS GiTeef PhetFhvieritlisd rf“§dp8?¥lr%ul arly useful where the
brain tunmour is a glioma tunour, nore particularly glioblastoma nultiforne
(GBM . The one or nore cannabinoids may be present as plant extracts, as pure
conpounds, oReaStlonbithgt C6R7BPIEME t .hﬂspgéﬁ]ﬂ TRPadt P§SgefFfned as an

extract fromacplaniourmtiebir-abe 88idesgrded Byt hex@uydange ferkl ndustry
Bot ani cal Drug Products Draft Cui dance, August 2000, US Departnent of Health

and Human Sefl9feeReFood tand PrRRY AT SEFatl bh et i@ P6EVer ug Eval uati on

and Resear cherPhafy mteninal jisodefined:as .aaphant 0mpl antopart (e.g. bark,
wood, | eaves, stens, roots, flowers, fruits, seeds, berries or parts thereof)

as wel | as ex@HhtESeMVERE preferablsinchdsgl Arraexdr et iclif the form of a

bot ani cal dr ug,subsiance., Babanhcal «y uggsupstances which are derived from
cannabis plants include primary extracts prepared by such processes as for

exanpl e, maceration, percolation, 8

Malignant gliomas are highly infiltrative and
proliferative tumours, which follow a characteristic
pattern of growth. Glioma cells invade the adjacent
normal brain structures and surrounding large blood

vessels.

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 CBD
has also proven cytostatic/ cytotoxic. It is 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



extraction with solvents such as O to 05 alcohols (e.g. ethanol), Norflurane
(HFA134a), HFA227, |iquid carbon di oxi de under pressure and extraction using a
hot gas. A p¥PAWPA4 &% ract may be further purified by sESE(RPE{0804P1 or
subcritical extraction, vaporisation affd chr omat ography. Wen sol vents such as
those |i st edoabome & eadsedctbhecsesiddrant sext paeimdmy(sgont ai n non-specific
i pid-soluble material. This can_be renoved by a variety of processes

i ncl udi ng wi hERF A En ATRHPER) | vl VEs CORPPPIMIG 310°220C fol | owed by
filtration to renove waxy ballast, extraction with |iquid carbon di oxide and
by distillation. Botanical drug substances are fornulated into Botanical Drug
Product s whi EHM%Z?‘P@Y&E‘iINé@NFﬁoghe Gui dance for Industry Botanical Drug
Products Draft Gui dance, August 2000, US Departnent of Health and Human

Servi ces, Food and Drug Admi nistration Centre for Drug Eval uati on and Research
as: " 1P, bot AAFeEILPr dduEtet RaESERT iitverdeanf BhetR el araVarag; tae drug product

that is prepated,fromavhatan,cals drigsubst ancen "t e 0ne s ek, pore
cannabi noi ds may be admi ni stered separately, sequentially or sinultaneously to

one anot her . °€et tBGH @SEEEL $OBFUEhi S ithreftPormare Furtdiéfrdescri bed, by way
of exanple only, with reference to the acconpanying drawings in which: Fig 1
is a bar chart showng the cell viability of human U87 MG astrocytoma cells
after treat nBAtfSHaH YTHEE cBD opizpictnsionatien of TH¥Ctand CBD in conparison to

a control; 9. Figs 28 and 2b.a1 e har) char s showing L@B\I\%\{O cell viability
data at different ‘concentrations on two cell |ines, 7 (Fig 2a) and 1980

(Fig 2b); and Figs 3a, 3b and 3c provi de data suggestive of the nechani sm of

action of th?r&f’é@é&%} ion TaF WBINRCellSin & ratio of from between

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 CRBD 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.



SPECI FI C DESCRI PTI ON The fol |l owm ng exanpl es descri be experinments undertaken to
ascertain the effect of conbinations of cannabinoids as anti-tunoural agents.
Exanpl e 1: TH@2WPAEEY of THC and CBD at inhibiting canc@CTEH2P09858Hk h i n
vitro. Tetrahydrocannabi nol (THC) and "cannabi di ol (CBD) in the form of

cannabi s pl antr extdm@dles awererdhssofped dinpethanohnd o anconeentrati on of 100mMM
this was stored at -20'C until required. Before use the cannabis plant
extracts wer 8 Fut tHe Ui Pifed?t or YHe- Fesi F8d CHREEMtT-atP6R YBASYr i ng that the

concentr at i ona&hae}Nanelstwas, betow BT mS it @Glad,onBieeh) s were used

t hroughout this experinment. The cells were maintained at 37Cin a humdified
at nospher e WtFeS%'COP2an8 198962 FEOCHS e RE &bl ¥IH e itV 7Scn? cul ture
flask in Dul hegce!s.iVedif iradoEagl e Medi um (DMVMEM), which had been suppl enent ed
with 4nM L-gl utam ne, 100 units/m penicillin, 100 ng/ M streptonycin, 1%
sodi um pyruvate, 1% non-essential am no acids and 10% heat-i nactivated fetal

bovi ne ser ums1; 4. Jhe-cvicabblibyo of citdhe humanc UBY; MG.ast ragytona cel s vere
exanm ned at various cannabi noid concentrations. The TUG and CBD extracts were

conpar ed agaPABRCPure TTHCOARAAT CBEV ReSUIFs TN Tabf eP12 iCeld 1¢abi | ity of human
UB7 MG astrogytofBs£eldas 1yl RaCBI M8 1 primary brain tumours and a

fifth of all primary spinal cord tumours.

The cannabinoid combination of the invention is
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.g.
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,



1050 pM (pure cannabi noi ds) 1050 pM (cannabis plant extract) 1050 pM
(equi val ent of pure in cannabis plant extract) THC 0.37 0.64 0. 43

WO 2009/147439 PCT/GB2009/050621
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extraction with solvents such as Cl to C5 alcohols (e.g.
ethanol), Norflurane (HFAl134a), HFA227, liguid carbon
dioxide under pressure and extraction using a hot gas.
A primary extract may be further purified by
supercritical or subcritical extraction, vaporisation and
chromatography. When solvents such as those listed above
are used the resultant extract may contain non-specific
lipid-soluble material. This can be removed by a variety
of processes including winterisation, which involves
chilling to -20°C followed by filtration to remove waxy
ballast, extraction with liquid carbon dioxide and by

distillation.

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, sequentially 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;



CBD 0.47 0.72 0.47 As can be seen from Table 1 above the THC and CBD extracts
conpare very favourably in activity to their correspondi ng pure conpounds,
when t he andMPe08f47¢¥nnabi noid in the extract is adjust @§FTIHB2UREYE val ent
anount of pure conpound. This shows thdt TUG and CBD and their extracts are

effective inrighihi tdag 28l besBL &Ll dhPrewshowEXgnph e7idio Hael1ef fect of a
conbi nation of TUG and CBD extracts at inhibiting cancer cell growh in vitro.

Thi's experi méntPtestedamiether” & Tl (FALCEATF TS &id TBOD8XEr act s were as

effective at1inkipiddng qekb gspwWdy apdcherext pact sasral one. 11 The net hods
used were as described in Exanple 1 above.

Figs 3a, 3b and 3c provide data suggestive of the

mechanism of action of the combination for U87MG cells.
SPECIFIC DESCRIPTION

The following examples describe experiments undertaken to
ascertain the effect of combinations of cannabinoids as

anti-tumoural agents.

Example 1: The effect of THC and CBD 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.



Results: Figure 1 details a bar chart describing the cell viability of human
Ug7 MG astrocytoma cells versus the THC and CBD extracts alone and in

conbi nat i on WY 2W9dH&%not her. As can be seen when the THETLAROCHIA e used in
conbination the cell viability is signi%¥icantly reduced in conparison to the
cell viability after treatnment with either THC or CBD al one. This data
suggests that the cannabi ngids THC and. CBD woul d be nore effective in the

treat ment of TEGMOLAE WHen Chskl® i HghditiatFoas tEXaAA™E $e1FRe"8fFfect of a

conbi nati on ekadheand OBPiatsi avhidingcaneeeneedd i Gi-oWrhel nayi vo. This
experinment tested whether the conbination of TED and CBD extracts were al so

ef fective i n®VFVaEP MR CU8 7V RS aSH5cCorE2ERF F Pt & %erbbr aFted to nude

m ce and the test conpounds were injected peritunourally at a concentration of
15 ng/ kg per day. Results: Table 2: Tunour volune relative to zero tine
fol | owi ng 15RedaysSof treatnent  Tunour vol ume

Table 1: Cell viability of human U87 MG astrocytoma cells

in culture

IC50 puM IC50 pM IC50 pM
(pure (cannabis plant (equivalent of
cannabinoids) extract) pure in

cannabis plant

extract)
THC 0.37 0.04 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.



12 Vehicle 9.2 0.6 PureTl-IC 5.1 +0.4 THC extract 6.6

WO 2009/147439 PCT/GB2009/050621
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The methods used were as described in Example 1 above.

Results:

Figure 1 details a bar chart describing the cell
viability of human U87 MG astrocytoma cells versus the
THC and CBD extracts alone and in combination with one

another.

As can be seen when the THC and CBD are used in
combination the cell viability is significantly reduced
in comparison to the cell viability after treatment with

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 CRBRD at

inhibiting cancer cell growth in vivo.

This experiment tested whether the combination of THC and

CBD extracts were also effective in vivo.

Human U87 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




0.3 THC:. CBD(1: 1) extract 4.8 0.3 As can be observed in Table 2 above the
tumour volune after treatnment with the 1:1 conbi nation of THC and CBD extracts
is significakPPPXd4id¥rior to the treatnent with either tP¢&/GIQON or the THC
extract alone. This data suggests that!the cannabinoids THC and CBD woul d be

nore effect{venid¢nd he treatnment of tunougsy whencused 1n conbl nati1 on. Exanple
4: Effect of_cannabinoid concentration jon cell viability in two different
cel |l lines.|The®atiGon of THC, CBD, and| & 41:%1 %4tio nmix of THC and [CBD were
studi ed at (rfferemgoncentrati ons on g0 celd_ a1 nes: U87MG and 198G  The
cell viabil|[ty data is illustrated in Fjgs 2a and 2b. Referring to Fig 2a it
wi |l be seepnTihatBh nef:flecerkveatt sub- opt | et ddses of THC and CBD at| 0. 1ug/ nl
and 0. 25ug/ mt—(greater—than90% cett—viabitity)jgave way to a statistically

significant decrease in cell viability in conbination (SAT), which data showed
a dose depen#lantar dlcatobershiep wht el lncrleabede cone entircatd o lgeeat er

cytotoxicity al,0.25ug/mf). ., $Lm «}@%.f; Syl b8 Wer oﬁbé]@iﬂ@dawgt Bpgel 1 line T98G
(an alternative hunman S\lomacel ine) as is shown in Fig 2b.
extracts is significantly superior to the treatment with

either the pure THC or the THC extract alone.
This data 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: U87MG 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.



13 Exanpl e 5: Investigation of mechanismof action. THC is known to induce
cell death using a signalling route involving the gene ATGL and pan-caspase.
The resul ts WP 2¥¥14dPest i gati on | ooki ng at 36 phosphor yIPAT{@R2(0%482Y i pi dat i on
and the effect of an ATGL and a pan-cagbase i nhibitor are shown in Figs 3a, 3b
and Sc respegekimely .5l tingantbgaseen I adchibgida dhaicdike . THC. CBD conbi nati on
(conmpare to control C: Tnhibits nlfORCL activity (as determ ned by the |evels
of 36 phosphorylation);and Pronpotes accunmul ation of the lipidated formLGOS (a
hal | mark of Taut ophagyh. tbi gndbcshans thatnsihkensi ngsitfre1essgntial aut ophagy
gene ATGL, with a selective (siATGLO) siRNA inhibitor reduces induced cel
death conpar 887§ k%ﬂq%¥lpﬁaﬁ§?e%?%ﬂ GhagdcBREFOISRAE: EPRal ly, Fig Sc shows

that cells treated W hnt hevpancapass i1RRikRLE0L: Zsd/AD al so prevent induced

cell death. 14 , o _
phosphorylation, LC3 lipidation and the effect of an ATGI1

and a pan-caspase inhibitor are shown in Figs 3a, 3b and

3c respectively.

It can be seen from Fig 3a that the THC:CBD combination
(compare to control C):
¢ Tnhibits mTORC1 activity (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 (siATG10) siRNA inhibitor reduces
induced cell death compared to cells transfected with a

control sicC.

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

capase inhibitor Z-VAD also prevent induced cell death.



CLAIMS 1. A conbination of the cannabi noids tetrahydrocannabi nol (THC) and
cannabidiol (CBD) in a ratio of frombetween 5:1 to 1:5 (THC. CBD)for use in
the treatnment of a brain tunmourwher®tn the brain tunmour is

agl i obl ast omapuwhigi forme (GBM. 2. A conbination of the cannabi noids

t et rahydr ocannabi nol (THC) and cannabidiol (CBD) as claimed in claiml1,
wherein the treatnent of the brain tunmour is to reduce cell viability, inhibit
cel | growth1or Aredbiatibrusione canabhineds t8trdydeoirmanblghHOof atdhe cannabi noi ds

t et rahydr ocannalj : : : b.di ! : l-ai jn.claiml or 2,
wherein the TH%Qgﬁgld%@@)é@?ﬂat'g%?gwggtgv% L%é’ﬁ%ifﬁ?glc?%%ée " A conbi nati on
of the cannabi ritsi tratroent pbihrdinceapwrabemril thg TRG)uae icannabi di ol (CBD) as
claimed in any gfoidRnnfaede9celi ms, wherein the cannabinoid content is in
the range of befween 5 andl100ng of the total cannabinoids present. 5. A

conmbi nati on of the cannabinoi ds tetrahydrocannabi nol (THC) and cannabi di ol
(CBD) as cl a:. meconibirafyn 6ffthd mnmiﬁﬂmbm@yetjoabmmble(mbnadme THC ?ndhCBD are
present as plant_extr as, pure ¢ unds, or .a_conpination of the two. 6.
A conbi nation &f"t @'@Q@@&ﬁ?ﬁ'@?’“ sde'? 8@%%\” re(r)%%ﬁﬁér i"]tr%elnnp?lezhl—fcﬂra'gnd cannabi di ol
(CBD) as cl ai mtindunisgb sgdwse celhwabdityninhipé cell @ntvthex redace tumepuin t he form of a

bot ani cal drug,sukstance. 7. A conbination of the cannabi noids

t et rahydr ocannabi nol (THC) and cannabidiol (CBD) as clained in any of the
precedi ng clains, wherein the one or nore cannabi noi ds are adm ni stered

separ at el y, ssequiivinatibyofiie Snftbih@deetsytrdcanrRpRan®Heind

cannabidiol (CBD) as claimed in claim 1 or 2, wherein the THC and CBD

are in a ratio of approximately 1:1.

4. A combination of the cannabinoids tetrahydrocannabinol (THC) and
cannabidiol (CBD) as claimed in any of the preceding claims, wherein the
cannabinoid content is in the range of between 5 and100mg of the total

cannabinoids present.

5. A combination of the cannabinoids tetrahydrocannabinol (THC) and

08 04 11

cannabidiol (CBD) as claimed in any of the preceding claims wherein the
THC and CBD are present as plant extracts, as pure compounds, or a

combination of the two.

6. A combination of the cannabinoids tetrahydrocannabinol (THC) and
cannabidiol (CBD) as claimed in claim5, wherein the plant extract is in the

form of a botanical drug substance.

7. A combination of the cannabinoids tetrahydrocannabinol (THC) and
cannabidiol (CBD) as claimed in any of the preceding claims, wherein the
one or more cannabinoids are administered separately, sequentially or

simultaneously to oneanother.





