1 CANNABI NO DS | N COvBI NATI ON W TH NON - CANNABI NO D CHEMOTHERAPEUTI C AGENTS
(E. G SERM OR ALKYLATI NG AGENTS) The present invention relates to the use of
one or nore WARHEBIAEI ds i n conbi nati on with a non- canndSiTr{di2e09/050620

chenot her apeuti c agent in the manufact dre of a medicanent for use in the

t r eaCARBINARINOLRS t: COMBINATION SNITHINONeCANNABINOID GHEMGEHERIAPEUTBICOAGENTS {BGur
more particularly a gliom, SBRM QRALUKYWAMNG ASENTS)a gl i obl astoma mul tifornme
(GBM and the preferred cannabi noids are tetrahydrocannabi nol (THO),

cannabi di ol (CBD) or a conbination thereof. BACKGROUND TO THE | NVENTI ON Cancer

a disease in_which a group of cells display the traits of uncontrolled growh.
This means t Rat RHELCE! LS VEROW AN th WASdE ChaYBNESE HE" 18\%elPS BPTRormal |imits.

The cells arg.ahsoiable tia kpvede.and, destraynsyreoundiingiti ssues. I n addition
cancer cells sonetines al so netastasize, neaning that they spread to other

| ocations i nc?%oﬁiﬁ:ﬁﬂﬁﬁuél?hég%?*boﬂ] g yRpRiafbste cdncersdaremeaused by

abnormal i tiegoin,dde genet iccppherd alr ofanthe cellsardihese abpernalities may be
due to the effects of carcinogens. O her cancer-pronoting genetic

abnormal i ti eSaR&EY b PandeRPySaAchti ¥ e atihr SUGRVEr rits® inRONAYLeplY cati on, or

are inherited, yand.4, h%rgr esept chinaly socqlllls fépmkpjgstt@maGenetl c abnormalities
found in cancer typically affect two general asses of genes.

Cancer - pr omofithigl ohieksy eives)) aﬁ@doﬁ%rpf@cfﬁr\mﬂeéaﬁl@lakém@s @&kl's, giving those

cell's new properii &Qﬁvoc%%ﬁgb§§obypﬁ]f@m i€ ngrout b apdkdi i, sibon, 2 protection
agai nst progranmne death, 1 0ss ‘of respect for normal tissue boundaries,

and the abil Frepbimrtherombesspabl i shed in diverse tissue environnments. Tunour
suppressor genes are often inactivated in cancer cells, resulting in the |oss
of normal functions in those cells, such as accurate DNA replication, control
over the cel PACKERENIpMOeAtat IBAEhNadhesi on within tissues, and interaction
with protective cells of the inmune system

Cancer a disease 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,



There are many different types of cancer and the cancer is usually classified
according to the type of tissue fromwhich it originated. Cancer is usually
treated by ONe2¥P14d#8e of the follomjng: surgery, chenotPG&3P0p%ef at i on
t her apy, i nmunot herapy and nonocl onal anti body therapy. The type of therapy
depends uponpthe-diicat izoniapd gragieanefed ket uavstn anddherstageeof the
di sease. Compl ete renoval of the cancer w thout damage to the rest of the body
is the goal OFF tP¥d et SSEENBETHER 19Hi’s 2E4nthe %Ekﬁﬁ%ﬂi??h@ﬁcﬁyesurgery, but
the propensityc &1 cancens Hovehvade adjicacant rbhssues or to spread to distant
sites by mcroscopic netastasis often limts its effectiveness. The
ef fecti veness of chenotherapy is often limted by toxicity to other tissues in
the body. Radiati®nGeakse ause damgechoiNgEmBlatddSsuecakansers are known
to affect many areas of the body with the nost common types of cancers
i ncl udi ng: cﬁ%éé&rcﬁeﬁq%§lﬁﬁlénd%%ﬁ,19§§n@§rn@Fm?hef%ﬂ%ﬁﬂﬁ%S,lEaHE%?eof t he bone,
cancer of thecbowels{dmnelsudi-pgrgancaia okptiheacobon and.cancer-ofnd he rectum,
cancer of the brain, cancer of the 3 breast, cancer of the neuroendocrine
system (conmBfly Kriohih &signeake?hoid) 2dbgréer BithHe [dePVrR; eaficer of the
eye, cancer ofihe 0esoRhaguUsyrocancefe ok itiheshead and.peck ttbhs group
i ncl udes carcinomas that start in the cells that formthe ['ining of the nouth,
nose, throat, ear or the surface |ayer covering the tongue), Kaposi's sarconm,
cancer of the,kidney. .cancarrpf the Jarynxs Leykaen a ganecgr of the liver,
cancer of the lung, cancér of the | ynph nodes, Hodgkin's |ynphoma,
non- Hodgki n' $s| ysiphoia claekahond, a¢rsotingl tondhe nyetomd, téarcer of the ovary,
cancer of the pangreas, .cancgt of.4he penis, cancer of the prostate, skin
cancer, soft tissue sarconas, cancer of the spinal cord, cancer of the
stomach, testicular cancer, cancer of the thyroid, cancer of the vagina,
cancer of the.yulya and,canget, ol I eeus, ALy Lhat devel ops in the
brain can destroy or damage brain cell's by producing inflanmation, conpressing
ot her parts 6flidwelrsr:aismroenductimgnadrcebral oedenwl (tbridiemaswel | i ng) and can
cause increa i n.intracrani r u 1.t hi h ull'). Each
year, approx?ﬁ%%% ;k%%g Sggp éngﬁﬁﬁﬁg'%RQgﬁgagiggﬁ%%)d aF%hgégﬁrain tunour. A
primary brai aftumowapyi slependssurrredthed lygathengrowdragle wdcoher ol | ed
proliferatio ells.i raign. i_gnant prinmary brain tunours are nost
likely to cagéﬁé%§6%F§$€%b§p§ ?égépﬁﬁy?%F%a?ﬁé normal brain tissue which
surrounds them and causi ng pressure and damage to the surrounding areas of the
brain. These {ympurs Jarely spread outside.the brain.do.of her parts of the
body. However, %econdéry Brarn tunours occur when cancer “cefTs ffom ot her
parts of theobodys Isugh iasthhegbangOrtrlereashtspseest nest heibrasm. 4 Surgery
is the treatgﬁnt 3pthnhof ghoice for many grain t uno rs.fSone nmay be
conpl etel y eXci $&d “Hut' "tho8é tHatare “deep or Pt WAt S nfh I°fr SEeBrai n tissue
may be debul keditadderadjhaant eyt 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



Radi ati on therapy and chenot herapy nay be recommended dependi ng on the type of
tunour involved. Giom cell tunours can often be lethal. The characteristic

di ffuse infiVoer¥PNYE3% umour growt h of gl i omas of t en makd&@ETHRIQGPYRal renoval
of theminpossible and this profoundly”conplicates the clinical nmanagenent of

t hese patienbseadd, allmastora oré tihdorgmdoEBMei Sydden nesthmeamyon and nost
aggressi ve t¥pe of primary brain tunour and accounts for 52 of all primry
brai n tunour *Ca¥e<aid 26% 8P Al 1 FHIHcPaniFaf teoufs CaBFffef&nt appr oaches

are being researehed damcerder t@eidayprectRe ARRtat idy that ecoh padients
di agnosed with a EI ioma. These include therapies that target the glioma cells
but | eave noffef EEHiSs SGRHEr MREL VR KIS PRRES| FiMit T97e tspPead®of the cancer

cells and treat rentisd Fatnbkaski 1hed wmwuhs hbfien susial nichgonel ecul es. One
such area of research involves the use of cannabinoids as anti-tunoural

agents. Cann&bf nof d*carertRecatty Ve COSEPPuehe stoto%anndBPrsspl ants and they

have been found-40, denppsetrakecunerous, phanpaeol pgicali praperties. 5 For
exanpl e EP1177790 (Guzman et al.) describes the treatnment of cerebral tunours

by the adm niStkafiion SRr&SRabtr @dle ol veynt ReRrer cahrdlsi roind; specifically THC.

It is clained,that @&tﬂh\éatl%ﬁaﬁhorﬁo&@&ciﬁ&d%kriﬁﬁgpmﬁdﬁhdn%@d%oko sel ective death
of the transfornmed cells. Recently the cannabi nold CBD has been shown to
possess anti Hedwpur'd preperti ede{VHSS, @esarhe2oow), "mMee ower k descri bed by

this paper desgedbess antd wpaoliferative effects,bothy i noyitro,esi ng U87 and
U373 human glioma cell lines and in-vivo using 087 human glioma cells

subcut aneouskye i mplient ednternedetn geosBiadehenk eal cPramacofogy 2000, vol 6,
p1807-1813 CQ@&E@%atdclE%m L ect 5.Of &ﬁarl@l%b'sB%Q?u%cg%d U‘@a@l%e%gggf CBD with the

estrogen receptor nodul ator Tanoxifen and conc 't hat t ects of the
cannabi noi dsswenacihpdestt igndat haanddrer €anasrnof stignitfiveant, i ateeaect i on bet ween

them and Tanpxi fen. lignant i omas are bighly infiltratiye and
proliferati \r/qe} t%nét:uvr%ﬁnv?gi g% ?%{:I ow aecﬁfgr a(%:lt grfxs%%dépatot elrtngof grow h. diona
cell s i nvadeutheuadj acent normal brain structures and surroundi ng | arge bl ood

vessel s.

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).

Each vyear, 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.



In addition the applicant's earlier patent EP1802274 descri bes the use of the
cannabi noid CBD to i npede the progress of cancer cells nigratin% fromtheir

primary tunmo¥? 2098d4t¥%n to a secondary site. The appli cE&'SB2EOHEMYI ng
application GB0810195.8, filed on 4 Jufte 2008, describes the use of a
conbi nati on of cannabinoids in the treatnment of cancer. 6 SUWARY OF

| NVENTI ON According to the present invention there is provided the use of one
or nore cannabfFoi¥s'S FCoMbEARTFON 4K "a hoRlehrhaindirdYchEfbY her apeut i ¢

agent in thecgaoufactdse ofyavaediganent of ekcusedj mitthenbiseataent of cancer.
Preferably the one or nore cannabi noids are selected fromthe group consisting
of : tetrahydfbtarifdbiHoltPeFHER L L Btk ‘CamTabid i of SHTBB)Y, QendSHElgﬁ%odinent a
single, or predem nardd Vesbpghe cannabinoid is used. The single cannabi noid
being either THC or CBD. Alternatively, and preferred, a conbination of
cannabi noi ds may be used. The conbi ned cannabi noids are preferably THC and

CBD. PreferahhyidhenlHeeand, CBR st nhaplahh @ 0 fdQmBghuwgen 20: 1 to 1: 20.

More preferably the THC and CBD are in the ratio of frombetween 5:1 to 1:5.
depending on the type of tumour involved.

Glioma cell tumours can often be lethal. The
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.



More preferably still, the THC and CBD are in the ratio of frombetween 2:1 to
1:2, nore approximately 1:1. Each cannabinoid is provided in a therapeutically
ef fect anour¥O2¢88d¥4#8anges for the THC and CBD may be d&CAGRZHEASWH3 ref erence
to the cannabinoid content which is préferably in the range of between 5 and

100ny of therof d:edna1cCamnabined dssuber ecaapl uradddniefs eaanabi noi ds are used
each may be used in an anount which woul d be considered sub-optinmal if it were

being used aFbret™H oie CEABOER heMt™THe H§ntE%nﬁ%ﬂﬁQﬁﬁﬁf%fﬁ@ﬁo?ﬁe?apeut|c agent

is a selectiyetesirogenyheaeptorcdamiidiatat, Sebectioe 1gstimogentregept or
nmodul ators are a class of nedicines that act upon the estrogen receptor. Their
action is di Ftereqft ﬁh?tvéFFéﬁét%@%éﬂé§pepﬁéﬁéb?eEﬁQﬁHQ%u}Q?ﬁé Bossibility to

sel ectively LahibitvOrgesthmikatge estdRg@Inkitkeeaction in various tissues.
Sel ective estrogen receptor nodul ators include: afinoxifene

(4- hydroxytanoxi fen); arzoxifene; bazedoxifene; clom fene; |asofoxifene;

or mel oxi f enepc o&Mel PXifeenannksl xid eng nhampxifem ol dopeastene and they are
used for a variety of nedical indications. Some sel ective estrogen receptor

nmodul at or s u3RE At uRBaPar t afentte sisacrtdel r o UG f-edée v¥arbxi fen or

torem fine. Jbeseiare Rreherrgdhdoradise ibast Bee presentsdayeption. In an
al ternative enbodi nent the non-cannabi noi d chenotherapeutic agent nmay be an

al kyl ati ng agéhtctakaalhkylrari Ago ageitd iUS$ 7aapgpe3 6 man gééphasti ¢ agent that
wor ks by 'ntgéfﬁrifﬁbs ﬁh@ QNAvkgoQHQHQP%%7O£uM@ﬂSglloma cells

subcutaneously implanted to nude mice.

Biochemical Pharmacology 2000, vol 6, pl807-1813 compared
the effects of cannabinoids including THC and CBD with
the estrogen receptor modulator Tamoxifen and concluded
that the effects of the cannabinoids were modest and that
there was no significant interaction between them and

Tamoxifen.

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.

The applicant’s co-pending application GB0810195.8, filed
on 4 June 2008, describes the use of a combination of

cannabinoids in the treatment of cancer.



Extra nol ecul es, called al kyl groups, are added to DNA, which causes it to
break apart as the cell tries to replace them Al kylating agents al so
interfere WiWO2(/d4M¥nds bet ween DNA strands, stopping tl%ér B3 %ebar at i ng,
8 which is a step required in DNA repl?cation. By repl aci ng bases (i nportant
conponents of DNA) al kyl ating agents al so create m smatchi ng, another way to
stop DNA being reproduced properly. Al these changes occur when a cell is
prepari ng tosg¥¥$ fﬁéﬁgvpﬁglg%rnanent darmage they cause results in cessation
of division and cell death. Preferably the al kylating agent is selected from

the group consisting of: al kyl sulfonates; busulfan; ethyleneimnes and
net hyl nel ani AeSerHekarret hrePaRfaret Aerétan ARST? nidtepa iRt Fogen must ards;

cycl ophosphantde; £ neehler ebhant 8¢ agiistiidRe i nUk abistd Miesn Whiaei b mustard;
mel phal an; chl oranbucil; ifosfam de; nitrosureas; carnustine; cisplatin;
strept ozoci NRORTTHZERESCLdeEAPBAZI TR PGt daZ BB RE r 8 i Hies Meard2f WDz ol oni de.

Al kyl ating agenf spdisiedir@s canbl- & 40U alhcageph smiMel ddeianeclspl atin,
tenozol ami de and carnustine and these are preferred in the practice of the
present invention. The cancer to be treated may be a brain tunour. Brain

tunours are psually,ig)l assi bhed, aceordingnte;ihheqd ocat iQnekehihe tymour and the
type of cell that the cancer has devel oped from For exanple different types

of brain tunbde Jreirudensacousdi el ndwtomaydaseroesiiord, ENS)Fyaphons,
ependynoma, haenangiQpl askeya, nedul | obl astona, meni ngi oma, glioma, n xed
glioma, oligodendroglionma, pineal region tunours and pituitary tunmours. 9

In one embodiment a single, or predominantly single

cannabinoid is used. The single cannabinoid being either

THC or CBD.

Alternatively, and preferred, a combination of

cannabinoids may be used.
The combined cannabinoids are preferably THC and CRD.

Preferably the THC and CBD are in the ratio of from
between 20:1 to 1:20.

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

More preferably still, the THC and CRBD are in the ratio

of from between 2:1 to 1:2, more 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



Giomas are tunours of the glial cells; these cells support and protect nerve
cells in the brain. Aiomas conprise nearly half of all primary brain tunours
and a fifth WP2WPM47838 nary spinal cord _tunours. The conBICHEB2NEP%HY of the
invention is particularly useful where’the brain tunour is a glionma tumour,
more particutardy @drebliast apn mkdtd fo00mR r6CBM . o Thesroneiabiaer gr€annabi noi ds
may be present as plant extracts, as pure conmpounds, or a conbination of the
two. A plant Ue8Xt ratd! i"eYderi Hed as” &1 XPPAEt "It Om P PI%ARE material as

descri bed bycbthe Quidance-betihadust iy Bet-anbeahg xdigs Rneduct s Draft Cui dance,
August 2000, US Departnent of Health and Human Services, Food and Drug

Adm ni stration Centre for Drug Evaluation and Research. Plant material is
defined as arpl & Oopliashepard (&-GarPabknoV@0ghel 83LSpe8EEHE, TO00tS,
flowers, fruits, seeds, berries or parts thereof) as well as exudates. More
preferably tReSPHtart eRCraetivs FH 19T 6EREBFOR Bt EMteal: drug substance. A
bot ani cal drug substance is defined as follows. Botanical drug substances

whi ch are derived from cannabis plants include prinmary extracts prepared by
such processeslastftr sekarpre, raerat oA LpepEdl &G on,cléxeraétion with
solvents suche@sc{ded @R akeohols (iR @stebhanoldee N | uihane (HFAL34a),
HFA227, 1iquid carbon di oxi de under pressure and extraction using a hot gas.
The primary extractl sy IBereurt hervudus édsbyes 10tsupdrceireneand or
subcritical extractdon, ¥aperi satd on And ¢hrenat ogr aphy.,1When sol vents such as
those |isted above are uséd the resultant extract may contain non-specific

| i pi d-sol ubl esweeesridlikeThicsieanibe’admmeedibyuas vari ety of processes

i ncluding winterisation, which Involves chilling to -20 C fol |l owed by
filtration to renove waxy ballast, extraction with |iquid carbon di oxide and
by distill at PehecBotamistalbIdnugestbistrancgs larers ormuliastesd i nt o Bot ani cal Drug
Product s whi ¢h. - defi ned..i i f nduystr.y Botanical Drug
Product s Dra%?l%gf?l aﬁl(:ee?qAngg{)Q%%}gu 3 'pgg%ér)r}ént oe;' Heal th and Human

Servi ces, FobdzahakiDrang :Addpni §t¢rat i lorscCentifend proiraigpxEvahaati on and Research
as: "A botanieal; RLadugl, Lhat.d soldt anded e, USe, A% Audnd; aRqadrug product
that is prepare rom a’botanical drug substance. e one or nore

cannabi noi dsthay de adwdnifster edasiepar atfelnpdisefuentialtiyner si mul t aneously to
t he noncannabi noid anti-tunoural agent.

Some selective estrogen receptor modulators used as anti-
tumoural agents include raloxifene, tamoxifen or
toremifine. These are preferred for use in the present

invention.

In an alternative embodiment the non-cannabinoid

chemotherapeutic agent may be an alkylating agent.

An alkylating agent is a type of anti-neoplastic agent

that works by interfering with DNA in a number of ways.

Extra molecules, called alkyl groups, are added to DNA,
which causes it to break apart as the cell tries to
replace them. Alkylating agents also interfere with the

bonds between DNA strands, stopping them from separating,



The one or nore cannabi noids may be presented together with the

non- cannabi noi d chenot herapeutic agent in the formof a kit together with or
wi t hout i nstWQetWdH438 o their use. Certain aspects of tFCI/GEVEARPIHh are
further described, by way of exanple oﬁly, with reference to the acconpanying
drawi ngs in whieh:is CBRtep acgonmbidatd omaofePHC anthCBR Regoapasidson to a
control; Figures 2a and 2b are bar charts showing in vivo cell viability data

g
at di ffer ent 2ot et GRS AR WS el 107 PHES, 2 O87MS (08 §92af5and 198G (Fig

2b); Figuresa8a, Sh-anrdmdenprevide datansuggestivesifp tove meehani smof action
of the conbination for UB7MG cells. Figure 4 1s a bar chart show ng the cel

vi abi | ity of TRRRRH 1987 PMePsstYocytoma cel s after treatnent with an exenplary
cannabi noid, THC, or a conbination of an exenplary cannabi noid THC and an
exenpl ary noncannabi noi d anti-tunour agent, tanoxifen in conparison to a
control ; and®H guteeS GhengepaPcearttShowicAg .t he R84 gbitPity of human 087

MG astrocyt ogg, &l | s:Rf ek brealment wrlhcannexerplar yrLannabipoid THC, or a
conbi nati on of an exenpl ary cannabi noid THC and an exenpl ary noncannabi noi d

anti-tunour agemticl Pl deivhsian coifparidoA®Béla control . SPECI FI C DESCRI PTI ON
The follow ng exanples 1 to 5 illustrate how one or nore cannabi noids are
effective in the treatnent of cancer cells both in vitro and in vivo. Exanple
6 goes on toPdehordtinattés askndeal g mglc@tcafnabi st ffgrem Ithastrati ve

purposes, how,the comMinati;onsof,one of1rRngLcannabinagids with a non-
ethyleneimines and methylmelamines; hexamethymelamine;
altretamine; thiotepa; nitrogen mustards;
cyclophosphamide; mechlorethamine; mustine; uramustine;
uracil mustard; melphalan; chlorambucil; ifosfamide;
nitrosureas; carmustine; cisplatin; streptozocin;
triazenes; decarbazine; imidazotetrazines; and

temozolomide.

Alkylating agents used as anti-tumoural agents include:
cisplatin, temozolamide and carmustine and these are

preferred in the practice of the present invention.
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.

For example different types of brain tumour include:
acoustic neuroma, astrocytoma, CNS lymphoma, ependymoma,
haemangioblastoma, medulloblastoma, meningioma, glioma,
mixed glioma, oligodendroglioma, pineal region tumours

and pituitary tumours.



12 cannabi noid anti-tunoural agent nay be better than the use of t
non- cannabi noi d anti-tunoural agent alone. Exanple 1. The effect of TI-TO and
CBD at i nhi BYO2MWg1¥4¥cer cell growth in vitro. TetrahydCOERHAF®HA (THC) and
cannabidiol (CBD) in the form of cannabi s pl ant extracts were dissolved in
ethanol to a concentration of 100mMthis was stored at -20C until
Before use the cannabis plant extracts were further diluted to the desired
concent r at i oAl 1 ¥sUrdTTg RAETE het cotfc &t fat Fent ot dtdvindelnds bel ow 0. 001%
UB7 human gl keppoceldrs webeedsese iy augheutnt Bhs xperi meAbmadhe cells were
mai ntained at 37Cin a humdified atnosphere with 5% CO2 and 95%air. Cells
were cul t ur e8°TRE 57567 Leul e bf 0 F | 3k BrATPGY bRES " SCWIBEIEFi 889FEagl e Medi um

(DVEM), whi chi had deen isypphepeniedhad th Amikoghat amine, 100 units/n _
100 nmg/ M streptomycin, 1% sodi um pyruvate, 1% non-essential am no

penicillin,

aci ds and 10% heat -i nacti vat ed fetal _ _ _
Ug7 MG aStfO@MéQHﬁwﬁﬁkkﬁt%@&§p§xé¥nﬂH%jﬁ%ﬁe%%&bﬁu§sq§ﬂﬂﬁQh@9k

he

required.

s/ m

bovi ne serum The viability of the human
concentrations.

d
The TUC and CBD extracts were conpared agai nst pure THC and CED. Resul ts:
Table 1: Cel Pseiabiviasp éfRenbiah? 1LUPPIMSSasdt F ey o8 s™O°FA cul ture 13

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.

A botanical drug substance is defined as follows.
Botanical drug substances which are derived from cannabis
plants include primary extracts prepared by such
processes as for example, maceration, percolation,
extraction with solvents such as Cl to C5 alcohols (e.g.
ethanol), Norflurane (HFAl1l34a), HFA227, liguid carbon
dioxide under pressure and extraction using a hot gas.

The primary extract may be further purified by



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 CBD
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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 the non-

cannabinoid anti-tumoural agent.

The one or more cannabinoids may be presented together
with the non-cannabinoid chemotherapeutic agent in the
form of a kit together with or without instructions to

their use.

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

accompanying drawings in which:

Figure 1 is a bar chart showing the cell viability of

human U87 MG astrocytoma cells after treatment with THC,



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 re conpounds,
when t he and¥Pe08f47¢E8nnabi noid in the extract is adjustéﬁ“ﬂgnﬂﬁmgﬁﬂlvalent
anount of pure conpound. This shows th¥t THC and CBD and their extracts are

effective incenhibid iovgpghbenman cet [ Trgr ewshceExanpd @nziriEhe ebfect of a

conbi nation of THC and CBD extracts at inhibiting cancer cell growh in vitro.
This experi nBnttt@st ed whet her a conbination of THC and CBD extracts were as
effective at inhibiting cell growth as the extracts alone. The methods used

were as described in Exanple 1 above. Results: Figure 1 details a bar chart
descri bi ng t hed'¢etd 4A éﬁﬁl??yaﬁ$ R ous 7 ﬁﬁ?%%@?o%&f%ﬁ%@ €8lfs versus the THC

and CBD extracts: aligneiaandaingcondidiat iconcwhthaonenanot heb. ce14
lines, U87MG (Fig 2a) and T98G (Fig 2b);

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

mechanism of action of the combination for U87MG cells.

Figure 4 is a bar chart showing the cell viability of
human U87 MG astrocytoma cells after treatment with an
exemplary cannabinoid, THC, or a combination of an
exemplary cannabinoid THC and an exemplary non-
cannabinoid anti-tumour agent, tamoxifen in comparison to

a control; and

Figure 5 is a bar chart showing the cell viability of
human U87 MG astrocytoma cells after treatment with an
exemplary cannabinoid THC, or a combination of an
exemplary cannabinoid THC and an exemplary non-
cannabinoid anti-tumour agent, cisplatin in comparison to

a control.
SPECIFIC DESCRIPTION

The following examples 1 to 5 illustrate how one or more
cannabinoids are effective in the treatment of cancer

cells both in vitro and in vivo.

Example 6 goes on to demonstrate, using a single
cannabinoid for illustrative purposes, how the

combination of one or more cannabinoids with a non-



As can be seen when the THC and CBD are used in conbination the cell viability
is significantly reduced in conparison to the cell viability after treatnent
with either WRYSH47EBD al one. This data suggests that tFETECRHABI%Y ds THC and
CBD woul d be nore effective in the tre®t nent of tunours when used in

combi nat i on. cExaaml e i3l ahhe-ehhegtaofag@neonbi nas i fr THenapde CBD at
inhibiting cancer _cell growth in vivo. This experjnment tested whether the
conbi nati on BFSTE tatd "EBDCEREFatt & e L1al e80T ectISE PRC¥Fvo. Human US7 MG
astrocytoma cells were xenografted to nude mce and the test conpounds were
injected peritunoural l 3& at a concentration of 15 ng/k per day Resul ts: Table
2: Tumour vo £6fset 4 i £ar 5@Png a2

Tumour vol unBeVehi €8 h 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.

The viability of the human U87 MG astrocytoma cells were
examined at various cannabinoid concentrations. The THC
and CBD extracts were compared against pure THC and CBD.

Results:

Table 1: Cell viability of human U87 MG astrocytoma cells

in culture



9.2 +0.6 Pure THC 5.1 0.4 THC extract 6.6 0.3 THC: CBD(1: 1)
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IC50 uM IC50 uM IC50 uM
(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.

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.



extract 4.8 +0.3 As can be observed in Table 2 above the tunour volune after
treatnment with the 1:1 conbination of THC and CBD extracts is significantly
superior to WR'WH¥4Ihent with either the pure THC or tRETHEQELRHEt al one.
15 This data suggests that the cannabi loids THC and CBE woul d be nore
effective inathead neatsent waknt tndurs: whencesedré nugemMinnat i on. Exanpl e 4:

Ef fect of cannabinoid concentration on cell viability in two different cel
lines. The SETPUIPOFPITIHES €BD. Wit 'd 11¥1 1Fafi 8" hi 3Bt THESGHESEBD wer e
studied at diffes@nriconcent tati @S on w0 i€l hrtdnesicWaEME andr 198G The
cell viability data is illustrated in Figs 2a and 2b. Referring to Fig 2a it
will be seen®thatr iTéf PectPYedto%ub- opti mal doses of THC and CBD at 0. lug/ ni
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 depenfant ¢&1atSUGASAFP Wrth Glifcceasedeontenttaritén Cegr eat er
cytotoxicityyah1®. BZou@/ il b s rShMdar; f esul tscuenenobiaihedwst hneel | 1ine TI8G

(an alternative human glioma cell line) as is showm in Fig 2b.
used 1n combination.

Example 3: The effect of a combination of THC and CRBD 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
Vehicle 9.2 £ 0.6
Pure THC 5.1 £ 0.4
THC extract 6.6 £ 0.3
THC:CBD (1l:1) extract 4.8 £ 0.3

As can be observed in Table 2 above the tumour volume
after treatment with the 1:1 combination of THC and CBD
extracts is significantly superior to the treatment with

either the pure THC or the THC extract alone.



Exanmpl e 5: Investigation of nechanismof action. TEICis known to induce cell
death using a signalling route involving the gene ATGL and pan-caspase. The
results of aKOPMWEEHI8gati on | ooki ng at 56 phosphoryl ati &&T/GE2Y05(8¢Hat i on and
the effect of an ATGL and a pan-caspasb5 i nhibitor are shown in Figs 3a, 3b and
Sc respectively. 16 It can be seen fromFig 3a that t he THC. CBD conbi nati on
(conmpare to control : Inhibits mlfORCL activity (as determ ned by the |evels
of 56 phosph&ryf a‘%qtc%)sué*ﬁBStPrB%ﬁ A CeanaPat P ot of'G kY FpPdat ed form LC3 (a
hai | mark of yaut@phagre Eirgedbi shows trhat rshteaet ngr thacessenhéal aut ophagy
gene ATGL, with a selective (siATGLO) siRNA inhibitor reduces induced cell

deat h corrparléﬂe‘flo”bélq“@lpﬁéhg?ect ed with a control siC Finally, Fig 3c shows
that cells treated with the pancapase inhibitor Z-VAD al so prevent induced
cel | death. Exanple 6: The effect of an exerrpl ary cannabi noi d extract in

conbi nati on AEEAPE ?CRoAL cCEHHENIAGEE ARiEAD 2§eAtSlat i nhibiting
cancer cell gromthidn lDV|ttA,50dl§bé§ere@<Q%rlllrr@rjgegested whet her a

cannabi noi d-contai ni ng nedicine m ght be useful in conbination with

noncannabi noi d anti-tunoural agents.

The action of THC, CBD, and a 1l: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.

Example 5: Investigation of mechanism of action.

THC is known to induce cell death using a signalling
route involving the gene ATGl and pan-caspase. The
results of an investigation looking at S6
phosphorylation, LC3 lipidation and the effect of an ATGI1
and a pan-caspase inhibitor are shown in Figs 3a, 3b and

3c respectively.



Cell viability assays were perfornmed as described in Exanple 1 above. Results:
Figures 4 and 5 detail bar charts which illustrate the cell viability of human
U67 MG astr d¥Q2WHRYE | s when treated with either THC, &¢TERAPIOOHEYUral agent
or a combination of the two versus a clhtrol. 17 As can be seen fromthese
figures bothrexemplas weant iftofous @l 3agents chbatnwer® tesbedatt anoxi fen and
cisplatin, were nore effici ent at reducing cell viability when used in

conbi nati on WERPHT éxXerplar§! cahnabi noi d, THC. It woul d be readily apparent
from Exampl es 1 (gupdinal psbftl afcbenel) t%sweekgrm@%c%g with CBD and a
combi nation of THC and CBD. The conbination of Exanples’l to 6 denonstrate

t hat t he conbi natiomelsf Oéné%%m@@d@ﬁal@phom@ wi t h a noncannabi noi d

anti -t unour al r duces a re. ben i a f ect an se of the
non- cannabi noig ;Iglfcp er?oﬁFSng?atlo il One. e g LN Ve #e c%ﬁga fnci d

t et rahydr ocannabiaoll (mEHW) ofnamh@pkfaljyn.of a cannabis plant extract in

conbi nation with a non-cannahi ncid chenot herapeuti c agent selected fromthe
group consisting of an al kylating agent for use in the treatnent of a brain
tumour. The esagnabidroiwd teteabykocamnabieneksédHR 1 iquddpeator gendéd a cannabi s
pl ant ATGl, with a selective (gsiATG10) 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.

Example 6: The effect of an exemplary cannabinoid extract

in combination with exemplary non-cannabinoid anti-

tumoural agents at inhibiting cancer cell growth in

vitro.

This experiment tested whether a cannabinoid-containing
medicine might be useful in combination with non-

cannabinoid anti-tumoural agents.

Cell viability assays were performed as described in

Example 1 above.

Results:

Figures 4 and 5 detail bar charts which illustrate the
cell viability of human U87 MG astrocytoma cells when
treated with either THC, an anti-tumoural agent or a

combination of the two versus a control.



extract in conb nation with a nontannabi nol d chenot herapeutic agent as clai ned
inclaiml, which further conprises the cannabiroid oanhabidiol (DBD) in the
formof a plVaARRMHEct . The cannabi noi d tetral u> ocanndSTHA20PPPE i n t he
form of a cannabis plant extract in cohbination with a nontannabincid

chenot her apenti ardgentseas ar-pRdchdsc|@igret Dol @tdhpd.aryhenein the al kyl atina
agent is ci SEl atin. The cannabinoid tetrahydrocannabinoi (THC) in the form of
cannabi s pl aht™exttactdS i ScbibF n‘%’ﬁﬁeoﬁevﬁtﬁﬁl a“ABr it t4h 7851 noi d' chenot her apeut i ¢

agent as cl atieghdiy B0t hbeepseceding ekaiasucwnereiin theptreayment of the
brain tunmour |a to reduce cell viability, inhibit cell grovvth or reduce tunour
vol une. The ERfmabisbild F@PP&H?H%%M@HOPX?WW FaRePrBPhfof a cannabis

plant extractptn conkinat ben-vhdm @ fHRreannabbhoidghenptherapeutic agent as
darned in claim?2, wherein the 11-1D and CBD are in the ratio of between 5;1

to 1:5. The E]é%?la%lr@lﬂ@lrcPeflétf%’é%y‘ﬂ?ﬁéﬂaﬂ%?aﬁﬁﬁﬁt%q'ﬂ@th tEhélflofm of a cannabis
pl ant extractqohmi.cominatdi eacwitd @&mon- cannabi noi d chenot herapeutic agent as
irned. in claim2, wherein the TFID and eBn are in the ratio of approxinmtely
The can. | tratrahydr ocannabi nol (T110):'" the form of a cannabis plant

extract conbi pati o h sanngrTanabincid c,chenphheranaut i-g ragept as
combination of one or more cannabinoids with a non-
cannabinoid anti-tumoural drug produces a more beneficial
effect than the use of the non-cannabinoid anti-tumoural

drug alone.



19 clained in any of the preceding -clains, wherein the cannabi noici content
in the range of between 5 and 100ngy of the total oannabi noids present, 8, The
cannabi noi d tetrahydrocannahi nol (THC thg the formof a cannabis plant extract
in conbination with a non-cannabi nokt chénotherapeutic agent as clainmed in any
of the preceding clainms, wherein the brain tunmour is a O athe tunmour, 9The
cannabi noi e tetrahydrocannabinol (THC) in the formof a cannabis pi/ant

extract in conbination with a non-cannabi noi d chenot herapeuti c agent as
claimed in ckhf¥S8 wherein the Ccilla tunmourie a glioblastoma nultiforme
(C3f3M, 10The cannabl n0| d tet rahydr ocanhabi nol (THO) tn tha form of a cannabis
pl ant extrac a X oi d chenot eutic agent as
clainmed in aﬁuy ?1%3”5? é@é‘@?‘ﬁ“&%‘Paﬁ”ﬁ%’”@ﬂnﬁéi”ﬁQ@ ‘!ﬂé“ Bl %‘Et isin the
forma a botani cabY%GsFMQc@nﬂygxi laneiéh & Fheaosaviabi chehdhdretauahyainoeanidbi ncl  ( THC)
in the formof a ﬁafn%@r&p%@g&m&&tm@tsasg@ &9&% &t i n‘?i%tmatnl?erf of}PN- cannabi noi d
chenot her apeuti c ggent as clained in any of the precedin,g clains, wherein the
cannabi s pl ant exPPR™FE adni ni stered separ at ely, sequentially or

si mul t aneously 10 the nontarmabi ncid anti- tunoural agent.

2 The cannabinoid tetrabydrocannabinol {THCY in the form of a cannabis plant
gxtract in combination with a non-cannabineid chemotherapeutic agent gs
clalmed in claim 1, which further comprises the cannhabinoid cannabidiol {CBD)
in the form of a plant exfract.

2N

The cannabinoid tetrahydrocannabinel (THC) in the form of a cannabis plant
axtract in combination with & non-cannabineid chematherapeutic agent as
ciaimed in claim 1 or claim 2, wherein the alkylating agent is cispiatin.

4, The cannabinoid tetrahydrocannabino! {THQ) in the form of & cannabis plant
extract in combination with anon-cannabinoid chemolharapeutic agent as
claimed in any of the preceding claims, wherein the treatment of the braln tumour
Is 10 reduce ol vigbility, inhibs! cell growth or reduce tumour volume.

0310 11

The cannabinoid tetrahydrocannabine! {THCY in the form of a cannabis plant

8

axtract in combination with a non-cannabinoid chemotherapeutic agant as
claimed in claim 2, wharein the THO and UBD arg in the ratip of between &1 1o
1.8,

The cannabinoid tetrahydrocannabinol (THCY inthe form of a cannabis plant

o

extract in combination with a non-cannabinoid chemotherapsutic agent as
claimed in claim 2, wharein the THC and CBD are in the ralio of approximately
RN

=

The cannabinoid tefrahydrocannabinet (THCY in the form of a cannabis plant
extract in combination with a non-vannabinoid chemstherapetdic agent as



0310 11
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claimed in any of the precading claims, wherein the cannabinoid content is in the

range of belween 5 and 100mg of the total cannabinoids present,

The cannabinold tetrahydrocannabinof (THC} in the form of a cannabis plant
extract in combination with a hon-cannabinold chemotherapsutic agent as
claimed iy any of the preceding clalims, wherain the brain tumour is 3 glioma

fuimour,

The cannabinold tetrahydrocannabine! (THC) in the form of & cannabis plant
extract in combination with & non-cannabinoid chematherapeutic agent as
clatmed in claim 8 whareln the glioma turour is 2 glicklastoma multiforme
(GBM).

Tha cannabsinoid tefrahydrocannabine! {THC) in the form of a cannabis plant
axtract in combination with a non-cannabincid chemotherapsutic agant as
claimed in any of the preceding claims, whersin the plant extract is in the form of
a botanical drug substance,

The cannabinold tetrahydrocannabinol {THC) in the form of a cannabis plant

extract in combination with a non-cannakinoid chemotherapeutic agent as

claimed in any of the preceding claims, whereln the cannabis plant exiractis
administered separately, sequentially or simultaneously to the non-cannabinold

anti-tumotiral agent.





