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(57) ABSTRACT

The present invention relates to an active pharmaceutical
ingredient (API) which comprises or consists essentially of
cannabidiol (CBD) and one other cannabinoid selected from
cannabigerol (CBG), cannabigerolic acid (CBGA), canna-
bidiolic acid (CBDA), and tetrahydrocannabivarin (THCV)
for use as a medicament, and more particularly, for use in the
treatment of cancer. These combinations have shown them-
selves to be synergistic in treating one or more of: breast
cancer; liver cancer; lung cancer; pancreatic cancer; mela-
noma; ovarian cancer; gastric cancer; renal cancer or bladder
cancer. Two particularly favored API combinations are:
cannabidiol (CBD) and cannabigerol (CBG); and cannabid-
iolic (CBD) and tetrahydrocannabivarin (THCV).
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ACTIVE PHARMACEUTICAL INGREDIENT
(API) COMPRISING CANNABINOIDS FOR
USE IN THE TREATMENT OF CANCER

[0001] The present invention relates to an active pharma-
ceutical ingredient (API) which comprises or consists essen-
tially of cannabidiol (CBD) and one other cannabinoid
selected from cannabigerol (CBG), cannabigerolic acid
(CBGA), cannabidiolic acid (CBDA), and tetrahydrocan-
nabivarin (THCV) for use as a medicament, and more
particularly, for use in the treatment of cancer.

[0002] These combinations have shown themselves to be
synergistic in treating one or more of: breast cancer; liver
cancer; lung cancer; pancreatic cancer; melanoma; ovarian
cancer; gastric cancer; renal cancer or bladder cancer.

[0003] Two particularly favored API combinations are:
cannabidiol (CBD) and cannabigerol (CBG); and cannabid-
iolic (CBD) and tetrahydrocannabivarin (THCV).

BACKGROUND TO THE INVENTION

[0004] Cancer is a class of diseases which occur because
cells become immortalised; they fail to heed customary
signals to turn off growth which is a normal function of
remodelling in the body that requires cells to die on cue.
Apoptosis, or programmed cell death, can become defective
and when this happens malignant transformation can take
place. The immortalised cells grow beyond their normal
limits and invade adjacent tissues. The malignant cells may
also metastasise and spread to other locations in the body via
the bloodstream or lymphatic system. Cancer cells often
form a mass known as a tumour.

[0005] There are about 200 different types of cancer; the
cancers can start in any type of body tissue although many
cancers will metastasise into other body tissues. There are
many different causes of cancer and these include; carcino-
gens, age, genetic mutations, immune system problems, diet,
weight, lifestyle, environmental factors such as pollutants,
some viruses, for example, the human papilloma virus
(HPV) is implicated in cervical cancer.

[0006] There are many different treatment options for
cancer and the treatment sought is often determined by the
type and stage of the cancer. Treatment options include;
chemotherapeutic drug treatment, hormonal drug treatment,
radiotherapy, surgery, complementary therapies and combi-
nations thereof.

[0007] Cannabis has been ascribed to be both a carcinogen
and anti-cancer agent. In particular smoking cannabis is
known to be carcinogenic as the carrabis smoke contains at
least 50 different known carcinogenic compounds, many of
which are the same substances found in smoked tobacco.
One of these carcinogens, benzopyrene is known to cause
cancer as it alters a gene called p53, which is a tumour
suppressor gene.

[0008] Researchers have discovered that some cannabi-
noids, including tetrahydrocannabinol (THC) and canna-
bidiol (CBD) are able to promote the re-emergence of
apoptosis so that some tumours will heed the signals, stop
dividing, and die. The process of apoptosis is judged by
observation of several phenomena including: reduced cel-
Iular volume, condensation of nuclear chromatin, changes in
distribution of phospholipids in plasma membrane phospho-
lipids, and cleavage of chromatin into DNA fragments called
DNA ladders.
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[0009] Another method by which tumours grow is by
ensuring that they are nourished: they send out signals to
promote angiogenesis, the growth of new blood vessels.
Cannabinoids may turn off these signals as well.

[0010] Cannabinoids have been shown to have an anti-
proliferative effect on different cancer cell lines. The can-
nabinoids THC, tetrahydrocannabinol acid (THCA), CBD,
cannabidiolic acid (CBDA), cannabigerol (CBG) and can-
nabichromene (CBC) and the cannabinoid extracts enriched
in either THC or CBD were tested on eight different cell
lines in Ligresti et al., (2006). The lines used in this study
were: DU-145 (hormone-insensitive prostate cancer),
MDA-MB-231 and MCF-7 (breast cancer), CaCo-2 (col-
orectal cancer), L.iMol (thyroid cancer), RBL-2H3 (leukae-
mia), AGS (gastric cancer) and C6 (glioma cells).

[0011] The data for each cannabinoid in each different
type of cancer varied but generally the best data were
observed with CBD or the cannabis extract enriched in
CBD.

[0012] The IC50 values varied widely between the differ-
ent cannabinoids and the different cell lines; however the
authors determined that the cannabinoid CBD was the most
effective in the breast cancer cell lines.

[0013] Several patent applications describe the use of
cannabinoids in the treatment of brain tumours, for example
WO 2009/147439 describes a combination of THC and
CBD in the treatment of glioma, WO 2009/147438 describes
the use of THC and CBD in combination with non-cannabi-
noid chemotherapeutic agents in the treatment of glioma and
WO 2011/110866 describes the use of THC and CBD with
temozolamide in the treatment of glioma.

[0014] The patent EP1,802,274 describes the use of the
cannabinoid CBD in the inhibition of tumour cell migration.
[0015] A later study ascribed a mechanism to this, by
demonstrating that CBD is able to able to down-regulate the
expression of the DNA binding protein inhibitor, Id-1 in
human breast cancer cells (McAllister, 2007). The CBD
concentrations effective at inhibiting Id-1 expression corre-
lated with those used to inhibit the proliferative and invasive
phenotype of breast cancer cells. CBD was able to inhibit
1d-1 expression at the mRNA and protein level in a concen-
tration-dependent fashion.

[0016] CBD has also been shown to inhibit human cancer
cell proliferation and invasion through differential modula-
tion of the ERK and ROS pathways, and that sustained
activation of the ERK pathway leads to down-regulation of
Id-1 expression. It was also demonstrated that CBD up-
regulates the pro-differentiation agent, Id-2. Using a mouse
4T1 cell line and a model of metastatic breast cancer, CBD
significantly reduced metastatic spread. As such CBD may
represent a promising treatment of breast cancer in patients
with secondary tumours (McAllister, 2007).

[0017] The patent application GB2494461 describes the
use of the cannabinoids CBG, CBDV and THCV in the
treatment of U87 glioma cells.

[0018] Choi et al. (2008) describes the efficacy of CBD in
a number of cell lines and that the cytotoxicity of CBD
increased in a dose and time dependant manner. Furthermore
Baek et al. (1996) suggests that CBG exerts an anti-tumour
activity against melanoma cells in a mouse model.

[0019] It is an object of the present invention to find
improved and/or alternative cancer therapies. To this end a
platform of data representing the use of an API comprising
or consisting essentially of a combination of cannabidiol
with another cannabinoid selected from cannabigerol
(CBG), cannabigerolic acid (CBGA), cannabidiolic acid
(CBDA), and tetrahydrocannabivarin (THCV) in various
cancer cell lines.
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DEFINITIONS AND ABBREVIATIONS

[0020] Definitions of some of the terms used to describe
the invention are detailed below:

[0021] The phytocannabinoids described in the present
application are listed below along with their standard abbre-
viations.
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[0022] The table above is not exhaustive and merely
details the cannabinoids which are identified in the present
application for reference. So far over 60 different cannabi-
noids have been identified and these cannabinoids can be
split into different groups as follows: Phytocannabinoids;
Endocannabinoids and Synthetic cannabinoids (which may

CBD Cannabidiol

CBDA  Cannabidiolic acid

CBG Cannabigerol OH
x
)]
0}
H
CBGA  Cannabigerolic acid OH (€]
AN
)]
O
H

THC Tetrahydrocannabinol

THCV  Tetrahydrocannabivarin

OH
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be novel cannabinoids or synthetically produced phytocan-
nabinoids or endocannabinoids).

[0023] “Phytocannabinoids” are cannabinoids that origi-
nate from nature and can be found in the cannabis plant. The
phytocannabinoids can be isolated from plants to produce a
highly purified extract or can be reproduced synthetically.
[0024] “Highly purified cannabinoids™ are defined as can-
nabinoids that have been extracted from the cannabis plant
and purified to the extent that other (non-required) cannabi-
noids and non-cannabinoid components that are co-ex-
tracted with the cannabinoids have been removed, such that
the highly purified cannabinoid or cannabinoids is/are
greater than or equal to 98% (w/w) pure. In the case of an
API comprising a combination of two cannabinoids the two
comprise greater than or equal to 98% (w/w) of the total
weight.

[0025] “Synthetic cannabinoids™ are compounds that have
a cannabinoid or cannabinoid-like structure and are manu-
factured using chemical means rather than by the plant.
[0026] Phytocannabinoids can be obtained as either the
neutral (decarboxylated form) or the carboxylic acid form
depending on the method used to extract the cannabinoids.
For example it is known that heating the carboxylic acid
form will cause most of the carboxylic acid form to decar-
boxylate into the neutral form.

[0027] “Active Pharmaceutical Ingredient” (API) is
defined by the FDA as “any substance or mixture of sub-
stances intended to be used in the manufacture of a drug
product and that, when used in the production of a drug,
becomes an active ingredient in the drug product. Such
substances are intended to furnish pharmacological activity
or other direct effect in the diagnosis, cure, mitigation,
treatment or prevention of disease or to affect the structure
and function of the body.” As such a synergistic combination
falls under the definition of an API.

[0028] The term “comprising” refers to the specified can-
nabinoids being present in the API at greater than 95%
(Wiw).

[0029] The term “consisting essentially of” refers to the
specified cannabinoids being present in the API at greater
than 98% (w/w).

BRIEF SUMMARY OF THE DISCLOSURE

[0030] In accordance with a first aspect of the present
invention there is provided an active pharmaceutical ingre-
dient (API) comprising or consisting essentially of canna-
bidiol (CBD) and another cannabinoid (CB) selected from
the group consisting of cannabigerol (CBG), cannabigerolic
acid (CBGA), cannabidiolic acid (CBDA) and tetrahydro-
cannabivarin (THCV) for use as a medicament.

[0031] In one embodiment the API comprises or consists
essentially of cannabidiol (CBD) and cannabigerol (CBG).
[0032] In a second embodiment the API comprises or
consists essentially of cannabidiol (CBD) and cannab-
igerolic acid (CBGA).

[0033] In a third embodiment the API comprises or con-
sists essentially of cannabidiol (CBD) and cannabidiolic
acid (CBDA) for use as a medicament.

[0034] In a fourth embodiment the API comprises or
consists essentially of cannabidiol (CBD) and tetrahydro-
cannabivarin (THCV) for use as a medicament.

[0035] Preferably the API is for use in the treatment of
cancet.
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[0036] More preferably the cancer is one or more of:
breast cancer; liver cancer; lung cancer; pancreatic cancer;
melanoma; ovarian cancer; gastric cancer; renal cancer or
bladder cancer.

[0037] Preferably the CBD and another cannabinoid are
present in a ratio of from 7.5:1 to 1:7.5 (CBD:CB); through
7.5:1 to 2.5:1 (CBD:CB); through 5:1 to 2.5:1 (CBD:CB);
through 2:1 to 1:2 (CBD:CB) to a ratio of 1:1 (CBD:CB).
[0038] In a further embodiment the cancer is breast cancer
and the API is selected from the group consisting of CBD
and CBG, CBD and CBDA, CBD and THCV, and CBD and
CBGA.

[0039] In a further embodiment the cancer is lung cancer
and the API is selected from the group consisting of CBD
and CBG, CBD and CBDA, CBD and THCV, and CBD and
CBGA.

[0040] In a further embodiment the cancer is pancreatic
cancer and the API is selected from the group consisting of
CBD and CBG, and CBD and THCV.

[0041] In a further embodiment the cancer is melanoma
and the API is selected from the group consisting of CBD
and CBG, and CBD and THCV.

[0042] In a further embodiment the cancer is ovarian
cancer and the API is selected from the group consisting of
CBD and CBG, CBD and CBDA, CBD and THCYV, and
CBD and CBGA.

[0043] In a further embodiment the cancer is gastric
cancer and the API is selected from the group consisting of
CBD and CBG, and CBD and THCV.

[0044] In a further embodiment the cancer is renal cancer
and the API is CBD and THCV.

[0045] In a further embodiment still the cancer is bladder
cancer and the API is selected from the group consisting of
CBD and CBG.

[0046] Preferably the dose of API is between 1 and 1000
mg/kg day.
[0047] In a further embodiment there is provided a phar-

maceutical formulation comprising an API and one or more
excipients.

[0048] Preferably the pharmaceutical formulation com-
prises CBD is in combination with another cannabinoid
(CB) selected from the group consisting of cannabigerol
(CBG), cannabigerolic acid (CBGA), cannabidiolic acid
(CBDA) and tetrahydrocannabivarin (THCV) wherein the
CBD may be formulated for administration separately,
sequentially or simultaneously with the other CB or the
combination may be provided in a single dosage form.
[0049] In accordance with a second aspect of the present
invention there is provided a method of treating breast
cancer; liver cancer; lung cancer; pancreatic cancer; mela-
noma; ovarian cancer; gastric cancer; renal cancer or bladder
cancer, comprising administering an APl comprising or
consisting essentially of cannabidiol (CBD) and another
cannabinoid selected from the group consisting of cannab-
igerol (CBG); cannabigerolic acid (CBGA); cannabidiolic
acid (CBDA); and tetrahydrocannabivarin (THCV) to a
patient in need thereof.

DETAILED DESCRIPTION

[0050] The Examples below describe for the first time
various different active pharmaceutical ingredients (API)
comprising combinations of cannabidiol and another can-
nabinoid (CB) selected from the group consisting of can-
nabigerol (CBG), cannabigerolic acid (CBGA), cannabid-
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iolic acid (CBDA), and tetrahydrocannabivarin (THCV).
These API are shown not only to be efficacious, but also the
combinations show synergism in the treatment of many
different cancer cell lines.

Example 1: Efficacy of Phytocannabinoids Alone
and in Combination in Breast and Liver Cancer
Cell Lines

Materials and Methods

[0051] Cell Lines:

[0052] The cell lines tested in this Example were as
follows. Breast cancer: MDA-MB-231; SK-BR3; and
BT474. Liver cancer: HepG2.

[0053] The phytocannabinoids were tested alone and in
various ratioed combinations in media containing final con-
centrations of 10% and 1% foetal bovine serum at 72 h for
the breast and prostate cancer lines and 1% foetal bovine
serum for the liver cancer line HepG2.

[0054] Cell Preparation:

[0055] Each tumour cell line was maintained in vitro in
RPMI 1640+10% heat inactivated FBS and 2 mM L-gluta-
mine (growth media) at 37° C. in 5% CO2 and humidified
conditions. The cells were harvested, washed, re-suspended
into growth medium and counted. The cells were re-sus-
pended into assay media (RPMI 1640+5% heat inactivated
FBS+ and 2 mM L-glutamine) at 8x104-2x105 cells/ml
(dependent upon cell type) and plated into the middle 240
wells of 384 well tissue culture plates (Corning CellBind,
black-wall plates) 12.5 pl/well aliquots; 62.5 pl of growth
media was aliquoted into the outer wells. There were 4 plates
for each cell line. The plates were incubated overnight at 37°
C., in 5% humidified CO,.

[0056] Phytocannabinoid Preparation and Plating (1%
FBS):
[0057] The phytocannabinoid test compounds were pre-

pared in 100% DMSO vehicle at a stock concentration of 10
mM.

[0058] Dilution of Single Phytocannabinoid Compound
on its Own:
[0059] Starting with the 10 mM stock, the compounds

were diluted to 125 uM in FBS-free growth media.

[0060] Combination of Phytocannabinoids in a 1:1 Ratio:
[0061] Equal volumes of 10 mM stocks were mixed
together to give final concentration of 5 mM of each
compound. These were diluted in FBS-free growth media to
125 uM before serial dilution.

[0062] Combination of Phytocannabinoids in a 5:1 Ratio:
[0063] 5 volumes of CBD 10 mM stock was added to 1
volume of the other agent (also at 10 mM) and 4 volumes of
DMSO. This made a final concentration of 5 mM:1 mM.
This was then diluted in FBS-free growth media so the top
concentration of CBD would be 125 uM (before serial
dilution). Each compound and compound combination stock
was serially diluted in FBS-free growth media (containing
1.25% v/v DMSO) from 125 pM to 41.7, 13.89, 4.63, 1.54,
0.514, 0.171, 0.057 and 0.019 uM (1.25x final assay con-
centrations). Vehicle was prepared at equivalent dilutions in
assay media. The top final concentration of compound in the
assay was always 100 uM so CBDS5:1CBG was 100 uM
CBD and 20 uM CBG.

[0064] Positive Controls:

[0065] Taxotere SOC was prepared at a stock concentra-
tion of 1 mM in 100% DMSO. Taxotere was serially diluted
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from the stock solution into FBS-free growth media to 12.5
uM, then serially diluted in FBS-free growth media con-
taining 1.25% DMSO to 4.17, 1.39, 0.46, 0.154, 0.051,
0.017, 0.006, 0.002 pM (1.25x final assay concentrations).
[0066] Herceptin (in the clinical formulation) was diluted
in FBS-free media and then diluted in FBS-free media to
1.25 uM. This was then serially diluted in FBS-free growth
media to 0.417, 0.139, 0.046, 0.0154, 0.0051, 0.0017,
0.0006, 0.0002 uM (1.25x final assay concentrations). This
was plated as a positive control for the SKBR3 & BT474 cell
lines. 50 ul per well of compound/vehicle dilutions was
added to the plates in replicates of 6. Where applicable total
volume in the well was made up to 62.5 ul with assay media.
[0067] Assay Conditions:

[0068] The plates were incubated for 72 h at 37° C. in 5%
humidified CO,. To develop the plates, at 72 h, 10 ul of
CellTiter-Blue™ reagent was added to each test/blank well.
The plates were incubated at 37° C., 5% humidified CO,.
Fluorescence was measured using a Flex II Station plate
reader (570 nm excitation wavelength, 600 nm emission
wavelength, 590 nm cut-off) after 3 h.

[0069] Experiment with 10% FBS Final Concentration:
[0070] The experimental conditions were the same as the
experiment above, with the same compound dilutions and
volumes for plating but using growth media containing 10%
FBS rather than FBS-free media.

Results

[0071] The phytocannabinoids were tested alone and in
combination with CBD on a panel of breast (BT474, MDA-
MB231, SKBR3), and liver (HepG2) cancer lines. The IC50
value for each phytocannabinoid was calculated both alone
and in combination in each cell line.

[0072] The raw data values expressed in relative fluores-
cent units were normalised to the vehicle for each individual
plate and any reduction in fluorescence indicated a decrease
in viability.

[0073] The data were analysed in GraphPad PRISM using
a non-linear sigmoidal plot with variable slope (asymmetric
five point linear regression) and where possible an IC50
value for each single compound and combination was gen-
erated. Using this analysis, where the IC50 95% confidence
intervals (automatically generated in GraphPad PRISM) for
CDB alone and in combination did not overlap, this was
graded as significant (p<0.05).

[0074] The IC50 values calculated are summarised in
Tables 1 and 2 below.

TABLE 1

IC50 values of phytocannabinoids and combinations in
cell lines in the presence of 1% FBS

Breast

MDA-MB- Liver
Phytocannabinoid BT474 231 SKBR3 HepG2
CBD 8.0 7.4 4.0 3.3
CBG 7.9 4.1 4.0 3.7
CBGA 24.8 16 10.6 9.3
CBDA 21.8 30 14.5 7.4
THCV 13.3 14.4 10.8 7.2
CBD1:CBG1 3.7% 3.7 3.5 1.6*
CBD1:CBGAl 8.4 10.8 9.6 3.4
CBD1:CBDAl 7.9 9.8 3.8 4.0%
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TABLE 1-continued

IC50 values of phytocannabinoids and combinations in
cell lines in the presence of 1% FBS

Breast
MDA-MB- Liver
Phytocannabinoid BT474 231 SKBR3 HepG2
CBD1:THCV1 4.2% 4.4 3.1 2.9%
CBD5:CBG1 8.8 9.7 3.6 3.8
CBD5:CBGALl 8.8 8.0 3.6 3.9
CBD5:CBDA1 12.8 10.5 3.7 4.4%
CBD5:THCV1 79 5.1 6.0 3.8%
Taxotere <1 nM (but <1 nM (but <1 nM (but
only 50% only 50% only 50%
effect) effect) effect)
Herceptin 1.7 NT >1.0 NT
*= significantly different (p = <0.05) from CBD on its own
NT = Not tested
TABLE 2
IC50 values of phytocannabinoids and combinations
in cell lines in the presence of 10% FBS

Breast
Phytocannabinoid BT474 MDA-MB-231 SKBR3
CBD 28 27 23
CBG 37 29 33
CBGA ~100 ~100 >100
CBDA >100 NE at 100 yM ~100
THCV 31 36 30
CBD1:CBG1 13 12 3%
CBD1:CBGAl 32 27 15
CBD1:CBDA1 26 27 25
CBD1:THCV1 3 26 13
CBD5:CBG1 28 28 17
CBD5:CBGALl 27 20 23
CBD5:CBDA1 36 14 29
CBD5:THCV1 26 19 20
Taxotere <1 nM (but only <1 nM (but <1 nM (but only

50% effect) only 50% 50% effect)

effect)

Herceptin 13 nM NT NE at 1 uM

*= significantly different (p = <0.05) from CBD only
NT = Not tested

NE = No effect

~= Not able to determine accurate IC50

[0075] The IC50 values of the phytocannabinoid agents on
their own and in combination were lower in cells tested in
media containing 1% FBS compared to 10%. This is likely
to be due to the fact that these compounds are highly bound
to plasma proteins and so in media containing 10% FBS, less
compound is available to the cells to have an effect.

[0076] In general CBD and CBG on their own were more
potent than the acid variants CBGA and CBDA across the
cell lines tested.

[0077] THCYV was also generally more potent than CBGA
and CBDA. Each single p had a similar IC50 value against
each of the five cell lines tested with no more than a 3-fold
variation when tested.

[0078] The only exception to this was THCV which was
measured as 5-fold more potent in LNCAP cells compared
to DU145 cells in media containing 10% FBS.

[0079] When CBD was tested in combination with CBG
and THCV at a 1:1 ratio in the BT474 cells in media
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containing 1% FBS there was significant decrease in IC50
value (p<0.05) compared to CBD treatment alone.

[0080] When CBD was tested in combination with CBG
and THCV at a 1:1 ratio in the HepG2 cells there was a
significant decrease in IC50 value (p<0.05) compared to
CBD treatment alone. There was also a significant increase
in IC50 value (p<0.05) when CBD was tested in a 1:1
combination with CBDA compared to CBD treatment alone.
[0081] When CBD was tested in the HepG2 (liver cancer)
cells in combination with phytocannabinoids at a 5:1 ratio
there was significant difference in the IC50 value (p<0.05)
of the CBDA and THCV combinations compared to CBD
treatment alone.

[0082] There was a significant decrease in IC50 value
(p<0.05) when CBD was tested in combination with CBG in
SKBR3 cells in media containing 10% FBS.

[0083] There was a general trend across all cell lines tested
that the IC50 values of the 1:1 CBD combinations with CBG
and THCV were lower than the IC50 value of CBD alone in
the same cell line.

[0084] Generation of Combination Index (CI) Values of
CBD in Combination with Other Phytocannabinoids Using
the Chou-Talalay Method

[0085] For the calculation, raw data values expressed in
relative fluorescent units were normalised to the vehicle for
each individual plate (set as 0%) and the reduction in
fluorescence calculated as an increase in inhibition of viabil-
ity.

[0086] The data was formatted in Excel for each assay
plate so that the average effect at each concentration for each
separate phytocannabinoid and each of the combinations
could be determined.

[0087] The mean data at each concentration of CBD was
imported into the analysis package Calcusyn. Calcusyn
software was designed by M. Hayball and C. W. Lamble and
calculates the combination index (CI) values based on the
Chou and Talalay formula (Chou and Talalay, 1984). Using
Calcusyn, the CI value of each of the combinations of CBD
for each cell line was determined at the Effective Dose
values of CBD at 50, 75, 90 and 95%. These are summarised
on Tables 4 to 13. Also calculated was the weighted Com-
bination Index (CIwt) calculated using the equation Clwt=
(CI50+2CI75+3CI90+4CI195)/10 (Chou, 2006).

[0088] Table 3 contains the descriptive summaries of
various CI values based according to Chou and also contains
a glossary of terms of the data reported in subsequent tables.

TABLE 3

Verbal Descriptions of Synergism and Antagonism and
Meaning of Terms used in tables 4 to 13

CI Description Term Explanation

<0.1  Very Strong CI Combination Index
Synergism
0.1-0.30 Strong Synergism  ED50 Effective dose of Debio0932

giving 50% inhibition

0.31-0.7 Synergism ED75 Effective dose of Debio0932
giving 75% inhibition

0.71-0.85 Moderate Synergism ED90 Effective dose of Debio0932
giving 90% inhibition

0.86-0.9  Slight Synergism ED95 Effective dose of Debio0932
giving 95% inhibition

0.91-1.10 Nearly Additive CIwt Weighted Combination Index.
(CI50 + 2CI75 + 3CI90 +
4CI95)/10
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TABLE 3-continued

Verbal Descriptions of Synergism and Antagonism and

Meaning of Terms used in tables 4 to 13

CI Description Term Explanation
1.11-1.20 Slight Antagonism Dm  Median Effect Dose. The dose
that produces 50% effect such
as IC50
1.21-1.45 Moderate m The shape parameter for the
Antagonism dose effect curve; m =1, m > 1
and m < 1 indicate hyperbolic,
sigmoidal and flat sigmoidal
respectively
1.46-3.3  Antagonism T The conformity parameter for
3.4-10  Strong Antagonism goodness of fit. It is the linear
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TABLE 3-continued

Verbal Descriptions of Synergism and Antagonism and
Meaning of Terms used in tables 4 to 13

CI Description Term Explanation

>10  Very Strong correlation coefficient by the
Antagonism median-effect plot
[0089] The verbal descriptions of CI in Tables 4 to 7 are

based on the Clwt.

[0090] BT474 Hormone Sensitive Breast Cancer Cells
[0091] When the effect on BT474 cell viability of CBD in
combination with phytocannabinoids was tested, the 1:1
combinations with CBG and THCYV in cells tested in media
containing 1% FBS gave CIwt values that were scored as
moderate synergism (Table 4).

[0092] All other combinations under these conditions
were scored within the antagonism range.

TABLE 4

CI values of CBD:phytocannabinoid combinations in BT474 cells in 1% FBS

Phytocannabinoid/ CI values

combination ED50 ED75 ED90 ED95 CIwt Dm m r  Summary

CBD NA NA NA NA NA 1685 193 0936

CBG N/A NA NA NA NA 1485 176 0973

CBGA N/A NA NA NA NA 2786 206 0986

CBDA N/A NA NA NA NA 4327 320 0993

THCV NA NA NA NA NA 2027 193 0947

CBD:CBG 0.79 077 076 075 076 624 191 0.947 Moderate
synergism

CBD:CBGA 1.18 136 1.59 1.77 1.57 1436 1.71 0.970 Antagonism

CBD:CBDA 1.16 1.39 1.67 1.89 1.65 12.13 1.48 0.967 Antagonism

CBD:THCV 0.75 075 076 076 076 688 191 0.948 Moderate
synergism

CBD5:CBG1 135 134 134 134 134 1846 1.90 0.944 Moderate
Antagonism

CBD5:CBGALl 1.18  1.22 1.26 1.29 1.26 1843 1.89 0.942 Moderate
Antagonism

CBD5:CBDAL 043 1.05 256 4.69 290 647 0.75 0.910 Antagonism

CBD5:THCV1 1.51 1.58 1.65 1.70 1.64 21.75 1.78 0.945 Antagonism

[0093] MDA-MB-231 Breast Cancer Cells
[0094] In the MDA-MB-231 cells, the Clwt values gen-

erated showed that the effect on cell viability of CBD in
combination with phytocannabinoids was scored within the
synergism range or nearly additive for all combinations
apart from the 1:1 combinations with CBG and CBGA in
media containing 1% FBS (Table 5).

TABLE 5

CI values of CBD:phvtocannabinoid combinations in MDA-MB-231 cells in 1% FBS

Phytocannabinoid/ CI values

combination ED50 ED75 ED90 ED95 CIwt Dm m r  Summary

CBD NA NA NA NA NA 561 078 0815

CBG NA NA NA NA NA 1425 211 0903

CBGA NA NA NA NA NA 4353 210 0.897

CBDA NA NA NA NA NA 1998 086 0.752

THCV NA NA NA NA NA 3897 221 0.8%4

CBD:CBG 232 155 1.26 120 140 932 1.64 0.947 Moderate
Antagonism

CBD:CBGA 177 134 117 118 127 878 1.12 0.776 Moderate
Antagonism

CBD:CBDA 1.02 089 079 072 0.80 446 0.88 0.900 Moderate

Synergism
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TABLE 5-continued

CI values of CBD:phytocannabinoid combinations in MDA-MB-231

cells in 1% FBS

Phytocannabinoid/ CI values
combination ED30 ED75 ED90 ED95 CIwt Dm m r  Summary
CBD:THCV 2.60 124 0.69 052 092 1274 2.23 0.894 Nearly
Additive
CBD5:CBG1 247 110 054 037 078 12.85 2.22 0.893 Moderate
Synergism
CBD5:CBGALl 1.04 092 0.85 085 0.89 568 0.88 0.767 Slight
Synergism
CBD5:CBDAL1 3.14 134 058 032 0.89 16.66 1.99 0.905 Slight
Synergism
CBD5:THCV1 291 128 0.60 037 0.88 15.838 2.01 0.894 Slight
Synergism
[0095] SKBR3 Breast Cancer Cells

[0096]

When SKBR3 cells were tested with CBD:phyto-
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cannabinoid combinations in media containing 1% FBS the
greatest combination effect was seen in the cells treated with
CBD:THCV combination where the CIwt was scored as

synergism (Table 6).
TABLE 6

CI values of CBD:phytocannabinoid combinations in SKBR3 cells in 1% FBS

In addition, CBD and CBG on their own were more
potent than the acid variants CBDA and CBGA across the

Phytocannabinoid/ CI values

combination ED30 ED75 ED90 ED95 CIwt Dm m r  Summary

CBD N/A NA NA NA NA 931 264 0.895

CBG NA NA NA NA NA 855 251 0930

CBGA N/A NA NA NA NA 1682 197 0946

CBDA N/A NA NA NA NA 3002 257 0913

THCV N/A NA NA NA NA 1832 194 0948

CBD:CBG 126 144 1.66 1.82 1.64 562 195 0.940 Antagonism
CBD:CBGA 1.68 1.63 1.58 1.55 1.59 10.09 2.55 0.910 Antagonism
CBD:CBDA 1.11 116 1.21 124 120 790 2.39 0.947 Slight Antagonism
CBD:THCV 0.62 061 0.61 0.61 0.61 3.84 244 0.934 Synergism
CBD35:CBG1 091 1.06 1.23 136 122 696 1.92 0.945 Moderate Antagonism
CBD35:CBGA1 080 092 1.06 1.17 1.05 6.66 1.92 0.949 Nearly Additive
CBD35:CBDA1 0.67 077 089 099 0.88 583 1.95 0.945 Slight Synergism
CBD5:THCV1 1.15 115 115 1.14 1.15 9.73 2.58 0.900 Slight Antagonism
Discussion [0103]

[0097] The aim of the study was to examine in vitro the cell lines tested.

effects of CBD in combination with four phytocannabinoid
compounds (CBG, CBGA, CBDA and THCV) on the viabil-
ity of three breast cancer cell lines, and a liver cancer cell
line in order to determine whether the combinations proved
significant additive, antagonistic or synergistic using either
statistical significance or the Chou-Talalay Method.

[0098] The IC50 Values of Phytocannabinoid:

[0099] The IC50 values for each single agent phytocan-
nabinoid were generated for each cell line alone and in
combination to generate CI data.

[0100] In summary the following observations were seen
in this study for phytocannabinoid tested as a single agent:

[0101] Potency of phytocannabinoid in 10% FBS was
lower than 1% which is likely to be due to plasma binding.

[0102] In general each single agent had a similar IC50
value across the panel of 6 cell lines regardless of hormone
sensitivity of each line (BT474 is hormone sensitive).

[0104] Combination Index Effect of Phytocannabinoids in
Presence of CBD:

[0105] The Chou and Talalay method uses the Median
Effect Principle based on the mass action law in order to
calculate the CI of two agents together. The method takes
into account both the potency of a particular compound
(Dm) and the shape parameter of the curve (m) of each test
agent on its own (in this case CBD and phytocannabinoid
agents) as well as the Dm and m of the two agents in
combination (Chou, 2006).

[0106] Because the shape parameter is taken into account
it is possible to have lower Dm values of CBD and phyto-
cannabinoid in combination compared to CBD and phyto-
cannabinoid on their own but the calculated CI value is
greater than 1 and so the combined effect is classed as
antagonism.

[0107] The additive, synergism and antagonism effects of
CBD in combination with the phytocannabinoids in the
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panel of breast cancer cell lines in media containing 1% FBS
following analysis using the Chou and Talalay method is
summarized in Table 7.

TABLE 7

Summary of CIwt scores for each combination in each cell line in
media containing 1% FBS.

Phytocannabinoid Breast

combination BT474 MDA-MB-231 SKBR3
CBDI1:CBG1 Moderate Moderate Antagonism
synergism Antagonism
CBDI1:CBGAl Antagonism Moderate Antagonism
Antagonism
CBDI1:CBDA1 Antagonism Moderate Slight Antagonism
Synergism
CBDI1:THCV1 Moderate Nearly Synergism
synergism Additive
CBD5:CBG1 Moderate Moderate Moderate Antagonism
Antagonism  Synergism
CBDS5:CBGA1 Moderate Slight Nearly Additive
Antagonism  Synergism
CBDS5:CBDA1 Antagonism ~ Slight Slight Synergism
Synergism
CBDS5:THCV1 Antagonism ~ Slight Slight Antagonism
Synergism
[0108] In summary the following observations were seen

in this study for phytocannabinoid tested as a combination:
[0109] The CBD combination which appeared to have the
greatest effect on synergism across all cell lines was CBD in
combination with THCV at a 1:1 ratio. The effects of this
combination gave Clwt values that were scored within the
synergistic range or nearly additive in all of the breast cancer
cell lines BT474, MDA-MB-231, SKBR3.

[0110] CBD in combination with CBG at a 1:1 ratio was
synergistic in the BT474 cell line.

[0111] The cell line where the effect of combinations
appeared to have the greatest effect was the MDA-MB-231
line where all of the combinations apart from the CBD:CBG
and CBD:CBGA gave CIwt values that scored within the
synergism range or were nearly additive.

[0112] CBD appears to be most effective either in combi-
nation with either THCV or CBG at a 1:1 ratio depending on
the cell line. MDA-MB-231 breast cancer cells appear to be
most sensitive to the CBD:phytocannabinoid combinations.

Example 2: Efficacy of Phytocannabinoids Alone
and in Combination in Lung, Pancreatic, Skin,
Ovarian, Gastric, Renal and Bladder Cancer Cell
Lines

Materials and Methods

[0113] Cell Lines:

[0114] The following cell lines were tested in this
example: Lung Cancer (A549, NCI-H460); Pancreatic can-
cer (PANCI1, Mia-Pa-Ca-2); Melanoma (WM115, A375);
Ovarian cancer (OVCAR3, SKOV3); Gastric cancer
(MKN45, HGC-27); Renal cancer (ACHN) and Bladder
Cancer (RT112).

[0115] Phytocannabinoid Preparations:

[0116] The phytocannabinoids tested were as follows:
Cannabidiol (CBD); Cannabidiolic Acid (CBDA); Cannab-
igerol (CBG); Cannabigerol Acid (CBGA); Tetrahydrocan-
nabivarin (THCV); and Tetrahydrocannabinol (THC).
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[0117] The positive control agents used were Taxotere
(Docetaxel), Cisplatin and Gemcitabine.

[0118] Cell Preparation:

[0119] Each tumour cell line was maintained in vitro in
RPMI 1640+10% heat inactivated FBS and 2 mM L-gluta-
mine (growth media) at 37° C. in 5% CO, and humidified
conditions. The cells were harvested, washed, re-suspended
into growth medium and counted. The cells were re-sus-
pended into assay media (RPMI 1640+5% heat inactivated
FBS+ and 2 mM L-glutamine) at 4x10* cells/ml (dependent
upon cell type) and plated into the middle 240 wells of 384
well tissue culture plates (Corning CellBind, black-wall
plates) 25 ul/well aliquots; 50 ul of growth media was
aliquoted into the outer wells. There were 3 plates for each
cell line.

[0120] The plates were incubated overnight at 37° C., in
5% humidified CO,.

[0121] Phytocannabinoid Preparation and Plating (1%
FBS):
[0122] The phytocannabinoid test compounds were pre-

pared in 100% DMSO vehicle at a stock concentration of 20
and 40 mM.

[0123] Dilution of Single Cannabinoid Compound on its
Own:
[0124] Starting with the 20 mM stock in DMSO, this was

serially diluted (2 fold) in DMSO in a 96-well plate, to 20
(no dilution), 10, 5, 2.5, 1.25, 0.625, 0.315, 0.157 and 0.79
mM. Following this, 10 ul of each compound dilution was
diluted into 990 ul of 1% (v/v) FBS media in a deep well
block making the final concentrations of 200, 100, 50, 25,
12.5, 6.25, 3.125, 1.56 and 0.79 uM (2x final assay concen-
trations and 1% DMSO).

[0125] All Compounds in 1:1 Ratio:

[0126] An equal volume of each cannabinoid in the com-
bination (stock concentration 40 mM) was mixed together to
make a stock of 20 mM of each cannabinoid in DMSO. This
was serially diluted (2 fold) in DMSO in a 96-well plate, to
20 (no dilution), 10, 5, 2.5, 1.25, 0.625, 0.315, 0.157 and
0.79 mM. Following this, 10 ul of each combination dilution
was diluted into 990 ul of 1% (v/v) FBS media in a deep well
block making the final concentrations of 200, 100, 50, 25,
12.5, 6.25, 3.125, 1.56 and 0.79 uM (2x final assay concen-
trations and 1% DMSO).

[0127] Positive Controls

[0128] Taxotere SOC was prepared in 100% DMSO to
give a stock concentration of 10 mM. This was diluted in
DMSO from the stock solution to 200 uM, then serially
diluted (3-fold) in DMSO to 200 (no dilution), 66.66, 22.22,
741, 2.47,0.82, 0.27, 0.09, 0.03 uM. 10 ul of each of the
taxotere dilutions was diluted in 990 ul of 1% (v/v) FBS
media making the final concentrations of 2, 0.67, 0.22,
0.074, 0.0247, 0.0082, 0.0027 0.0009, 0.0003 pM (2x final
assay concentrations and 1% DMSO).

[0129] Gemcitabine SOC was prepared in 100% DMSO to
give a stock concentration of 20 mM. This was then serially
diluted (3 fold) in DMSO in a 96-well plate, to 20 (no
dilution), 6.6, 2.2, 0.741, 0.247, 0.082, 0.027, 0.009 and
0.003 mM. Following this, 10 ul of each dilution was further
diluted into 990 ul of 1% (v/v) FBS media making the final
concentrations of 200 (no dilution), 66.66, 22.22, 7.41, 2.47,
0.82, 0.27, 0.09, 0.03 uM (2x final assay concentrations and
1% DMSO).

[0130] Cisplatin (stock of 1 mg/ml=3.33 mM in water)
was diluted in 1% FBS media to give a stock concentration
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of 1 mM. This was then diluted in 1% FBS media from the
stock solution to 200 uM, then serially diluted (3-fold) in 1%
FBS media to 200 (no dilution), 66.66, 22.22, 7.41, 2.47,
0.82, 0.27, 0.09, 0.03 uM (2x final assay concentrations; no
DMSO).

[0131] Assay Conditions:

[0132] The plates were incubated for 72 h at 37° C. in 5%
humidified CO,. To develop the plates, at 72 h, 10 ul of
CellTiter-Blue™ reagent was added to each test/blank well.
[0133] The plates were incubated at 37° C., 5% humidified
CO,. Fluorescence was measured using a Flex II Station
plate reader (570 nm excitation wavelength, 600 nm emis-
sion wavelength, 590 nm cut-off) after 3 h.

Results

[0134] The phytocannabinoid compounds CBD, CBGA,
CBG, CBDA, THCV and THC were tested on a panel of
lung (A549, NCI-H460), pancreatic (PANC1, Mia-Pa-Ca-
2), melanoma (WMI115, A375), ovarian (OVCAR3,
SKOV3), gastric (MKN45, HGC-27), renal (ACHN) and
bladder (RT112) cancer cell lines according to the protocol
for 72 h in media containing 1% FBS.

[0135] The ICs, values for each phytocannabinoid and
combination of CBD with the other phytocannabinoids was
calculated for each cell line. The raw data values expressed
in relative fluorescent units were normalised to the vehicle
for each individual plate and any reduction in fluorescence
indicated a decrease in viability.
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[0136] Tables 8 and 9 below provide the IC,, values for
the phytocannabinoids and the combinations of phytocan-
nabinoids.

TABLE 8

IC50 values of Phytocannabinoids and CBD:phytocannabinoid
combinations in cell lines in the presence of 1% FBS

Cell line IC<, value (UM)

LUNG PANCREATIC
NCI Mia- _MELANOMA

A549 H460 PANC-1 Pa-Ca-2 WMIIS A375

CBD 32 25 3.0 26 24 29
CBGA 61 62 8.5 89 15 73
CBG 43 40 31 22 31 21
CBDA 85 73 13.1 79 21 102
THCV 74 46 6.5 52 65 5.0
THC 55 38 3.0 20 29 27
CBDI1:CBG1 16 0.8* 1.2% 08% 10 09
CBDI1:CBGAL 22 15 29 23 29 29
CBDI1:CBDAI 20 1.3* 3.0 20 21 29
CBDI:THCV1 16 1.4* 15 15 15 15
CBDI:THC1 15 1.2% 15 1.0* 11 14
TAXOTERE** 0.6 1.1 NT NT NT  NT
CISPLATIN NT NT NT NT 35 6.3
GEMCITABINE NT NT  >100 >100 NT  NT

*= significantly different (p = <0.05) from CBD or other phytocannabinoid on their own
**Measured in nM

TABLE 9

ICs, values of Phytocannabinoids and CBD:phytocannabinoid

combinations in cell lines in the presence of 1% FBS

Cell line ICsq value (uM)

OVARIAN GASTRIC RENAL BLADDER

OVCAR3 SKOV3 MKN45 HGC-27 ACHN  RT112
CBD 28 31 34 15 33 2.0
CBGA 6.1 79 6.5 78 11.6 9.8
CBG 53 55 43 1.6 3.0 2.5
CBDA 6.7 13 8.8 13 10.7 8.2
THCV 6.5 6.5 6.5 41 6.8 4.7
THC 59 53 42 2.8 3.6 3.6
CBD1:CBG1 0.9 14 13 0.6 14 0.8%
CBD1:CBGAL 1.0% 3.0 2.6 24 3.0 24
CBD1:CBDAI 1.6% 29 2.6 2.1 3.0 24
CBDI:THCV1 1.6 15 1.7 15 15 1.4%
CBDI1:THC1 14 1.7 1.7 14 13 1.4%
TAXOTERE** NT NT NT NT 1.8 NT
CISPLATIN 77 45 9.7 47 NT 27
GEMCITABINE NT NT NT NT NT NT

*= significantly different (p = <0.05) from CBD or other phytocannabinoid on their own

**Measured in nM
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[0137] Generation of Combination Index (CI) Values of media containing 1% FBS, the combinations with CBG and
CBD in Combination with Other Phytocannabinoids Using THCV gave CI, , values that were scored in the synergistic

the Chou-Ta}lalay Method . . range (Table 10).

[0138] This calculation was as described in Example 1

above.

[0139] AS549 (Lung NSCLC) Cells: [0141] The CBD:CBDA and CBD:THC combinations

[0140] When the effect on A549 cell viability of CBD in gave a Clwt which scored as nearly additive. The CBD:

1:1 combination with phytocannabinoids was tested in CBGA combination scored as slightly antagonistic.
TABLE 10

Combination Index values of CBD:phytocannabinoid
combinations in A549 cells in 1% FBS

Combination Index Values

ED50 ED75 ED90 ED95 CIwt Dm m Score

=

CBD N/A NA NA NA NA 287 517 096
CBGA N/A NA NA NA NA 689 427 098
CBG N/A NA NA NA NA 423 1040 1.00
CBDA N/A NA NA NA NA 760 230 096
THCV N/A NA NA NA NA 659 401 096
THC N/A NA NA NA NA 408 13.60 1.00

CBD1 CBGI1 0.85 0.87 090 092 0.89 145 5.64 0.99 Slight Synergism
CBD1 CBGAl 099 1.05 1.13 118 1.12 2.00 3.76 0.99 Slight Antagonism
CBD1 CBDAl 097 098 1.01 1.04 1.01 201 3.73 0.99 Nearly Additive
CBD1 THCV1 074 071 0.68 0.66 0.69 149 587 1.00 Synergism

CBD1 THC1 0.82 087 092 096 091 138 525 0.99 Nearly Additive

[0142] H460 (Lung NSCLC) Cells

[0143] When the effect on H460 cell viability of CBD in
1:1 combination with phytocannabinoids was tested in
media containing 1% FBS, all the combinations gave CI,,
values that were scored in the synergistic range (Table 11).

TABLE 11

Combination Index values of CBD:phytocannabinoid
combinations in NCI-H460 cells in 1% FBS

Combination Index Values

ED50 ED75 EDS0 ED95 CIwt Dm m r Score

CBD N/A NA NA NA NA 255 624 1.00
CBGA N/A N/A NA NA NA 403 268 096
CBG N/A NA NA NA NA 396 13.62 1.00
CBDA N/A NA NA NA NA 660 332 097
THCV N/A NA NA NA NA 453 447 099
THC N/A NA NA NA NA 328 534 095

CBD1 CBGI1 0.50 0.53 0.57 0.60 057 077 532 0.99 Synergism

CBD1 CBGAl 0.84 079 0.76 074 0.76 132 549 1.00 Moderate Synergism
CBD1 CBDAl 0.73 0.75 0.78 0.80 0.78 135 449 1.00 Moderate Synergism
CBD1 THCV1I 090 087 085 084 086 147 6.28 1.00 Slight Synergism
CBD1 THC1 0.82 079 077 075 077 117 693 1.00 Moderate Synergism
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[0144] PANC-1 (Pancreatic Cancer) Cells

[0145] When the effect on PANC-1 cell viability of CBD
in 1:1 combination with phytocannabinoids was tested in
media containing 1% FBS, the combinations with CBG,
THCV and THC gave CI,, values that were scored in the
synergistic range (Table 12). The CBD:CBGA and CBD:
CBDA combinations gave a CI,,, which scored as moderate

antagonism.
TABLE 12
Combination Index values of CBD:phytocannabinoid
combinations in PANC-1 cells in 1% FBS
Combination Index Values
ED50 ED75 ED90 ED95 CIwt Dm m r Score

CBD NA NA NA NA NA 292 7.80 1.00
CBGA NA NA NA NA NA 88 412 1.00
CBG NA NA NA NA NA 288 552 1.00
CBDA NA NA NA NA NA 1263 3.11 1.00
THCV NA NA NA NA NA 646 6.63 1.00
THC NA NA NA NA NA 315 663 1.00

CBD1 CBGI1 0.84 087 090 092 09 1.21 5.31 1.00 Slight Synergism
CBD1 CBGAl 1.31 130 1.28 127 129 288 7.00 0.99 Moderate Antagonism
CBD1 CBDAl 1.32 130 130 130 130 3.12 6.50 1.00 Moderate Antagonism
CBD1 THCV1 0.73 076 078 080 0.78 147 6.16 1.00 Moderate Synergism
CBD1 THC1 0.77 0.78 0.80 0.80 0.79 1.34 6.63 1.00 Moderate Synergism

[0146] MIA-PA-CA2 (Pancreatic Cancer) Cells

[0147] When the effect on MIA-PA-CA2 cell viability of
CBD in 1:1 combination with phytocannabinoids was tested
in media containing 1% FBS, the combinations with CBG,
CBDA, THCV and THC gave CI,,, values that were scored
in the synergistic or nearly additive range (Table 13). The
CBD:CBGA combination gave a CI, which scored as
moderate antagonism.

TABLE 13

Combination Index values of CBD:phytocannabinoid

combinations in MIA-PA-CA2 cells in 1% FBS

Combination Index Values

ED50 ED75 ED90 ED95 CIwt Dm m r Score

CBD NA NA NA NA NA 200 326 095
CBGA N/A NA NA NA NA 867 465 1.00
CBG NA NA NA NA NA 206 287 1.00
CBDA NA NA NA NA NA 709 203 099
THCV NA NA NA NA NA 479 445 1.00
THC NA NA NA NA NA 264 572 099

CBD1 CBGI1 095 086 077 072 079 096 4.25 0.96 Moderate Synergism
CBD1 CBGAl 1.27 126 1.26 126 126 206 3.52 0.99 Moderate Antagonism
CBD1 CBDAl1 1.13 1.07 1.02 1.00 1.03 176 3.37 0.99 Nearly Additive
CBD1 THCV1 092 083 074 069 076 130 548 0.98 Moderate Synergism
CBD1 THC1 094 085 077 072 078 1.07 6.67 1.00 Moderate Synergism
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[0148] WMI115 (Melanoma) Cells

[0149] When the effect on WM115 cell viability of CBD
in 1:1 combination with phytocannabinoids was tested in
media containing 1% FBS, all the combinations gave CI ,
values that were scored in the synergistic range (Table 14).

TABLE 14
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Combination Index values of CBD:phytocannabinoid
combinations in WM1135 cells in 1% FBS

Combination Index Values

ED50 ED75 ED90 ED95 CIwt Dm m r Score
CBD NA NA NA NA NA 277 211 1.00
CBGA N/A NA NA NA NA 1287 378 098
CBG NA NA NA NA NA 310 325 1.00
CBDA NA NA NA NA NA 1473 3.16 094
THCV N/A NA NA NA NA 643 656 1.00
THC NA NA NA NA NA 317 644 1.00
CBDl CBGl 073 0.64 056 052 058 1.07 3.69 099 Synergism
CBD1 CBGAl 119 094 075 0.65 079 271 456 099 Moderate Synergism
CBD1 CBDAl 093 073 057 049 0.61 217 446 1.00 Synergism
CBD1 THCV1 076 0.61 050 045 053 147 613 1.00 Synergism
CBD1 THC1 072 0.63 057 054 059 106 516 099 Synergism
[0150] A375 (Melanoma) Cells
[0151] When the effect on A375 cell viability of CBD in

1:1 combination with phytocannabinoids was tested in
media containing 1% FBS, the combinations of CBD with
CBG and THCV gave CI,, values that were scored as
moderate synergism whereas the other three combinations
scored in the antagonism range (Table 15).

TABLE 15

Combination Index values of CBD:phytocannabinoid combinations in A375 cells in 1% FBS

Combination Index Values

ED50 ED75 ED90 ED95 CIwt Dm m r  Score
CBD NA NA NA NA NA 266 830 1.00
CBGA NA NA NA NA NA 666 346 1.00
CBG NA NA NA NA NA 18 324 099
CBDA NA NA NA NA NA 978 385 096
THCV NA NA NA NA NA 554 587 1.00
THC NA NA NA NA NA 247 467 099
CBD1 CBGI 0.80 076 073 072 074 0.89 551 1.00 Moderate synergism
CBDl CBGAl 088 1.01 1.16 1.27 1.15 1.68 3.49 1.00 Slight antagonism
CBDl CBDAl 128 124 1.21 1.19 122 268 830 1.00 Moderate antagonism
CBDl THCV1 077 075 074 073 074 138 829 1.00 Moderate synergism
CBD1 THC1 123 1.19 116 1.14 1.17 157 7.13 0.99 Slight Antagonism
[0152] OVCAR3 (Ovarian Cancer) Cells
[0153] When the effect on OVCAR3 cell viability of CBD
in 1:1 combination with phytocannabinoids was tested in
media containing 1% FBS, the combinations of CBD with
CBG, CBGA, CBDA and THCV gave CI,, values that
scored in the synergism range whereas and the combination
of CBD with THC scored as nearly additive (Table 16).
TABLE 16
Combination Index values of CBD:phytocannabinoid
combinations in OVCARS3 cells in 1% FBS
Combination Index Values
ED50 ED75 ED90 ED95 CIwt Dm m r  Score

CBD NA NA NA NA NA 214 352 096
CBGA NA NA NA NA NA 641 293 099
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TABLE 16-continued
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Combination Index values of CBD:phytocannabinoid

combinations in OVCAR3 cells in 1% FBS

Combination Index Values

ED50 ED75 ED90 ED95 CIwt Dm m r Score
CBG NA NA NA NA NA 433 1248 1.00
CBDA N/A NA NA NA NA 551 250 098
THCV N/A NA NA NA NA 651 6.63 1.00
THC NA NA NA NA NA 442 1326 1.00
CBDl CBGl  0.63 0.61 0.60 0.60 0.61 091 3549 1.00 Synergism
CBD1 CBGAl 0.89 0.85 0.82 0.80 082 143 3.85 0.97 Moderate synergism
CBD1 CBDAl 092 085 0.80 076 081 142 4.02 099 Moderate synergism
CBD1 THCV1 0.85 0.82 0.80 078 080 136 4.56 0.98 Moderate synergism
CBD1 THC1 091 090 090 091 091 132 499 099 Nearly additive
[0154] SKOV3 (Ovarian Cancer) Cells
[0155] When the effect on SKOV3 cell viability of CBD

in 1:1 combination with phytocannabinoids was tested in
media containing 1% FBS, the combinations of CBD with
CBG and THCV gave CI,, values that were scored as
synergism. The combinations of CBD with CBDA and THC
gave CI,, values that scored as nearly additive whereas and
the combination of CBD with CBGA scored as slight
antagonism (Table 17).

TABLE 17

Combination Index values of CBD:phytocannabinoid
combinations in SKOV3 cells in 1% FBS

Combination Index Values

ED50 ED75 ED90 ED95 CIwt Dm m r  Score
CBD NA NA NA NA NA 317 645 1.00
CBGA NA NA NA NA NA 864 458 1.00
CBG NA NA NA NA NA 475 830 095
CBDA NA NA NA NA NA 1057 276 099
THCV NA NA NA NA NA 658 650 1.00
THC NA NA NA NA NA 456 1217 1.00
CBDI CBGl 070 0.68 0.67 0.66 0.67 133 830 1.00 Synergism
CBD1 CBGAl 120 115 111 108 111 279 750 1.00 Slight antagonism
CBD1 CBDAl 114 106 099 096 101 278 750 1.00 Nearly Additive
CBD1 THCV1 0.66 0.65 0.64 0.63 0.64 141 7.6 1.00 Synergism
CBD1 THC1 096 093 0.8 087 090 1.80 11.28 1.00 Slight Synergism
[0156] MKN45 (Gastric Cancer) Cells CBG, THCV and THC gave CI,,, values that were scored in
[0157] When the effect on MKN45 cell viability of CBD the synergism range. The combinations of CBD with CBGA

in 1:1 combination with phytocannabinoids was tested in
media containing 1% FBS, the combinations of CBD with

and CBDA gave CI,, values that scored as nearly additive
(Table 18).

TABLE 18

Combination Index values of CBD:phytocannabinoid
combinations in MKN45 cells in 1% FBS

Combination Index Values

ED50 ED75 EDS0 ED95 CIwt Dm m r Score

CBD NA NA NA NA NA 391 982 1.00

CBGA NA NA NA NA NA 640 348 098

CBG NA NA NA NA NA 416 1080 1.00

CBDA NA NA NA NA NA 804 298 097

THCV NA NA NA NA NA 688 590 1.00

THC NA NA NA NA NA 442 1326 1.00

CBD1 CBGI1 0.62 0.69 078 085 077 1.24 4.88 1.00 Moderate synergism
CBDl CBGAl 111 1.06 1.01 099 1.02 269 811 1.00 Nearly additive
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TABLE 18-continued
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Combination Index values of CBD:phytocannabinoid
combinations in MKN45 cells in 1% FBS

Combination Index Values

CBG, THCV and THC gave CI,,, values that were scored as

ED50 ED75 ED90 ED95 CIwt Dm m r Score
CBD1 CBDAl 105 105 107 1.08 107 277 3580 1.00 Nearly additive
CBD1 THCV1 0.61 0.64 0.67 070 0.67 153 599 099 Synergism
CBD1 THC1 072 079 0.87 093 086 150 575 099 Slight synergism
[0158] HGC27 (Gastric Cancer) Cells
[0159] When the effect on HGC27 cell viability of CBD in

1:1 combination with phytocannabinoids was tested in
media containing 1% FBS, the combinations of CBD with

nearly additive. The combinations of CBD with CBGA and
CBDA gave CI,, values that scored as antagonism (Table
19).

TABLE 19

Combination Index values of CBD:phytocannabinoid
combinations in HGC27 cells in 1% FBS

Combination Index Values

ED50 ED75 EDS0 ED95 CIwt Dm m r Score

CBD NA NA NA NA NA 172 461 099
CBGA NA NA NA NA NA 547 241 096
CBG NA NA NA NA NA 173 477 059
CBDA NA NA NA NA NA 1039 3.8 099
THCV NA NA NA NA NA 306 160 097
THC NA NA NA NA NA 274 612 1.00
CBD1 CBGl 081 091 102 110 101 070 3.15 1.00 Nearly Additive
CBD1 CBGAl 219 196 176 1.65 1.80 2.87 633 0.96 Antagonism
CBD1 CBDAl 1.90 177 1.65 157 1.67 2.80 6.33 0.94 Antagonism
CBD1 THCV1 112 100 0.89 0.83 091 119 1096 1.00 Nearly Additive
CBD1  THC1 142 116 099 090 103 157 620 099 Nearly Additive

[0160] ACHN (Renal Cancer) Cells

[0161] When the effect on ACHN cell viability of CBD in

1:1 combination with phytocannabinoids was tested in
media containing 1% FBS, the combinations of CBD with
THCV and THC gave CI,,, values that scored as synergism
and slight synergism respectively. The combinations of CBD
with CBG and CBGA gave CI,,, values that were scored as
nearly additive. The combination of CBD with CBDA
scored as moderate antagonism (Table 20).

TABLE 20

Combination Index values of CBD:phytocannabinoid combinations in ACHN cells in 1% FBS

Combination Index Values

ED50 ED75 EDS0 ED95 CIwt Dm m r  Score
CBD NA NA NA NA NA 311 947 1.00
CBGA NA NA NA NA NA 1201 602 096
CBG NA NA NA NA NA 296 7.00 1.00
CBDA NA NA NA NA NA 844 357 097
THCV NA NA NA NA NA 676 663 098
THC NA NA NA NA NA 440 1312 1.00
CBD1 CBGI1 096 097 099 1.00 099 145 7.13 1.00 Nearly Additive
CBDl CBGAl 1.07 1.07 1.07 108 1.07 2.63 830 1.00 Nearly Additive
CBDl CBDAl 134 134 135 136 135 3.04 6.63 1.00 Moderate antagonism
CBDl THCV1 0.65 0.65 0.65 065 065 138 829 1.00 Synergism
CBD1 THC1 072 080 0.89 096 0.88 131 5.22 1.00 Slight Synergism
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[0162] RT112 (Bladder Cancer) Cells

[0163] When the effect on RT112 cell viability of CBD in
1:1 combination with phytocannabinoids was tested in
media containing 1% FBS, the combination of CBD with
CBG gave a CI,,, value that scored as moderate synergism.
The combinations of CBD with THCV and THC gave CI ,
values that were scored as nearly additive. The combinations
of CBD with CBDA and CBDA gave CI,,, values scored as
moderate antagonism (Table 21).
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TABLE 21

Combination Index values of CBD:phytocannabinoid combinations in RT112 cells in 1% FBS

Combination Index Values

ED50 ED75 ED90 ED95 CIwt Dm m r Score

CBD NA NA NA NA NA 179 3.66 098

CBGA NA NA NA NA NA 972 733 1.00

CBG NA NA NA NA NA 214 373 097

CBDA NA NA NA NA NA 636 211 098

THCV NA NA NA NA NA 475 481 1.00

THC NA NA NA NA NA 309 3557 096

CBD1 CBGl 083 077 071 067 072 081 512 1.00 Moderate Synergism

CBD1 CBGAl 154 148 143 139 143 233 467 1.00 Moderate antagonism

CBD1 CBDAl 133 144 137 132 138 214 3.86 0.99 Moderate antagonism

CBD1 THCV1 1.04 096 0.8 085 090 135 542 1.00 Slight synergism

CBD1 THCI 121 114 1.08 103 109 138 350 1.00 Nearly Additive

Discussion [0165] Effect of CBD:Phytocannabinoid Combinations
[0166] The Chou and Talalay method uses the Median

[0164] The aim of this Example was to examine in vitro Effect Principle based on the mass action law to calculate the

the effects of phytocannabinoids as single agents and also in
combination with CBD on the viability of a number of
different cancer cell lines in order to determine whether the

combinations proved additive, antagonistic or synergistic

using the Chou and Talalay method.

CI of two agents together. The method takes into account
both the potency of a particular compound (Dm) and the
shape parameter of the curve (m) of each test agent on its
own as well as the Dm and m of the agents in combination.
The Chou and Talalay Combination Index data for each cell
line are in Tables 13 to 24. The weighted combination Index
summary scores have been summarized in Table 22.

TABLE 22

Combination Index Summaries of CBD:phytocannabinoid combinations in cell

lines

Combination

Cell Line CBD1:CBG1 CBDI1:CBGAl1 CBDI:CBDAl1 CBDI1:THCV1 CBDI1:THC1
AS549 (Lung) Slight Slight Nearly Synergism Nearly
Synergism  Antagonism Additive Additive
H460 (Lung) Synergism  Moderate Moderate Slight Moderate
Synergism Synergism Synergism Synergism
PANC-1 Slight Moderate Moderate Moderate Moderate
(Pancreatic) Synergism  Antagonism Antagonism Synergism Synergism
MIA-PA-CA2  Moderate Moderate Nearly Moderate Moderate
(Pancreatic) Synergism  Antagonism Additive Synergism Synergism
WMI115 Synergism  Moderate Synergism Synergism Synergism
(Melanoma) Synergism
A375 Moderate Slight Moderate Moderate Slight
(Melanoma) Synergism  Antagonism Antagonism Synergism Antagonism
OVCAR3 Synergism  Moderate Moderate Moderate Nearly
(Ovarian) Synergism Synergism Synergism Additive
SKOV3 Synergism Slight Nearly Synergism Nearly
(Ovarian) Antagonism Additive Additive
MKN45 Moderate Nearly Nearly Synergism Slight
(Gastric) Synergism  Additive Additive Synergism
HGC27 Nearly Antagonism Antagonism Nearly Nearly
(Gastric) Additive Additive Additive
ACHN (Renal) Nearly Nearly Moderate Synergism Slight
Additive Additive Antagonism Synergism
RT112 Moderate Moderate Moderate Slight Nearly
(Bladder) Synergism  Antagonism Antagonism Synergism Additive
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[0167] In summary the following observations using the
Chou and Talalay method were seen in this study for
CBD:phytocannabinoids tested in combinations:

[0168] The cell lines which are most susceptible to the
CBD:phytocannabinoid combinations are Lung H460 and
Melanoma WM115; where every CBD:phytocannabinoid
combination scored in the synergistic range.

[0169] The CBD:phytocannabinoid combinations that
scored in the synergistic or nearly additive range across all
cell lines were CBD1:CBG1 and CBD1:THCV1.

[0170] The combination which was least effective and
scored in the antagonistic range 7 of the cell lines was
CBD1:CBGA1 which was closely followed CBD1:CDBA1
which scored in the antagonistic range across 5 cell lines.

[0171] This study shows that the phytocannabinoid com-
pounds under the conditions tested have a clear cytotoxic
effect on many different types of cancer cell lines cells and
provides potency data similar to Example 1 in which breast,
prostate and liver cell lines were tested.

[0172] Overall this study demonstrated that when CBD is
combined with other phytocannabinoids they have the
potential to act synergistically on the viability of a number
of different cancer types.
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1. An active pharmaceutical ingredient (API) comprising
or consisting essentially of cannabidiol (CBD) and another
cannabinoid (CB) selected from the group consisting of
cannabigerol (CBG), cannabigerolic acid (CBGA), canna-
bidiolic acid (CBDA) and tetrahydrocannabivarin (THCV)
for use as a medicament.

2. An active pharmaceutical ingredient (API) as claimed
in claim 1, comprising or consisting essentially of canna-
bidiol (CBD) and cannabigerol (CBG).

3. An active pharmaceutical ingredient (API) as claimed
in claim 1, comprising or consisting essentially of canna-
bidiol (CBD) and cannabigerolic acid (CBGA).

4. An active pharmaceutical ingredient (API) as claimed
in claim 1, comprising or consisting essentially of canna-
bidiol (CBD) and cannabidiolic acid (CBDA) for use as a
medicament.

5. An active pharmaceutical ingredient (API) as claimed
in claim 1, comprising or consisting essentially of canna-
bidiol (CBD) and tetrahydrocannabivarin (THCV) for use as
a medicament.

6. An active pharmaceutical ingredient (API) as claimed
in any of claims 1 to 5, for use in the treatment of cancer.

7. An active pharmaceutical ingredient (API) as claimed
in claim 6, wherein the cancer is one or more of: breast
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cancer; liver cancer; lung cancer; pancreatic cancer; mela-
noma; ovarian cancer; gastric cancer; renal cancer or bladder
cancet.

8. An active pharmaceutical ingredient (API) as claimed
in any of the preceding claims, wherein the CBD and
another cannabinoid are present in a ratio of from 7.5:1 to
1:7.5 (CBD:CB).

9. An active pharmaceutical ingredient (API) as claimed
in claim 8, wherein the CBD and another cannabinoid are
present in a ratio of 7.5:1 to 2.5:1 (CBD:CB).

10. An active pharmaceutical ingredient (API) as claimed
in claim 8, wherein the CBD and another cannabinoid are
present in a ratio of about 5:1 (CBD:CB).

11. An active pharmaceutical ingredient (API) as claimed
in claim 8, wherein the CBD and another cannabinoid are
present in a ratio of 2:1 to 1:2 (CBD:CB).

12. An active pharmaceutical ingredient (API) as claimed
in claim 8, wherein the CBD and another cannabinoid are
present in a ratio of about 1:1 (CBD:CB).

13. An active pharmaceutical ingredient (API) as claimed
in any of the preceding claims, wherein the cancer is breast
cancer and the API is selected from the group consisting of
CBD and CBG, CBD and CBDA, CBD and THCV, and
CBD and CBGA.

14. An active pharmaceutical ingredient (API) as claimed
in any of claims 1 to 12, wherein the cancer is lung cancer
and the API is selected from the group consisting of CBD
and CBG, CBD and CBDA, CBD and THCV, and CBD and
CBGA.

15. An active pharmaceutical ingredient (API) as claimed
in any of claims 1 to 12, wherein the cancer is pancreatic
cancer and the API is selected from the group consisting of
CBD and CBG, and CBD and THCV.

16. An active pharmaceutical ingredient (API) as claimed
in any of claims 1 to 12, wherein the cancer is melanoma and
the API is selected from the group consisting of CBD and
CBG, and CBD and THCV.

17. An active pharmaceutical ingredient (API) as claimed
in any of claims 1 to 12, wherein the cancer is ovarian cancer
and the API is selected from the group consisting of CBD
and CBG, CBD and CBDA, CBD and THCV, and CBD and
CBGA.

18. An active pharmaceutical ingredient (API) as claimed
in any of claims 1 to 12, wherein the cancer is gastric cancer
and the API is selected from the group consisting of CBD
and THCV.

19. An active pharmaceutical ingredient (API) as claimed
in any of claims 1 to 12, wherein the cancer is renal cancer
and the API is CBD and THCV.

20. An active pharmaceutical ingredient (API) as claimed
in any of claims 1 to 12, wherein the cancer is liver cancer
and the API is selected from the group consisting of CBD
and CBG, and CBD and THCV.

21. An active pharmaceutical ingredient (API) as claimed
in any of claims 1 to 12, wherein the cancer is bladder cancer
and the API is selected from the group consisting of CBD
and CBG, and CBD and THCV.

22. An active pharmaceutical ingredient (API) as claimed
in any of claims 1 to 12, wherein the dose of API is between
1 and 1000 mg/kg day.

23. A pharmaceutical formulation comprising an API as
claimed in any of the preceding claims and one or more
excipients.
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24. A pharmaceutical formulation as claimed in claim 24,
wherein the CBD is used in combination with another
cannabinoid (CB) selected from the group consisting of
cannabigerol (CBG), cannabigerolic acid (CBGA), canna-
bidiolic acid (CBDA) and tetrahydrocannabivarin (THCV)
wherein the CBD may be formulated for administration
separately, sequentially or simultaneously with the other CB
or the combination may be provided in a single dosage form.

25. A method of treating breast cancer; liver cancer; lung
cancer; pancreatic cancer; melanoma; ovarian cancer; gas-
tric cancer; renal cancer or bladder cancer, comprising or
consisting essentially of administering an API comprising
cannabidiol (CBD) and another cannabinoid selected from
the group consisting of cannabigerol (CBG); cannabigerolic
acid (CBGA); cannabidiolic acid (CBDA); and tetrahydro-
cannabivarin (THCV) to a patient in need thereof.
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