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An internet search with searchwords “cannabis cures cancer” produce a wealth of sites 

claiming that cannabis has this effect. These sites are freely accessible to the general 

public and thus contribute to public opinion. But do ∆
9
-tetrahydrocannabinol (∆

9
-THC) 

and cannabidiol (CBD) cure cancer? In the absence of clinical data other than a safety 

study and case reports, preclinical data should be evaluated in terms of its predictive 

value. Using a strict approach where only concentrations and/or models relevant to the 

clinical situation are considered, the current preclinical data does not yet provide robust 

evidence that systemically administered ∆
9
-THC will be useful for the curative 

treatment of cancer. There is more support for an intratumoural route of 

administration of higher doses of ∆
9
-THC. CBD produces effects in relevant 

concentrations and models, although more data are needed concerning its use in 

conjunction with other treatment strategies. 
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9
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INTRODUCTION 

A PubMed search with the search words “cannabinoid” (CB) and “cancer” returns (as of late 

October 2014) 1100 hits covering both palliative aspects of cannabinoids in the treatment of 

chemotherapy-induced nausea and pain, cancer pain, and also on the ability of cannabinoids 

to affect the cancers themselves. This latter field was started in 1975 by Munson et al.
1
 who 

reported that repeated treatment of mice with the ∆
9
-tetrahydrocannabinol (∆

9
-THC) reduced 

the rate of growth of implanted Lewis lung carcinomas and increased the survival time of the 

animals. In contrast, cannabidiol (CBD) at the doses used  increased the tumour weights at 21 

and 28 days, and the highest dose significantly reduced the mean survival time.
1
 A large 

number of mechanistic studies followed, of which the following two serve as good examples 

(with apologies to other authors for not choosing their work, but this review comes with a size 

and citation limitation): 

 Galve-Roperh et al.
2
 demonstrated that the CB receptor agonists ∆

9
-THC and WIN-

55,212-2 improved the outcome of rats with brain tumours produced by intracerebral 

injection of C6 glioma cells, which express CB receptors. ∆
9
-THC is a partial agonist 

at CB receptors, whilst WIN 55,212-2 is a full agonist. Many cancer cell lines express 

CB1 and/or CB2 receptors (see 
2-9

 for examples from papers discussed elsewhere in 

this review). Others, however, do not, and in some cases the expression levels are 

somewhat variable (see e.g. 
10

). Galve-Roperh et al.
2
 also investigated in vitro the 

effects of ∆
9
-THC (1 µM) in two C6 cell subclones, one sensitive (C6:9) and one 

resistant (C6:4) to the deleterious effects of the compound despite similar expression 

levels of CB1 and CB2 receptors, and found that the antiproliferative effects of ∆
9
-

THC were associated with a sustained ceramide accumulation. Subsequent studies 

(reviews see
11-13

) have elucidated the molecular mechanisms behind CB receptor 

ligand-induced cancer cell death in many different cell types. Translation into the 
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clinic has so far been limited to a safety study of intra-cranially administered ∆
9
-THC

3
 

and case reports for this administration or for oral cannabis extracts.
3,14

 Administration 

of a high dose of a lipophilic compound like ∆
9
-THC might be expected to produce 

adverse effects due to diffusion of the compound. However, the safety study
3
 found no 

overt psychoactive effects of the ∆
9
-THC administration. 

 Nithipatikom et al.
4
 investigated pharmacologically the control of invasive behaviour 

in vitro by the endogenous CB (endocannabinoid) system in three prostate cancer cell 

lines, and found that inhibition of the synthesis of the endocannabinoid 2-

arachidonoylglycerol (2-AG) increased the invasivity, whilst the reverse was true 

following inhibition of the hydrolysis of this lipid. This group have also showed that 

overexpression of the enzyme fatty acid amide hydrolase, which is responsible for the 

breakdown of the other main endocannabinoid, anandamide (AEA), also increased the 

invasive behaviour of prostate cancer cell lines
15

. Subsequent studies have suggested 

that 2-AG and related monoacylglycerols may additionally act as precursors for long 

chain fatty acids involved in cancer pathogenesis.
16,17

   

The studies summarised above point to a potential for cannabinoids and/or compounds 

modulating the endocannabinoid system as novel drugs for the treatment of cancer. However, 

many novel anticancer strategies have looked promising in preclinical studies, but have failed 

to translate into new drugs. In their investigation published in 2004, Kola and Landis
18

 

reported that oncology had a very poor success rate (~5% from first-in-man to registration, 

compared with ~17% for arthritis and pain, ~20% for cardiovascular, ~8% for CNS and ~11% 

for all indications; data for the period 1991-2000 for the ten then largest Big Pharma 

companies
11

). The authors wrote that “the major causes of attrition in the clinic in 2000 were 

lack of efficacy (accounting for approximately 30% of failures) and safety (toxicology and 

clinical safety accounting for a further approximately 30%). The lack of efficacy might be 
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contributing more significantly to therapeutic areas in which animal models of efficacy are 

notoriously unpredictive, such as CNS and oncology, both of which have relatively higher 

failure rates in Phase II and III trials.”
11

 It is thus wise to evaluate the available body of data 

regarding the potential anticancer effects of cannabinoids in a critical manner, and ask the 

question as to whether there is any robustly predictive preclinical data supporting their 

development as novel agents for the treatment of cancer. A related question, at least for ∆
9
-

THC, is why cancers overexpress a protein, the stimulation of which could act under certain 

conditions to hasten their demise. Cancers are not known for this sort of beneficience. These 

questions are considered in the present review. For reasons of space, the cannabinoids to be 

considered are limited to two phytocannabinoids; ∆
9
-THC itself and the non-psychotropic 

CBD, which also affects cancer cell viability but which does not activate CB receptors 

(review, see
19

). 

 

IN VITRO STUDIES OF ∆
9
-THC AND CBD 

A detailed discussion of the mechanism(s) of action of ∆
9
-THC and CBD with respect to their 

effects upon cancer cell viability, proliferation, and invasive behaviour, is outside the scope of 

the present article, and the reader is referred to
11-13,19

 for reviews. When considering the 

predictive usefulness of these studies, two key criteria should be adopted, namely a) that the 

concentrations of the compounds used are relevant to the clinical situation and b) that the 

experiments are conducted in a manner relevant to the cancer in question. 

With respect to (a) and the in vitro literature, the nature of the experiments do not place a 

natural ceiling on the concentrations of drugs that can be used (other than solubility 

restrictions, solvent concentrations, etc), and published data investigate ∆
9
-THC and CBD in 

concentrations ranging from the low nanomolar to the high micromolar. The Ki for the 

interaction of ∆
9
-THC with human CB1 and CB2 receptors is ~25 and ~35 nM.

20
 The 
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pharmacokinetics of ∆
9
-THC and CBD are well established.

21
 As an example, Nadulski et 

al.
22 

reported mean Cmax values of THC and CBD of 4.05 (range 1.2-10.3) and 0.93 (0-2.6) 

ng/ml, respectively, following administration of a cannabis extract (total dose 10 mg ∆
9
-THC 

and 5.4 mg CBD). These mean Cmax values correspond to 13 and 3.0 nM for ∆
9
-THC and 

CBD, respectively.
22 

The distribution volume for ∆
9
-THC is large

21
 and so it can be argued 

that concentrations of ∆
9
-THC in tumours may be higher than these values. On the other hand, 

the antiproliferative effects of cannabinoids are dependent upon the ambient foetal bovine 

serum concentration,
23,24

 and it is not uncommon for authors to use relatively low serum 

concentrations in cell proliferation studies (see e.g.
2,25

). Given the extensive plasma protein 

binding of these cannabinoids,
21

 (which may contribute to the findings in
23,24

), the free plasma 

concentrations will be lower than the values given above. All in all, it is unlikely that 

micromolar concentrations of ∆
9
-THC / CBD will be reached in vivo, unless, of course, the 

compound in question is injected directly into the tumour, as in the safety study in glioma.
3
  

A second issue concerns selectivity of action, given the old adage that compounds are 

specific only when first discovered (i.e. not tested against other targets). The number of 

potential off-targets will increase as the concentration of the compound increases. CBD is a 

good example of this: in the submicromolar concentrations likely to be achieved in vivo, the 

compound acts as an inhibitor of the cellular uptake of adenosine
26

 and an agonist at transient 

receptors potential (TRP) A1 and M8.
27

 Upon prolonged administration, submicromolar 

concentrations also increase expression of intercellular adhesion molecule-1 in human lung 

cancer cells (although more robust effects are seen at 3 µM)
28 

and reduce Id-1 d helix-loop-

helix protein expression in breast cancer cells.
29

 At higher concentrations, CBD  has 

antioxidant activity,
30

 and produces effects upon TRPV1 and V2,
27

 mitochondrial 

function,
31,32

 binding to CB1 and CB2 receptors (see
20

), activity of ATP-binding multidrug 

transporters,
33-35

 inhibition of FAAH,
27

 and stimulation of phospholipase A2 and 
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cyclooxygenase activity.
36,37

  There is also data suggesting that CBD can interact directly with 

androgen receptors.
33

 Indeed, it could be argued that CBD should be on the list of PAINS 

(pan-assay interference compounds) that have promiscuous effects on potential drug targets 

and which repeatedly surface to “feed Sisyphean cycles of ‘screen, publish, flounder’”
39

.
 
An 

example of such a compound is the phytochemical genistein, which in addition to its 

interaction with oestrogen receptors, affects at micromolar concentrations a large number of 

different proteins,
40

 including FAAH.
41

 Genistein is an isoflavone from soya beans, and 

isoflavones have been suggested to have some structural similarities to phytocannabinoids 

(see Fig. S1 of 
42

). Many of the effects are also produced by CBD are also seen with ∆
9
-

THC.
26,27,29,33-36,38 

A final issue is that the use of relatively high concentrations of ∆
9
-THC and/or CBD may 

miss pleiotropic actions of the compounds. A nice example of this was reported by Carracedo 

et al.
5
 These authors incubated four different pancreatic cancer cell lines with ∆

9
-THC in low-

serum medium for 66 hours. Concentrations of ∆
9
-THC of 3 and 4 µM produced a complete 

inhibition of cell viability in all the cells. However, a concentration of 1 µM ∆
9
-THC  (and 0.5 

µM for Capan2 cells) significantly increased cell viability for two of the cell lines (Capan2, 

Panc1) but not the other two (BxPc3, MiaPaCa2).
5 
Such pleiotropy is not confined to 

pancreatic cancer alone, but has also been reported for ∆
9
-THC in SF126 gliobastoma cells 

(Fig 2 of 
25

),
 
for ∆

9
-THC and the CB2 receptor-selective agonist JWH133 in N202.1A breast 

cancer cells,
43

 for ∆
9
-THC in U373-MG glioma and NCI-H292 lung carcinoma cells,

44
 and 

for THC, methAEA, HU-210 and JWH-015 in LNCaP and/or PC3 prostate cancer cells
6,45

. 

However, it by no means always occurs: only inhibitory effects of ∆
9
-THC and CBD, for 

example, were reported in U87MG glioma cells.
46

 How can such a pleiotropic effect of ∆
9
-

THC be explained? A more pertinent question is perhaps how is it that inhibition of cell 

viability, inhibited by CB receptor antagonists, at usually found at micromolar rather than 
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nanomolar concentrations? It is possible that this inhibitory effect requires interaction with 

both CB receptors and an additional low-affinity target. Such a situation would produce 

effects at micromolar concentrations that are sensitive to blockade either of CB receptors 

and/or of the second target.  

On the basis of the above discussion, it can be argued that the in vitro studies 

investigating submicromolar concentrations of cannabinoids should be those given the most 

weight when discussing the predictive usefulness of cell culture data, particularly those 

studies investigating a range of concentrations. Further, the data should be restricted to ∆
9
-

THC and CBD and to human cell lines, since the focus here is on predictive information for 

these two cannabinoids rather than mechanistic information on the role of the 

endocannabinoid system in the control of tumour proliferation and invasivitiy. This greatly 

reduces the available information, and the studies that to my knowledge have been published 

are summarised in Table 1. These data give a much less clear picture than one would like for 

an antitumour compound, particularly in the case of ∆
9
-THC in view of its pleiotropic effects 

on cell proliferation. However ∆
9
-THC appears to be more efficacious as an inhibitor of cell 

migration/invasion than of cell viability in U251 glioblastoma cells and in AV40-transformed 

human trabecular meshwork cells (used with respect to glaucoma rather than cancer in their 

study). One reports of a mitogenic effect of CBD was found, but three of the studies did 

report reductions in cell viability at submicromolar concentrations, as well as an anti-invasive 

effect in a glioblastoma cell line (Table 1).  

In Table 1, the ambient serum concentrations have been described, but the other assay 

conditions are important. In his review concerning “The Valley of Death” in anticancer drug 

development, Adams listed a number of issues that contribute to the high clinical attrition 

rate.
58

 Among these was the “lack of predictive discovery and development models”. Thus, 

for example, solid tumours have hypoxic and acidic microenvironments, and yet most in vitro 
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studies using cell lines are undertaken using very cell-friendly culturing conditions where 

gene expression profiles are different
58

.  Adams listed a number of suggestions for improving 

anti-cancer drug development, including the use of relevant pH and oxygen tensions for the 

cell-culture models.
58

 Of the studies listed in Table 1, only two have investigated the effect of 

lower oxygen tensions upon CBD. Solinas et al.
54

 reported that in U87-MG and T98G glioma 

cells, the antiproliferative  effects of CBD were similar under hypoxic and normoxic 

conditions. The data were not shown, but for the normoxic conditions, concentrations of CBD 

>10 µM were required. Macpherson et al.
32

 reported that CaCo-2 colon cancer cells were 

more sensitive to CBD under conditions of physiological oxygen than those routinely used in 

cell culturing experiments. So far, no ∆
9
-THC studies using “Adams-acceptable” conditions 

have been reported.
 
However, this may change, as scientists start to utilise more pathological 

cell culture models to study the endocannabinoid system (see 
10,59

). 

 

IN VIVO STUDIES OF ∆
9
-THC AND CBD 

Most of the in vivo data on the effects of ∆
9
-THC and CBD upon tumour growth, 

angiogenesis and metastatic behaviour comes from the use of xenografts, where the cells are 

injected into the host animal (usually subcutaneously into the flank of mice) and tumour 

development is followed over time (see
1,2,5,7,9,24,43,46,53,55,60-62 

for examples from papers 

discussed elsewhere in this review). However, this approach does not find favour with 

Adams
58

, simply because the predictive validity of this model is not that good
63

. A second 

issue is that in most cases, the animals are immunologically compromised to avoid 

immunogenic reactions to the tumours. This may mask effects resulting from actions of THC 

upon the immune system. Indeed, Zhu et al.
60 

reported that whilst treatment of BALB/c SCID 

incompromised mice with ∆
9
-THC (5 mg/kg i.p., 4 times weekly starting prior to tumour 

implantation) did not affect tumour volume following inoculation with a weakly 
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immunogenic lung cancer cell line (line 1 alveolar carcinoma cells), tumour volume was 

increased in immunocompetent BALB mice. ∆
9
-THC also increased tumour volume 

following inoculation with Lewis lung carcinoma cells in immunocompetent C57BL/6 mice. 

The effect of ∆
9
-THC in the C57BL/6 mice was accompanied by increased levels of the 

cytokines TGF-ß and IL-10 at the tumour site, and the ∆
9
-THC-induced increase in tumour 

volume was prevented by concomitant treatment with antibodies to these cytokines.
60

 

McKallip et al.
9
 reported similar results in a breast cancer xenograft model. In BALB/c mice 

injected with 4T1 mammary cell carcinomas (which are syngeneic to these mice), THC (25 or 

50 mg/kg every other day from day 4 -21) increased the tumour volume and number and size 

of cells metastasizing to the lungs. In contrast, ∆
9
-THC (25 mg/kg dose regime) did not affect 

local tumour size or number of metastases in immunocompromised SCID-NOD mice 

innocuated with 4T1 tumour cells.
9
 

Adams
58

 argues that screening for effects upon metastatic disease in vivo orthotopic 

models and the use of mice with cancer-specific mutations is more appropriate than 

investigating effects upon the primary tumour xenografts, and, once again the list of studies 

investigating ∆
9
-THC and CBD becomes rather small: 

 Galve-Roperh et al.
2
 reported that ∆

9
-THC and WIN55,212 delivered to the tumours 

increased survival times in rats with brain tumours produced by intracerebral 

administration of C6 glioma cells. This is not strictly as study of metastatic disease, 

but glioblastoma metastases are largely confined to the brain, and so it is reasonable to 

include these data here. 

 Caffarel et al.
39

 utilised MMTV-neu mice, which develop mammary tumours due to a 

selective overexpression of ErbB2 (Her2). These authors found that peritumoural 

treatment with either ∆
9
-THC or the CB2 selectve agonist JWH133 reduced tumour 

growth and the number of tumours per animal, adversely affected tumour angiogenesis 
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and reduced the number of animals with metastases to the lungs. A reduced 

phosphorylation of the survival factor Akt, a serine/threonine kinase, accompanied 

these changes.
39

  

The above two studies involved intratumoural administration of ∆
9
-THC, and are thus not 

be generalizable to systemic cancer treatment, although of course they are highly relevant 

to interventions of the type undertaken in the safety trial of ∆
9
-THC in glioma.

3
   

 In an orthotopic model (4T1 mammary cell carcinomas injected under the fourth 

major nipple of syngenic female BALB/c mice), CBD treatment was started after 

detection of the first palpable tumour (day 7 or thereabouts) and continued for three 

weeks.
64

 Both doses of CBD tested (1 mg/kg and 5 mg/kg i.p. daily) reduced primary 

tumour growth, but after a maximal effect on day 22 after injection of the 4T1 cells, 

the primary tumours caught up, so that the tumour weights were not significantly 

lower at the end of the experiment. However, the number of visible metastatic foci 

were lower at this time point.
64

 A reduction in metastic progression without lasting 

effect upon the primary tumour growth was also seen in a subsequent study by this 

group when CBD was given under a different dosing regime (3 times per week, this 

time when the cells were injected into the mammary fat pad between the second and 

third nipple), and found that metastatic foci ≥2 mm were greatly affected.
65

 

Two other studies are worthy of mention: 

 Aviello et al.
51

 investigated the number of aberrant crypt foci, polyps and tumours 

induced in the colon of mice treated repeatedly with azoxymethane. CBD (1 mg/kg 

i.p. three times per week starting 1 week before administration of the carcinogen) 

significantly reduced the incidence of all three parameters three months after the first 

injection of azoxymethane, and this was accompanised by a reduction back to near 

normal levels of phosphorylated Akt. A higher dose of CBD (5 mg/kg i.p., dosage 
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regime as above) produced a significant decrease in the number of polyps, but not the 

number of aberrant crypt foci or tumours.
51

 More recently, this group have 

demonstrated that a cannabis sativa extract with a high content of CBD (5 mg/kg i.p., 

dosage regime as above) also reduced dramatically the number of aberrant crypt foci 

and polyps, whereas the number of tumours were not significantly changed.
55

 

 In a toxicological study
66

, male and female Fischer rats and B6C3F1mice (7 weeks old 

at the start of the experiment) were given 0, 12.5, 25 or 50 (rat) or 0, 125, 250 and 500 

(mice) mg/kg ∆
9
-THC in corn oil by gavage, five times per week, for 2 years (n=60-70 

per group at the start of the experiments). The incidence of cancers at the end of the 

study was investigated. There was a general pattern of a reduced incidence of tumours 

(e.g. pancreatic and pituitary adenomas in male rats, mammary gland neoplasms in 

female rats; hepatocellular adenomas in male and female mice), albeit offset by an 

increased hyperplasia of the thyroid gland in both male and female rats. However, the 

dosage regimes were not without unwanted effects (raised follicle-stimulating 

hormone and luteinizing hormone levels in the male rats, convulsions and 

hyperactivity in both species), and the body weights were considerably lower in the 

∆
9
-THC treated animals than in the controls. The authors of the study were careful to 

point out that lower body weights of the ∆
9
-THC-treated animals might be a central 

factor with respect to the lower incidence of cancer.
66

 There are some epidemiological 

studies of the cancer incidence in cannabis users, but these are difficult to interpret 

with respect to ∆
9
-THC or CBD alone, given that the users will have been exposed to 

different amounts of the two compounds, and that the other components in the inhaled 

smoke are likely to be confounders. Deleterious effects of smoking are an issue in 

themselves, particularly in individuals self-medicating with cannabis for its perceived 

beneficial effects.  
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A general observation from the in vivo studies, be they xenografts, orthotopic or genetic 

models, is that the growth inhibition produced by ∆
9
-THC and/or CBD in vivo is not maximal. 

This means that the drug would need to be given with other anti-cancer treatments. This raises 

the question of drug interactions given the toxicity of many of the standard pharmacological 

treatments per se and the ability of CBD at submicromolar concentrations to inhibit several 

CYP-450 drug metabolic enzyme isoforms.
67

 Little has been done with multiple treatment 

regimes in vivo, and the two of the three studies found by this author used a xenograft rather 

than orthotopic approach. In the study of De Petrocellis et al.,
24

 xenograft tumour volume was 

measured in nude mice inoculated with either androgen-sensitive LNCaP or androgen-

resistent DU-145 prostate cancer cells. The animals were treated with a cannabis extract 

enriched in CBD (“CBD BDS”) (1, 10 or 100 mg/kg i.p. daily), with docetaxel (5 mg/kg i.v. 

once weekly) or bicalutamide (25 or 50 mg/kg p.o. three times per week), or with a 

combination of the high dose of CBD BDS with the other agents. In the first series using 

LNCaP cells, CBD BDS at the highest dose reduced tumour volume to a similar extent as 

seen for docetaxel, whereas the combination was ineffective. In the second experiment, no 

significant effect of CBD BDS or biculatamide was seen over the 35 day measurement span, 

but the combination reduced the tumour volume. Kaplan-Meier survival plots for the second 

experiment indicated that the group given CBD BDS + 25 mg/kg i.p. bicalutamide showed a 

significantly better prognosis than either animals given either vehicle or CBD BDS + 50 

mg/kg i.p. bicalutamide.
24

 When DU-145 cells were used, CBD BDS per se did not affect 

significantly tumour volume over a three month study period, but it potentiated the effect of 

docetaxel on the tumour volume.
24

 In the other study,
46

 tumour volume and weight was 

followed in nude mice inoculated with U87MG glioma cells and treated peritumourally with 

either ∆
9
-THC (15 mg/kg daily) or temozolomide (5 mg/kg daily). Tumour growth rate and 

weight at day 15 after the start of treatment were reduced by ∆
9
-THC and temozolomide alone 
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and essentially blocked by the combination of drugs. A similar result was found using T98G 

glioma cells. In the U76MG xenografts, the effect of 15 mg/kg ∆
9
-THC alone was essentially 

matched by the combination of an inactive dose of 7.5 mg/kg CBD + 7.5 mg/kg THC.
46 

The third study
57

 is a very recently reported investigation into the combination of 

irradiation with ∆
9
-THC + CBD in a syngenic orthotopic glioma model. In this study GL261 

glioma cells were inoculated into the brains of female C57BL/6 mice. ∆
9
-THC + CBD (both 2 

mg/kg) were given i.p. 9, 13 and 16 days after the tumour inoculation, and the irradiation (4 

Gy focussed to the head) was given on the 9 day time-point. Tumour volumes were measured 

by MRI 9, 13, 16 and 21 days after inoculation of the tumour cells. The irradiation per se did 

not affect tumour growth significantly, whereas the ∆
9
-THC + CBD produced a partial 

reduction in tumour growth. However, the combination of the irradiation and ∆
9
-THC + CBD 

almost completely blocked the tumour growth.
 57

 It would be interesting to determine whether 

the presence of ∆
9
-THC contributes to, or reduces, the efficacy of CBD in this model (or vice 

versa).  

 

CB RECEPTOR EXPRESSION AND FUNCTION IN HUMAN TUMOURS 

An important aspect of a given treatment strategy is that the target in question is present in the 

tumour tissue. CB1 and CB2 receptor levels have been investigated in a large number of 

tumours, and in general, higher levels are seen (on a group basis) in tumour tissue than in 

non-malignant tissue (review, see
11

), although of course there are exceptions to this rule (see 

e.g.
68

).  In some tumours, such as pancreatic (CB1
69

), prostate (CB1 
70

) cancers and squamous 

cell carcinoma (CB2 
71

), a high CB receptor expression is associated with a poor prognosis, 

whereas in hepatocellular carcinoma (CB1 and CB2 
72

) the reverse is seen. However, one 

common finding in the cancers is a large variability in receptor expression in the tumours. 

This is illustrated in Fig. 1 for 376 cases of prostate cancer. In the figure, the CB1 receptor 
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immunoreactive scores (a composite of immunostaining intensity and distribution, see the 

figure legend for a description) of the cases are stratified on the basis of their Gleason scores, 

a routine grading system based upon the morphology of the tumours, where a high score is 

associated with a poor prognosis. Although there is a significant positive correlation between 

the two measures
72

, there are cases with high CB1 scores and low Gleason scores, and vice 

versa (Figure 1). This very large variation presumably means that a CB receptor-targeted 

therapy would require prior tissue assay to make sure the patient in question expresses 

sufficient receptors for the treatment to be considered worthwhile. This is by no means a deal-

breaker – trastuzumab, for example, is used for the treatment of ErbB2 (Her2)-positive 

metastatic breast cancer – but it requires development of quality-controlled assays of CB 

receptor levels. The same is true for strategies utilising CB receptors as a target for the 

delivery of cytotoxic agents.
74

 

Why should tumour tissue overexpress CB receptors? In theory, it might be a homeostatic 

response to low local endocannabinoid levels. However, there is no evidence that this is the 

case - indeed, the tendency is for higher levels in the cancer tissue compared either to tissue 

from healthy controls or from non-malignant tissue obtained from the patient as an 

unavoidable part of the biopsy.
11 

An alternative possibility is that the high CB receptor 

expression triggers a survival pathway in response to local endocannabinoids, and is thus 

beneficial to the tumours. This suggestion finds some support in PC3 prostate cancer cells, 

where low concentrations of ∆
9
-THC and the metabolically stable AEA analogue R(+)-

methAEA  produce mitogenic effects accompanied by an increased phosphorylation of Akt
6
, 

and in astrocytomas transfected with CB receptors, where clones with high expression levels 

do not apoptose in response to the CB agonist CP55,940 (1 µM) as a result of activation of the 

Akt pathway.
75

 In prostate cancer tumour tissue, CB1 and phosphorylated Akt 

immunoreactive scores are positively correlated, and a statistical analysis of the data suggest a 
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causality CB1 → pAkt as being more likely than pAkt → CB1.
73

 However in unselected AT1 

rat prostate cancer cells transfected with the same CB1 receptor plasmid as in
75

, a high CB1 

receptor expression level does not confer a survival advantage in the presence of nanomolar 

concentrations of the CB receptor agonist CP55,940.
76

  

There is also some data implicating an epidermal growth factor receptor (EGFR) -  CB 

receptors axis in cancer. Hart et al.
44

 reported that CB receptor agonists, including ∆
9
-THC, 

produced a transactivation of EGFR in several different cancer cell lines. Further, these 

authors found that the ability of nanomolar concentrations of ∆
9
-THC to produce mitogenic 

responses in U373-MG glioblastoma and NCI.H292 lung carcinoma cells was blocked by an 

EGFR kinase inhibitor. The ability of cannabinoids to activate Akt was also blocked by this 

compound. Overproduction of an EGFR ligand, amphiregulin, is associated with the 

resistance of a rat C6 glioma subclone to micromolar concentrations of ∆
9
-THC.

61 
EGFR 

overactivity is commonly found in tumours, and in prostate cancer, and there is a positive 

correlation between pEGFR and CB1 receptor immunoreactive scores in tumour tissue.
76

 A 

Bayesian analysis of the data suggested that pEGFR may be upstream of CB1 receptors.
76

 

Whether the abnormal CB receptor levels in tumours is simply a reflection of an overactive 

EGFR pathway in these tumours, and that this results in activation of the Akt survival 

pathway in response to the local endocannabinoids, awaits elucidation. 

 

CONCLUSIONS 

As pointed out in the introduction, the translation of preclinical promise to clinical reality is 

very poor in oncology drug development,
11

 and this review has attempted to reduce a large 

body of data down to the bare bones: in vitro effects at pharmacologically relevant 

concentrations; in vivo effects in orthotopic and/or genetic models; expression of the target 

molecules in the tumours themselves. Based on this analysis it can be concluded: 
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 There is little to no evidence that systemically administered ∆
9
-THC has curative 

effects at relevant concentrations in vitro (Table 1) or in vivo models with good 

predictivity. This does not mean that it does not do it, only that such evidence is 

lacking. The mitogenic effects of low concentrations of ∆
9
-THC in vitro is, however, 

disconcerting.  

 ∆
9
-THC administered directly into tumours produces a reduction in tumour sizes in 

orthotopic / genetic mouse models,
2,39

 and a safety study in humans suggested that in 

glioblastoma multiforme, this route of administration is acceptable.
5
 Direct 

administration into the tumours allows the use of higher concentrations of ∆
9
-THC, so 

in this case the nanomolar restriction does not apply. There is general agreement that 

micromolar concentrations of THC are toxic to tumour cells, so the issues here are 

more those of induction of tolerance, mechanisms of resistance
44,60

, diffusion of the 

high concentration of the ∆
9
-THC into surrounding tissue, and optimisation of drug 

delivery (see e.g.
61

). However, it remains an attractive option to explore in primary 

tumours that are difficult to treat, such as glioblastoma. 

 Mitogenic effects of low doses of CBD are generally not seen, and the compound has 

potentially beneficial effects in an orthotopic model of breast cancer. The transient 

effect of this compound upon tumour size in this model
63,64

 is an issue that needs 

investigating. Potential explanations of this include tolerance to the effects of the drug 

and/or induction of CBD metabolising enzymes at the doses given. Drug interaction 

studies are necessary, both from a therapeutic and a safety standpoint.  ∆
9
-THC + 

CBD together with irradiation greatly decreases tumour growth in a glioma orthotopic 

model, at least up to 21 days after tumour cell implantation.
57

 A safety study with and 

oromucosal ∆
9
-THC:CBD spray together with temozolomide for patients with 

glioblastoma has been filed with ClinicalTrials.gov (NCT01812616), but this study 
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has not yet started (as of September 2014). The same is true for a phase 2 clinical trial 

on CBD as a monotherapy for solid tumours (NCT02255292). 

The analysis in this review is admittedly draconian, and has not considered the palliative 

uses of ∆
9
-THC and/or ∆

9
-THC/CBD in cancer, where there is more clinical data available. 

But it does illustrate an important point, namely that the public perception of cannabis as a 

wonder cure for cancer is not (yet) supported by the scientific literature. 
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Legends to Figures 

Figure 1  CB1 receptor immunoreactivity in prostate tumour tissue: relation to the Gleason 

score. The figure shows data for 376 cases  diagnosed with prostate cancer upon transurethral 

resection surgery for lower urinary tract symptoms. The tissue was obtained at surgery and 

the CB1 receptor immunoreactive scores thus represent the situation at diagnosis, rather than 

following treatment.  The CB1 receptor immunoreactive scores are composite scores (intensity 

on a scale 0-4, distribution at a given intensity 0, 25, 50, 75 or 100%).
72 

*P<0.05, **P<0.01, 

***P<0.0001, Dunn’s multiple comparison test for the comparisons shown following 

significant (P<0.0001) Kruskal-Wallis test. The dotted line represents the median for the 

entire data set. The number of cases below or equal to the median CB1 receptor 

immunoreactive score vs. those above the median score were 49 vs. 38, 71 vs.24, 32 vs.33 and 

34 vs. 95 for Gleason scores 4-5, 6, 7 and 8-10, respectively (Chi-square = 53.47, p<0.0001). 

Drawn from data in the database, originally reported in
72

. 
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Table 1  Effects of ∆9-THC and CBD at submicromolar concentrations upon cell viability, motility and invasivity in human immortalised 

cell lines 

 

Cell line(s) and THC/CBD 
incubation conditions 

Compound 
tested 

Findings Ref 

LNCaP prostate cancer 

cells, serum-free, 48 h 

incubation 

∆9-THC ↑ thymidine incorporation seen with max effect at 0.125-0.25 µM ∆9-THC, 

thereafter tailing off at 0.5 and 1 µM. Similar effect seen with R(+)-methAEA 

and HU-210 

45 

PC3 prostate cancer cells, 

serum-free, 48-72 h 

∆9-THC 50 and 100 nM, but not 250 nM ∆9-THC ↑ thymidine incorporation and cell 

viablity (MTT assay, 72 h). 100 nM ∆9-THC ↑ Akt phosphorylation, Erk 

phosphorlyation, Raf-1 translocation, and NGFR production (48 h). Experiments 

with rimonabant  and SR144528 and suggest involvement of both CB1 and CB2 

receptors. Similar results seen with 100 R(+)-methAEA 

6 

U373-MG glioblastoma cell 

line; NCI-H292 lung 

carcinoma cell line, serum-

free, 6-24 h 

∆9-THC 0.1 and 0.3 µM ∆9-THC ↑ thymidine incorporation (U373-MG cells, 18 h) and 

cell viability (MTT assay, NCI-H292, 24 h). Effects blocked by EGFR inhibitor 

AG1478. No apoptosis seen at 0.1-1 µM THC, but a significant increase at 4-10 

µM THC (NCI-H292, 6 h) 

44 

This article is protected by copyright. All rights reserved.



Cell line(s) and THC/CBD 
incubation conditions 

Compound 
tested 

Findings Ref 

SF126 glioblastoma cell 

line; 0.1% foetal bovine 

serum, 72 h 

∆9-THC ↑ cell viability (MTT assay) at 0.1 µM ∆9-THC, thereafter inhibition (IC50 value 

0.6 µM) 

25 

Glioma cells from biopsies 

from three patients with 

recurrent glioblastoma 

multiforme; 0.5% foetal 

bovine serum, 48 h 

∆9-THC no obvious effect on cell viability (trypan blue exclusion) at 0.5 µM, but large 

reduction at 2.5 µM. Biopsies expressed both CB1 and CB2 receptors, and the 

effect of 2.5 µM ∆9-THC was blocked by a combination of rimonabant + 

SR144528 

3 

Panc1, Capan2, BxPc3, 

MiaPaCa2 pancreatic cancer 

cell lines; 0-0.1% foetal 

bovine serum, 66 h 

∆9-THC Capan2 ↑ cell viability (Celltitre 96 assay) at 0.5 & 1µM ∆9-THC; Panc at 1 µM 

alone. No significant effect of 0.5 or 1 µM ∆9-THC on MiaPaCa2 and BxPc3 cell 

viability. All four cell lines show complete loss of cell viability after incubation 

with 3 and 4 µM ∆9-THC 

5 
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Cell line(s) and THC/CBD 
incubation conditions 

Compound 
tested 

Findings Ref 

MDA-MB231 breast cancer 

cell line; 0.1% foetal bovine 

serum, 72 h (cell viability),; 

serum-free, 20 h (invasivity) 

∆9-THC 

CBD 

↓  cell viability (MTT, 72 h): IC50 values TCA 1.2 µM, CBD 1.3 µM. Invasivity 

(Boyden chambera, 20h): no effect of ∆9-THC at 0.1 or 1 µM, ~50% reduction at 

1.5 µM; ~40, ~60 and ~90% reduction at 0.1, 1 and 1.5 µM CBD. CBD effect 

parallels reduction of 1d-1 expression, and ectopic expression of this protein 

blocks CBD invasivity 

29 

Granta 519 mantle cell 

lymphoma line, 24 & 48 h, 0 

or 10% serum 

∆9-THC presence of serum, 24 & 48 h: no effect on cell viability (propidium iodide 

staining) at either time point for THC in range 1.6-310 nM, ↓ at 6.3 µM. Absence 

of serum, 24 h, no effect of 31 nM ∆9-THC upon cell proliferation. The cells 

expressed CB1 receptors 

8 

HeLa cervical cancer cells, 

serum-free, 72 h 

∆9-THC 0.01, 0.1 and 1 µM ∆9-THC ↓ cell invasion index (Boyden chamberb). Effect of 1 

µM ∆9-THC blocked by AM251 + AM630, by inhibitors of p38 and p42/44 MAP 

kinase activation, and by siRNA to tissue inhibitor of matrix metalloproteinases-1 

47 
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Cell line(s) and THC/CBD 
incubation conditions 

Compound 
tested 

Findings Ref 

AV40-transformed human 

trabecular meshwork cell 

line, serum-free, 24 h or 

72 h (wound-healing assay) 

∆9-THC at concentration range 0.1 nM to 1 µM, no effects of ∆9-THC on cell viability 

(WST-1 assay). Significant ↓ cell migration (Boyden chamberc, wound-healing 

assay) with 0.01, 0.1 and 1 µM ∆9-THC. Effect ∆9-THC on migration 

accompanied by ↑ COX-2 expression and blocked by AM-251, AM630 and 

inhibition of COX-2 activity 

48 

A549 lung cancer cells, 

serum-free, 72 h 

CBD no effects of 0.01-1 µM CBD upon migration (Boyden chamberc) or cell viability 

(WST-1 assay); 0.1 and 1 µM CBD ↓ cell invasion index (Boyden chamberb). 

Effect of 1 µM CBD on invasivity reduced by AM251, AM630, capsazepine and 

by exogenous plasminogen activator inhibitor-1 

49 

SF126, U251 and U87 

glioblastoma, 72 h  

∆9-THC, CBD  cell viability (MTT assay): IC50 values 2.5-3.3 µM (∆9-THC) and 0.6-1.2 µM 

(CBD). In U251 cells, 2-way ANOVAs indicated significant interactions CBD + 

∆9-THC for combinations of IC20 and IC80 concentrations.d 1.7 µM ∆9-THC + 0.4 

M CBD: ↑ annexin-positive cells, reduced by SR144528, blocked by  α-

tocopherol. Combination also ↑ reactive oxygen species. Cell invasion (Boyden 

chambera): U251 cells IC50 values ~85 nM (∆9-THC), ~130 nM (CBD). No 

synergistic effects reported for combination of 100 nM. 

50 

This article is protected by copyright. All rights reserved.



Cell line(s) and THC/CBD 
incubation conditions 

Compound 
tested 

Findings Ref 

THC-“sensitive” (Gos3, 

U87, A172, SW1783, U118) 

and “resistant” (U373, T98, 

SW1088, CCF, LN405) 

glioma cell lines, serum-

free, 72 h 

∆9-THC possible ↑ cell viability (MTT assay) for some cell lines (e.g. T98), not for others 

(e.g. SW1088) at 0.5 µM ∆9-THC. ”Sensitive” lines were completely inhibited at 

3 µM (IC50 <2.5µM), all ”resistant” lines except LN405 (40% reduction) at 4 µM 

(IC50 >2.5 µM). 

7 

U87MG glioma, serum free, 

72 h  

∆9-THC, CBD  IC50 values for inhibition of cell viability (MTT assay) 1.2 µM (∆9-THC) and 1.5 

µM (CBD)e. No significant increase in cell viability seen at low concentrations. 

Combination of 0.9 µM THC + 0.9 µM CBD ↓ cell viability ~20%, whereas 

compounds per se had no significant effect. Similar result for SW1783 cells, and 

for combination of ∆9-THC with temozolomide (25-75 µM). Effect of ∆9-

THC/CBD combination not seen in cells where autophagy or apoptosis is 

compromised 

46 

CaCo-2 and HCT116 colon 

adenocarcinoma cells, 

serum-free, 24 h 

CBD cell viability: no effect 0.01-10 µM CBD (neutral red uptake assay); no effect at 

0.01-1 µM, modest reduction at 10 µM CBD (MTT assay). Thymidine 

incorporation: CaCo-2 cells show ↓ at 0.1, 1 and 10 µM, HCT116 cells only at 10 

µM CBD 
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Cell line(s) and THC/CBD 
incubation conditions 

Compound 
tested 

Findings Ref 

Karposi sarcoma-associated 

herpes virus-infected human 

dermal microvascular 

endothelial cells, 0.5% BSA, 

24 h 

CBD concentration dependent apoptosis (in situ cell death detection kit), seen at CBD 

concentrations ≥0.25 µM. Apotosis in infected cells greater than in uninfected 

cells at CBD ≤1 µM. Same level of apoptosis (~75%) for infected and uninfected 

at 2-10 µM CBD. Cell proliferation (Celltitre 96 assay): no effect of 1 µM, ↓ at 

higher concentrations, with greater effect on infected cells than uninfected cells 

52 

Human primary lung 

carcinoma cells from a brain 

metastasis, serum-free, 48 h 

CBD concentration-dependent ↓ cell viability (WST-1 assay); significant effects seen 

at all concentrations tested (1 nM - 3 µM; IC50 0.12 µM). Maximum effect (~70% 

reduction in viability) seen at 1 µM. Effect of 3 µM reduced by COX-2 and 

PPARγ inhibitors. CBD less potent in A549 and H460 lung carcinoma cells (IC50 

3.5 and 2.8 µM, respectively). 

53 

U87MG glioma cell line, 

serum-free, 24 h 

CBD no effect of 0.5 µM CBD, large ↓ at 1-12 µM upon cell invasion (BioCoat 

Matrigel invasion chamber)f 

54 

DLD-1 and HCT 116 

epithelial colon 

adenocarcinoma cells, 

serum-free, 24 h 

CBD no significant effect on cell viability (MTT assay) at 0.3, 1 µM, ↓ at 5 µM (and 3 

µM for DLD-1 cells) 
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Cell line(s) and THC/CBD 
incubation conditions 

Compound 
tested 

Findings Ref 

RPMI 8226 and U266 

myeloma cells, 10% serumg, 

72 h 

CBD no effect upon cell viability (MTT assay) at 0.3 and 1 µM, ↓ at higher 

concentrations 

56 

CaCo-2 colorectal 

adenocarcinoma cells, 1% or 

5% serum, 72 h 

CBD serum-dependent effects in proliferating cells: At 1% serum, an increased cell 

viability (XTT assay) was seen at <1 µM CBD, ↓ at higher concentrations. At 5% 

serum, only the inhibition was seen. The curves for assays undertaken using 

physiological O2 concentrations were leftward shifted compared with those at 

atmospheric O2 concentrations. No effects of CBD were noted on post-confluent 

cells. In presence of 0.5 mM butyrate and 8% serum, 0.16 µM CBD ↑ cell 

proliferation (CyQuant assay), whereas it is blocked by 10 µM CBD 

32 

Human T98G, U87MG and 

mouse GL261 glioma cells, 

5% serum, 48 h 

THC, CBD and 

botanical 

preparations 

No obvious effects (mean values in the range 90-115% of control) of the 

compounds at 0.5 or 1 µM upon cell proliferation (resazurin reduction assay). 

The compounds were inhibitory at higher concentrations. 

57 
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Cell viability assays used are indicated throughout. Notes: aMatrigel-coated transwells; conditioned medium from fibroblasts used as 

chemoattractant. bMatrigel-coated transwells; 10% serum used as chemoattractant. cuncoated transwells; 10% serum used as chemoattractant. 

d1.7/0.4 and 5.4/0.9 1.7/0.4 and 5.4/0.9 (∆9-THC/CBD) (∆9-THC/CBD) µM, respectively. Significant interaction also seen in SF126 cells, but the 

CBD and ∆9-THC concentrations used were both >1 µM. eConcentrations given in µg/ml in the paper. fComplete medium as the chemoattractant. 

gNo information given as to whether or not there was a reduction in serum levels during the CBD incubations. 
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