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ABSTRACT

The current standard-of-care treatment regimens for cancer frequently have serious and 
irreversible adverse effects. Ideally, therapeutic modalities should help control symptoms 
and improve the patient’s quality of life while causing minimal or no toxic effects. In this 
regard, it is worth examining cannabidiol (CBD) for its potential anticancer properties. 
CBD may possess antitumor activity through several mechanisms, including regulating 
reactive oxygen species, endoplasmic reticulum stress, inflammation, and immune 
modulation. In addition, pre-clinical studies indicate that CBD is a potential modulator 
of growth factors and induces apoptosis in tumor cells. This review summarizes the 
evidence regarding the effects of CBD as a non-toxic adjuvant in cancer care.
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INTRODUCTION

Cancer is one of the leading causes of death 
worldwide and the first or second leading cause in 
people younger than 70 in 112 countries.1 Lifestyle 
habits associated with increased cancer risk, such 
as tobacco, obesity, low physical activity, alcohol, 
processed food, and other dietary/nutritional issues, 
have become more prevalent and may have led to 
an increased incidence of this condition.

Limitations of ineffective treatment options 
for cancer that have few side effects provide 
a challenge to both physicians and patients. 
Chemotherapy is a non-targeted treatment that 
damages both healthy and malignant cells. In 
addition to significant failure rates, studies show 
that 80% of patients experience nausea, hair loss, 
and fatigue during their chemotherapy regimen.2 
In one study, 46% of patients considered stopping 
treatment by the sixth cycle of chemotherapy. 
Patients treated with high-dose cyclophosphamide, 
thiotepa, and carboplatin (CTC) chemotherapy 
have a greater decline in cognitive performance 
than patients in standard-dose 5-fluorouracil, 
epirubicin, and cyclophosphamide (FEC) chemo-
therapy when compared with healthy controls.3 
A variety of outcomes, such as quality of life, 
cancer cell death, tumor size, and survival, have 
been evaluated to determine if adjunctive treat-
ment based on food and other natural products can 
reduce toxicity and improve the efficacy of current 
therapies.4,5 Some adjunctive natural treatments 
such as acupuncture, yoga, mindfulness, high-dose 
vitamin C, and herbals have been associated with 
improved quality of life6–8 and possibly contribute 
to prolonged survival.9

The authors support the notion that cancer 
originates mostly from disturbances in energy 
production10 and that the genetic changes observed 
with cancer originate from these metabolic derange-
ments.11 Over the last decades, pre-clinical studies 
suggest a role for cannabidiol (CBD) in regulat-
ing biological processes of mitochondria such as 
respiration and bioenergetics, epigenetics, apopto-
sis, mitochondrial fission, fusion, and biogenesis.12 
Despite gaps in our knowledge about the magnitude 
and direction of these effects, emerging data sup-
port the notion that CBD modulates mitochondrial 

function and morphology in a dose-dependent 
way, inducing oxidative stress at higher CBD 
concentrations.13

THE ENDOCANNABINOID SYSTEM

The endocannabinoid system (ECS) is present 
in all mammalian species and is thought to be a 
crucial modulator of homeostasis. The ECS is 
an extensive network of cannabinoid molecules, 
enzymes, and receptors produced on demand in 
the central nervous system. It works retrograde 
to modulate several processes, including neuro-
nal differentiation and migration and cognitive 
and physiological processes.14 Furthermore, at a 
systemic level, the ECS regulates aspects of vari-
ous physiological, behavioral, immunological, and 
metabolic functions.15 The CB1 receptors are by 
far the most abundant G-protein coupled receptors 
in the central nervous system, and there are several 
endocannabinoids in the brain. The first endocan-
nabinoid discovered was anandamide. The CB2 
receptors are predominantly expressed in immune 
cells where activation results in anti-inflammatory 
and antispasmodic action in the intestines and 
immunosuppressant function.16

In addition to CB1 and CB2, cannabinoids can act 
through transient receptor potential (TRP) channels 
and peroxisome proliferator-activated receptors 
(PPARs).

The ECS influences the nervous and immune sys-
tems, mitochondrial energy, and other metabolic 
processes. The modulation of metabolic pathways 
and/or agonism or antagonism of the receptors 
of the ECS offer promising opportunities for 
developing novel therapeutic options for various 
conditions. Research regarding the components of 
the ECS and various cannabinoids is very active 
and promising in diseases such as mood and 
anxiety disorders, pain management, inflamma-
tion, cardiovascular disorders, diabetes, stroke, 
neurological and neurodegenerative disorders, 
schizophrenia, epilepsy, autoimmune diseases, and 
cancer.17
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The ECS is altered in several types of cancers, 
including breast, glioma, leukemia, and lung cancer. 
Furthermore, these alterations have been associated 
with prognosis and outcome,18 implying that ECS 
may have a role in tumor growth and progression 
since CBD may exert anticancer activity by inhibit-
ing the proliferation, angiogenesis migration, and 
invasion19 of cancer cells. Thus, ECS’s potential to 
affect cancer outcomes needs to be studied further 
to ascertain more fully.

PHYTOCANNABINOIDS

Phytocannabinoids are natural terpenoids or pheno-
lic compounds derived from Cannabis sativa that 
can interact with the ECS.20 Cannabis has generally 
been considered a safe and effective therapeutic 
botanical remedy since ancient times.21 Between 
1840 and 1900, the European and American Journal 
of Medicine and Science published over 100 arti-
cles on the therapeutic use of cannabis. However, 
federal legislation that outlawed sales of alcohol 
from 1920 to 1933 was followed by other federal 
laws that initially taxed (1937) and subsequently 
classified cannabis as a controlled substance since 
the approval of the Federal Controlled Substance 
Act (CSA) in 1970. Cannabis was included in 
the American Pharmacopeia until 1942. In 1964, 
the structure of tetrahydrocannabinol (THC) was 
determined in Israel by Mechoulam and Gaoni.22 
Decades later, in the United States, several states 
approved local legislation to allow the medical use 
of cannabis. Currently, the medical use of canna-
bis is legal in 36 states. In 2018 the Farm Bill was 
approved, removing hemp from the definition of 
marijuana in the CSA.23 Cannabis is also available 
by prescription in Canada, the Netherlands, Israel, 
and Germany.19,20,24 The European Union (EU) 

recently proclaimed that all EU citizens must be 
granted access to medical cannabis within the next 
4 years.25

CBD is the second most common phytocan-
nabinoid in cannabis and the most common in the 
hemp plant. The CBD molecule is shown with 
a tetrahydro-biphenyl skeleton formed by the 
monoterpene, p-cymene (Figure 1). CBD can be 
converted into Δ9-THC (THC) via an acid-cata-
lyzed reaction.26

CBD does not necessarily act through the canna-
binoid type 1 (CB1) receptor but has many other 
receptors and action sites.27 CBD has reduced bind-
ing affinity for either CB1 or CB2 receptors, but it 
can antagonize them in the presence of THC.28

CBD has been shown to modulate the tumor micro-
environment, reducing the secretion of cytokines 
from cancer cells. Decreased recruitment of macro-
phages from the tumor microenvironment by cancer 
cells suppresses angiogenesis within the tumor, 
limiting the supply of oxygen and nutrients needed 
for tumor growth.29 In vitro and in vivo models sup-
port multiple antiangiogenic mechanisms associated 
with downregulating several angiogenesis-related 
molecules by broadly influencing several pathways 
involved in this process. These include modification 
of the expression pattern of angiogenesis-related 
proteins, inhibition of endothelial morphogenesis, 
and outgrowth of capillary-like structures. Its 
double action on both tumor and endothelial cells 
suggests that CBD could be an effective cancer 
therapy agent.30

CBD, by itself or with other agents, has been found 
to induce cell death, inhibit cell migration and 
invasion in vitro, reduce tumor size, vasculariza-
tion, growth, and weight, and increase survival 
and stimulate tumor regression in vivo.31–38 CBD 
may have multitargeted actions in cancer, such as 

p-cymene CBD THC 

Figure 1:  Cannabinoids and terpenes.
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antiproliferative, pro-apoptotic, cytotoxic, anti-
invasive, anti-antiangiogenic, anti-inflammatory, 
and immunomodulatory effects.39,40 In addition, a 
case series showed increased median survival in 
glioblastoma patients using CBD,41 and a system-
atic review concluded that CBD is relatively safe.42

CBD PHARMACOKINETICS

The pharmacokinetics of CBD depending on the 
method of administration.

The primary route used in controlled human studies 
is oral administration in doses ranging from 20 to 
6,000 mg. The mean time to maximum concentra-
tion (T

max
) for oral administration ranged from 1 to 

6.13 h post-ingestion43 because of inter-individual 
variations in metabolizing enzymes.

Epidiolex® is a CBD isolate product undergo-
ing meticulous pharmacokinetic evaluation and 
testing in clinical trials.43 The US FDA approved 
it for the treatment of intractable childhood-onset 
seizures. One study evaluated the pharmacoki-
netics of oral CBD in healthy adults and found 
that a single administration of Epidiolex® had a 
T

max
 range of 3–5 h.44 The half-life (t

½
) of CBD 

(Epidiolex®) after a single dose has been reported 
to be 10–17 h.44 However, in children with chronic 
dosing for treatment-resistant epilepsy, the half-life 
of CBD (Epidiolex) was found to be between 21.6 
and 33.5 h.45

The half-life for an oromucosal spray is 1.4–10.9 h; 
for intravenous administration, 24 h; and for oral 
administration, 2–5 days.46 Despite the substantial 
therapeutic potential of CBD, its development by 
the pharmaceutical industry as an effective drug 
needs to be improved by inherent attributes of its 
chemistry, such as low bioavailability, low water 
solubility, and irregular pharmacokinetic profiles.46 
CBD is generally consumed in over-the-counter 
products that are of undetermined composition.

CBD products can be classified into three main 
groups: (1) CBD isolate, the purified form of CBD; 
(2) full-spectrum hemp extracts containing CBD 
and other naturally occurring phytocompounds in 
the cannabis plant, such as terpenes and other can-
nabinoids (by legal definition, full-spectrum hemp 

extracts cannot contain more than 0.3% THC); (3) 
broad-spectrum CBD, which is similar to full spec-
trum, but lacks THC.47,48

Extensive research has been published about the 
potential therapeutic value of cannabis and its com-
ponents in cancer.21 Important work has also been 
done about the entourage effect, whereby the mul-
tiple naturally occurring components of the whole 
plant, including cannabinoids, terpenoids, and 
flavonoids, work synergistically to produce unique 
effects and benefits.49,50 However, the entourage 
effect is a phenomenon that requires CBD products 
derived from full-spectrum hemp (or cannabis) and 
is not a feature of CBD isolates.

Various formulations, such as self-emulsifying 
drug delivery systems, improved crystal formula-
tions, and other solid-state delivery formulations, 
are being explored to improve the reliability of the 
intended effect.46 However, at this time, it is too 
early to determine a clear advantage of any dosage 
delivery form in managing cancer.

EFFECT OF CBD ON 
TUMORIGENESIS

The potential antitumor activity of CBD relates to its 
regulation of reactive oxygen species (ROS), endo-
plasmic reticulum (ER) stress, inflammation, and 
immune modulation.51 CBD is occasionally used 
in palliative care in oncology patients to stimulate 
appetite and reduce pain and nausea associated with 
cancer treatment. However, the evidence of the level 
of efficacy in the variety of reported benefits needs 
to be further investigated in this area, and active 
research is currently underway.52

Pre-clinical studies suggest CBD possesses antip-
roliferative and pro-apoptotic effects and inhibits 
cancer cell migration, adhesion, and invasion. 
Recent evidence regarding the efficacy of CBD in 
the modulation of tumorigenesis in several types 
of cancer has demonstrated important in vitro and 
in vivo effects on tumor cell proliferation, viability, 
and invasion; ROS production; and molecular cell 
signaling in breast, glioma, leukemia, lung thyroid, 
and colon cancer models.53 In addition, CBD has 
been found to downregulate the expression of the 
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pro-metastatic gene inhibitor.54 Also, in vitro studies 
revealed that CBD inhibits angiogenesis by mul-
tiple mechanisms, showing effects on migration, 
invasion, sprouting, and angiogenesis.55

CBD is thought to influence the ECS by inhib-
iting fatty acid amide hydrolase (FAAH), the 
catabolizing enzyme for the endocannabinoid 
anandamide.56 CBD may also antagonize CB1/
CB2 agonists at the nanomolar range.57 In addi-
tion, there is evidence that CBD also activates 
5-HT1A/2A/3A serotonergic and vanilloid 
receptors, antagonizes alpha-1 adrenergic and 
μ-opioid receptors, and inhibits synaptic uptake of 
noradrenaline, dopamine, serotonin, and gamma-
aminobutyric acid (GABA).58–61 Other studies 
indicate that it affects mitochondrial activities, 
including calcium influx.

There are many in vitro and in vivo studies sup-
porting the anticancer effects of CBD, and also 
clinical studies in glioma, breast cancer, colorectal 
cancer, leukemia/lymphoma, prostate cancer, and 
other cancers, which have been summarized by 
Seltzer et al.51

CBD AND MITOCHONDRIAL 
REGULATION

CBD and other cannabinoids exert various biologi-
cal effects in the mitochondria by receptor- and 
non-receptor-mediated mechanisms. The effects 
on the mitochondria can be related to alterations in 
the mitochondrial membranes or an indirect effect 
on the cell membrane CB1.62 Most cancer cells use 
aerobic glycolysis. Aerobic glycolysis increases 
glucose uptake and lactic acid production and 
drives the expression of gene profiles necessary 
for glycolysis.63 Aerobic respiration or oxidative 
phosphorylation (Krebs cycle and electron trans-
port system), which occurs in the mitochondria, is 
much more efficient and produces more energy than 
anaerobic respiration (glycolysis) in the cytoplasm. 
The energy surplus produced by the mitochondria 
provides the necessary energy to promote and sus-
tain the differentiated state.

Mitochondrial dysfunction may contribute to 
malignant transformation via three mechanisms: 

(1) increased mitochondrial ROS production64; 
(2) abnormal accumulation of mitochondrial 
metabolites such as fumarate, succinate, and 
2-hydroxyglutarate65; and (3) functional deficits in 
mitochondrial outer membrane permeabilization 
(MOMP) that allow for the survival of malignant 
precursors.44 Increased ROS favors the accumula-
tion of potentially oncogenic DNA defects and 
activation of potentially oncogenic signaling path-
ways. In addition, malignant cells usually require 
defects in MOMP to evade regulated cell death 
(RCD).66

A recent study demonstrated that CBD could 
attenuate rodent oxygen-glucose deprivation and 
reperfusion (OGD/R) by improving mitochondrial 
energy metabolism and normalizing hypoxia-
induced oxidative stress.67 CBD supplementation 
was studied using a hippocampal neuronal cell 
line and showed damage attenuation by oxygen-
glucose-deprivation/reperfusion (OGD/R)-induced 
cell death. CBD also attenuated intracellular ROS 
generation and lipid peroxidation, reversing the 
abnormal changes in antioxidant biomarkers.68

There are some studies on the effect of CBD 
on mitochondrial function leading to anticancer 
effects that show promising results. One study used 
cultured gastrointestinal cancer cells to observe the 
potential modulating effect on mitochondrial respi-
ration. Administration of 4 μM CBD reduced basal 
respiration rate and ATP production in tumor cells.12 
In addition, CBD decreased cancer proliferation in 
mouse tumor cells. Other in vitro studies have dem-
onstrated that CBD treatment leads to a biphasic 
increase in intracellular calcium levels and changes 
in mitochondrial function and morphology, result-
ing in cell death. The molecular target of CBD for 
this effect is the mitochondrial voltage-dependent 
anion channel 1 (VDAC1).69

CBD AND CANCER GENE 
EXPRESSION

Cancer cells overexpress multiple genes that are 
involved in growth and proliferation. For this 
reason, modulation of gene expression in tumor 
cells can decrease proliferation and tumor growth. 
Studies suggest that CBD can modulate gene 
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expression. ID-1, a helix-loop-helix protein that 
plays a prominent role in tumor cell proliferation 
and progression, is one of the most extensively 
studied transcription factors associated with tumor 
cells.70 ID-1 is important in endothelial cell pro-
liferation and indicates that ID-1 represses p16 
expression, resulting in delayed senescence, which 
may have implications for developing endothelial-
derived tumors.71 In addition, western blot analysis 
of ID-1 was performed in 15 pairs of gastric cancer 
tissues compared to adjacent tissue. ID-1 was more 
expressed in 11/15 cancer tissues than in adjacent 
tissues. It was concluded that the ID-1 protein 
might play an important role in gastric carcino-
genesis, and high-level ID-1 expression may be 
associated with the malignant potential of tumor 
cells.72

Functional studies have shown that ID-1 is required 
for tumor-initiating functions that lead to metasta-
ses in the lung.70 Downregulation of ID-1 in vivo 
cells inhibited tumor progression.54 ID-1 protein 
is overexpressed in more than 20 types of cancer 
and can promote tumorigenesis in a broad range of 
tissues. In addition, ID-1 expression protects cells 
from apoptosis during chemotherapy by regulating 
the Raf-1/MAPK and JNK pathways.73

Multiple studies have shown that CBD down-
regulates the promoter sequence of the ID-1 gene, 
inhibiting the production of ID-1 protein.54,74 It has 
been theorized that a decrease in ID-1 protein leads 
to the downregulation of growth-promoting and 
invasion-promoting genes. CBD is, therefore, the 
first non-toxic agent shown to have a downregu-
lating effect on ID-1 expression.74 CBD has also 
been shown to upregulate the expression of GDF15 
(growth differentiation factor 15), a cytokine asso-
ciated with tissue differentiation, and to inhibit the 
expression of a transcriptional activator involved in 
cell proliferation that is upregulated in several types 
of cancer. These findings suggest that CBD can 
modulate the proliferation of cancer cells.54

CBD AND GROWTH FACTORS

For a tumor to grow, it needs to generate new blood 
vessels. Growth factors that facilitate angiogenesis, 
therefore, may promote tumor progression. CBD 

has been shown in an animal model to reduce breast 
cancer growth by inhibiting epidermal growth 
factor (EGF).75 Epidermal growth-factor receptor 
(EGFR), a growth-factor receptor for a tyrosine 
kinase, is commonly overexpressed in multiple 
cancer types and promotes tumor growth.76 A study 
of gene expression in non-small cell lung cancer 
patients found that THC and CBD inhibited the 
expression of EGFR in lung cancer cells, poten-
tially reducing metastasis.77

CBD AND CANCER CELL 
APOPTOSIS

TP53 is a tumor suppressor gene that is heavily 
involved in cell cycle regulation.78,79 When p53 
detects cellular DNA damage, it terminates the cell 
cycle and stimulates apoptosis.78 Loss of p53 func-
tion results in uncontrolled cell proliferation and 
tumor cell resistance to apoptosis. CBD has been 
shown to inhibit human lung cancer cells. CBD 
treatment upregulates apoptosis-related proteins, 
such as p53, and several others, indicating that 
CBD regulates several types of cell death.80

Tumor cell studies with various concentrations 
of CBD resulted in the reduction of viable tumor 
cells.81 Similar results were found in an animal 
model where CBD caused a dose-dependent 
decrease in viable tumor cells. CBD was found 
to induce apoptosis in tumor cells in the gastric 
epithelial lining but spared normal gastric epithelial 
cells.82 CBD has been found to increase the genera-
tion of ROS and facilitate apoptosis and autophagy. 
The intricate interplay between apoptosis and 
autophagy in CBD-treated breast cancer cells plays 
an important role in its antineoplastic effects.83

CBD AND EXOSOMES

Exosomes are cup-shaped microvesicles that 
mediate cellular communication.84,85 Interestingly, 
the volume of exosomes released by tumor cells 
is higher than in normal cells. Tumor cells use 
exosomes to share proteins and genetic mate-
rial contributing to their malignancy and growth, 
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including a protein that counteracts the effects of 
cancer treatment. These exosomes also interact 
with the immune system to shield cancer cells from 
detection.86 Studies have shown that CBD reduces 
the number of exosome microvesicles containing 
specific pro-oncogenic proteins and increases those 
containing anti-oncogenic proteins. It has been 
proposed that the anticancer effects of CBD are 
partly due to its regulatory effects on the biogen-
esis of exosome microvesicles. The modulating 
effects of CBD on exosome release were found to 
be dose-dependent and cancer cell type-specific. 
Mitochondrial function and protein expression 
changes may be responsible for sensitizing cancer 
cells to chemotherapy.87 These effects were greater 
with CBD than with the antineoplastic drug temo-
zolomide used to treat glioblastoma.88

Studies have shown that, at concentrations of 5 μM, 
CBD can block 50% of exosome release in some 
prostate cancer, hepatocellular carcinoma, and 
breast adenocarcinoma cell lines.87,88 These concen-
trations are clinically achievable when using higher 
oral doses. A phase I randomized placebo-con-
trolled dose escalation study evaluated three dose 
levels (5 mg/kg, 10 mg/kg, and 20 mg/kg) of CBD. 
The highest dose achieved plasma concentrations 
of 1,100 ng/mL, equivalent to 3.5 μM.89 Another 
pharmacokinetic study with human subjects dem-
onstrated that oral administration could achieve or 
exceed these concentrations. The use of CBD doses 
of 750 to 1500 mg was tolerated. Some patients 
experienced mild adverse effects but reported no 
severe adverse effects.44

The inhibition of exosomes by CBD is selec-
tive to the membrane of cancer cells. A study that 
investigated the synergistic effect of a mixture of 
different cannabinoids, including THC, cannabig-
erol (CBG), cannabinol (CBN), and CBD on human 
breast cancer cell lines found that the combination 
produced cell cycle arrest followed by the induction 
of apoptosis without producing adverse effects in 
normal cells.90 CBD inhibition of exosome release 
is dose-dependent. Effects of inhibiting exosome 
release varied by cancer type, but the net effect was 
that CBD led to slower cancer growth and increased 
susceptibility to cancer treatment.91,92 Compared 
to other exosome inhibitors, CBD had a stronger 
inhibitory effect in some cancers than even the most 
potent pharmaceutical exosome inhibitors.87

CBD AND CHEMOTHERAPY

Because CBD has low aqueous solubility and is 
highly sensitive to the effects of light, temperature, 
and oxidation,93,94 it is challenging to design formu-
lations that enable its use along with chemotherapy 
regimens. Microencapsulation and nanoparticles 
have been examined to overcome these challenges. 
Microencapsulation also allows for the prolongation 
of antitumor activity after a single administration.

An in vitro study examined the effects of CBD-
enriched microparticles and chemotherapy on 
estrogen receptor-positive and estrogen, progesterone, 
and HER-2 receptor-negative (triple-negative) breast 
cancer cells. Combining CBD with paclitaxel (PTX) 
or doxorubicin (DOX) heightened the effects of the 
antineoplastic agents on all cancer cell types, poten-
tially allowing for a lower dose of chemotherapy. The 
study concluded that CBD-containing microparticles 
had a synergistic effect with both PTX and DOX.95

In another experimental study, CBD microparticles 
used as a monotherapy reduced ovarian antitumor 
activity for at least 10 days, showing an approxi-
mate 1.5-fold decrease in tumor growth compared 
to untreated cells.96 The combination of PTX and 
10 μM of CBD showed an 8- to 10-fold decrease in 
PTX IC

50
 (half maximal inhibitory concentration). 

PTX treatment alone reduced tumor cell growth 
1.5-fold, but in combination with daily CBD and a 
one-time administration of CBD monotherapy, tumor 
growth inhibition was 2-fold that of untreated cells. 
Pre-clinical research has shown that a polymeric 
nanoparticle form of CBD had better antiproliferative 
activity in ovarian cancer cells than a CBD solution.97 
Other studies have similar outcomes in glioblastoma 
cells, which showed increased sensitivity to che-
motherapeutic agents (carmustine, temozolomide, 
doxorubicin, and cisplatin) with the use of CBD.98,99

CONCLUSION

CBD may have analgesic, antinausea, and anx-
iolytic properties that could be useful to cancer 
treatment patients. Pre-clinical studies suggest CBD 
may also have anticancer activity through various 
mechanisms. It has been found to inhibit the release 
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of exosomes from tumor cells that contribute to 
their malignancy and growth. In addition, CBD can 
be used to sensitize cancer cells to chemotherapy. 
Studies have also shown that CBD may lower the 
toxicity of some cancer chemotherapeutic com-
pounds and may have a synergistic effect when 
combined with chemotherapy.

Considering that most currently available treat-
ment options for cancer are invasive and have 
harsh adverse effects, it must be a priority that we 
examine new, safer alternatives to enhance con-
ventional cancer care. The pre-clinical evidence for 
CBD in cancer warrants further clinical trials. Some 
prospective randomized trials are underway.100
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