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Abstract 

Cancer comes in second place on the list of causes of death worldwide. In 2018, the 5-year prevalence of breast 
cancer (BC), prostate cancer (PC), and colorectal cancer (CRC) were 30%, 12.3%, and 10.9%, respectively. Cannabi-
noids are chemicals derived from the Cannabis sativa plant; the most investigated cannabinoids are cannabinol, delta 
9-tetrahydrocannabinol (∆9-THC), and cannabidiol. In humans, the endogenous endocannabinoid system consists 
of endocannabinoids, cannabinoids receptors (CBs), and enzymes that degrade the endocannabinoids. In this review, 
we will review the most recent literature for evidence that discusses the role of cannabis in the treatment of the three 
types of neoplasms mentioned. Studies have proved that BC cells express CB receptors; many in-vivo studies showed 
that cannabinoids cause apoptosis and inhibit proliferation and migration. Also, researchers found that treating BC 
mice with THC and JWH-133 (CB2 receptor agonist) slowed the tumor growth. Regarding CRC, cannabidiol was found 
to decrease the viability of chemotherapy-resistant CRC cells and inhibit metastasis by antagonizing the G-protein-
coupled receptor 55 (GPR55; a novel cannabinoid receptor) necessary for metastasis. Moreover, cannabidiol had 
anti-angiogenetic effects by reducing the expression of vascular endothelial growth factor (VEGF) in addition to anti-
inflammatory effects. Finally, studies demonstrated that PC cells highly express CB1 and CB2 receptors and that can-
nabinoids are capable of inhibiting the release of exosomes and microvesicles related to cancer progression. Cannabi-
noids also have antiproliferative, anti-invasive, anti-fibroblastic, cell cycle arrest, and proapoptotic effects on PC cells.
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Introduction

Cancer is the second most common cause of death 

worldwide. In 2018, 9.6 million deaths were attributed 

to cancer while 18 million new cancer cases were diag-

nosed. By 2030, deaths and new cases are expected to 

increase by 37.9% and 36.3%, respectively. Breast (30%) 

and prostate (17.7%) cancers (BC and PC) are the most 

prevalent in females and males, respectively, while colo-

rectal cancer (CRC) is the second most prevalent cancer 

in both sexes (Ferlay et al. 2019).

In 2018, over 600,000 women and 350,000 men died 

due to BC (number one cancer killer in females) and PC 
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(number five cancer killer in males), respectively. In the 

same year, BC was the most occurring among women 

with an incidence of over two million women diagnosed, 

and PC was the second most occurring in men with an 

incidence of 1.2 million new cases. In the same year, 

the 5-year prevalence of BC was approximately 30% of 

all female cancer patients and the 5-year prevalence of 

PC was 12.3% among males. CRC was the fourth lead-

ing cause of cancer-related deaths in males, the  3rd in 

females, and the  2nd in both sexes. Also, CRC had an 

incidence of 1.8 million new cases making it the  3rd most 

occurring in both sexes with a 5-year prevalence of 10.9% 

(Ferlay et al. 2019).

�e most evident risk factors of BC include obesity, 

using combined estrogen and progestin hormones after 

menopause, alcohol consumption, early menarche, late 

menopause, family history of BC, and genetic predispo-

sition especially BRCA1 and BRCA2 mutations (Fried-

man et al. 2006, Smith-Warner et al. 1998, Tamimi et al. 

2016). �e most clinically evident complication of BC is 

metastasis and the most common site is the bone (Ken-

necke et  al. 2010, Xiao et  al. 2018). For PC, the most 

evident and researched risk factors are age which has a 

direct relationship with the risk of developing PC, eth-

nicity (making the highest risk among African Ameri-

cans), in addition to family history (Cuzick et al. 2014, 

Markozannes et al. 2016). PC has a very high chance of 

metastasis compared with other neoplasms, especially 

to the bones (Bubendorf et al. 2000, Harada et al. 1992). 

CRC has many risk factors; the most important and 

well-evident ones are gender (males have an increased 

risk), age (direct relationship with the risk of develop-

ing CRC), family history, which increases the risk of 

developing inherited CRC syndromes such as heredi-

tary nonpolyposis colorectal cancer (HNPCC) (that also 

referred to as Lynch syndrome) and familial adenoma-

tous polyposis (FAP). Besides, patients having Inflam-

matory Bowel Disease (IBD) or previously diagnosed 

with CRC also have a higher risk of developing CRC 

(Cottet et  al. 2012, Czene et  al. 2002, Jess et  al. 2012, 

Schoen et al. 2015). Approximately 20% of CRC patients 

already have metastasis at the time of diagnosis with the 

liver being the most common organ (Cejas et  al. 2009, 

Sun et al. 2014, Pool et al. 2012).

Among the oldest chemicals used in medicine through-

out history are the cannabinoids. �ese are chemicals 

derived from the Cannabis sativa plant and have been 

used for thousands of years for their medicinal purposes 

and their well-known strong psychotropic effects. �e 

oldest reports that mention the medical use of cannabis 

go back to 2700 B.C in China and are mentioned in the 

Pen Ts’ao Ching (�e Classic of Herbal Medicine) for the 

treatment of migraine, constipation, asthma, and malaria 

(Touw 1981). Besides, people in India grew cannabis and 

used it as preparations (Bhang) to reduce phlegm (Gri-

erson 1894). �e use of cannabis has been very contro-

versial worldwide. It has been introduced into the United 

States Pharmacopoeia (USP) in 1851. It gained its popu-

larity because other hypnotics and analgesics were not 

yet discovered, e.g., chloral hydrate was discovered in 

1869, and paraldehyde and barbitals were identified in 

the following 30 years (Todd 1939). In 1942, however, 

cannabis was removed from the Pharmacopoeia due 

to its abuse potential, variation in its quality, fear of its 

unidentified active compounds, and because other con-

ventional medications that were known for their efficacy 

were used as alternatives (Zuardi 2006). Many countries 

around the world allowed the use of cannabis for medici-

nal purposes and some countries made it legal partially 

or under certain conditions (Hammond et al. 2020).

Researchers found more than 500 compounds in can-

nabis, of which, 60 are considered phytocannabinoids 

(Hanuš et  al. 2016). �e most common and extensively 

researched cannabinoids (CBD), which differ in their 

structures are cannabinol (Wood et al. 1899), delta 9-tet-

rahydrocannabinol (Δ9-THC) (Gaoni and Mechoulam 

1964), and cannabidiol (Mechoulam and Shvo 1963). 

CBD is a non-psychoactive chemical present in the can-

nabis plant (Ahmed 2022). It has been demonstrated that 

it possesses anti-inflammatory, analgesic, and anti-tumor 

activities (Ahmed 2022). CBD may be useful in combat-

ing chemotherapy resistance in cancer cells (Ahmed 

2022). A study discovered that CBD may be able to sen-

sitize canine cancer cells to chemotherapy treatments 

(Ahmed 2022). THC is the major cannabinoid causing 

the psychoactive effects of cannabis. On the other hand, 

the Endocannabinoid System ECS (Gorzo et  al. 2022) 

endogenously produced by our body consists of endocan-

nabinoids, cannabinoid receptors (CBs), and the enzymes 

that break down endocannabinoids after executing their 

functions. So far, researchers have discovered two endo-

cannabinoids, N-arachidonoylethanolamine (AEA; also 

referred to as anandamide) in addition to 2-arachidonylg-

lycerol (2-AG) (Kwee et al. 2023). Cannabinoid receptors 

namely cannabinoid receptor 1 (CB1) and cannabinoid 

receptor 2 (CB2) were discovered a few years later (Han 

et al. 2023). Recently, G protein-coupled receptors 55 and 

119 (GPR55 and GPR119) were identified as cannabinoid 

receptors (dos Santos Sampaio MdF, de Paiva YB, Sam-

paio TB, Pereira MG, Coimbra NC. 2023) along with the 

transient receptor potential (TRP) channels which are a 

group of ion gated channels mostly located on the plasma 

membrane of several animal cell types (specifically 

TRPA1, TRPM8, TRPV1, and TRPV2) (Fernanda et  al. 

2023). CB1 receptors are heavily distributed in the Cen-

tral Nervous System (CNS); predominantly occupying 
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the basal ganglia and hippocampus (Yanar a, Karolin, 

Yazıcı Z. Cannabis 2023). In fact, CB1 receptors are con-

sidered the most copious type of receptors in the CNS 

(Araújo et al. 2023). While, CB2 receptors are expressed 

extensively in immune and hematopoietic cells, tonsils, 

and spleen, in addition to their presence in low quanti-

ties in the CNS (Brust et al. 2023). �e major enzymes in 

the ECS responsible for degrading endocannabinoids are 

Fatty acid amide hydrolase (FAAH) that mainly works on 

AEA (Ramsay et  al. 2023) and Monoacylglycerol Lipase 

(Han et al. 2023, Vatrella et al. 2020) that mainly degrades 

2-AG (Simard et al. 2022).

Recently, many studies have proven the expression of 

the different components of ECS in breast, colorectal, 

and prostate tumors. �ese studies demonstrate that 

medications targeting these components could be advan-

tageous as antineoplastic agents. In this review, we will 

discuss this evidence in-depth and highlight any potential 

clinical values for cannabinoids in the three cancer types. 

Figure 1 summarizes the main effects of cannabinoids on 

breast, colorectal, and prostate cancer.

Cannabis in breast cancer

BC is highly prevalent in women compared to men, as 

10% of women develop BC at any point in their lives 

(Ammar-Shehada et  al. 2023). BC has different patho-

logical and molecular subtypes, and each of these 

subtypes has different treatments with each showing 

distinct outcomes (Furtney et al. 2023). Although some 

therapies showed great success in treating BC some 

subtypes of BC did not respond adequately to these 

therapies, and some of them relapse. �us, the need for 

new therapies are emerging, and the real challenge is to 

find specific therapy that targets a specific subtype of 

BC (Bimonte et al. 2023).

Many risk factors could enhance the opportunity to 

develop BC, such as genetic factors, nulliparity, increase 

hormone levels, and a decrease in both iodine level and 

breastfeeding (Bimonte et  al. 2023). As, the most com-

mon breast tissues from which cancer originates are the 

milk ducts (ductal carcinomas) and the lobules (lobular 

carcinomas), which secrete milk into ducts (Kadys et al. 

2023). Preclinical evidence has arisen in the last recent 

years about the effectiveness of cannabinoids in treating 

cancer. �is evidence has been tested both in-vivo and 

in-vitro on both cell cultures and mice (Voicu et al. 2023).

Cannabinoid receptors in breast cancer

Different breast cancers have shown the expression of 

cannabinoid receptors (CB). In human breast carcinoma, 

the expression of CB1 immunoreactivity was 28% while 

for CB2 it was 35% (Prateeksha et al. 2023). A study found 

that CB1 receptor was expressed in 14% of the tumors 

and CB2 was expressed in 72% of the tumors, and in 

Fig. 1 Summary of Cannabis effects on breast, colorectal, and prostate cancer
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91% of ErbB2-positive breast tumors, CB2 was expressed 

(Oliveira et  al. 2023). �is suggests that there is a link 

between CB2 and ErbB2- expression, but not between 

CB1 and ErbB2- expression (Selvaraj et al. 2023). ErbB2 

(HER2) is a gene that encodes a protein involved in cell 

growth and division. In some subtypes of BC, ErbB2 is 

overexpressed or amplified, making it more aggressive 

and less susceptible to hormone therapy (Selvaraj et  al. 

2023). One of the BC subtypes that may be detected by 

measuring the expression of ErbB2 is ErbB2-positive BC 

(Selvaraj et al. 2023). ErbB2’s oncogenic effect is mediated 

by a complex signaling network that closely regulates 

malignant cell motility and invasion, and therefore met-

astatic potential (Selvaraj et  al. 2023). Recent attempts 

have been undertaken to discover gene expression pro-

files of ErbB2-positive invasive breast tumors, which may 

be key mediators of ErbB2-induced tumorigenesis and 

metastatic development (Selvaraj et al. 2023).

GPR55 is a new cannabinoid receptor, and a study 

found that its expression is extensive in the highly meta-

static MDA-MB-231 cell lines and low by 30 folds in the 

low metastatic MCF-7 cell line (Morales et al. 2023). �is 

study revealed that stimulating GPR55 by its endogenous 

ligand L-α lysophosphatidylinositol (LPI) stimulates cell 

migration and invasion in an MDA-MB-231 cell line. 

When the MCF-7 cell line transfected with pcDNA3.1 

plasmid encoding human HA-GPR55 to increase the 

expression of GPR55, LPI enhanced the migration of 

the MCF-7 cell line. When the authors pretreated the 

MDA-MB-231 cell line with cannabidiol (which acts as 

a GPR55 antagonist, the effect of LPI on migration sig-

nificantly decreased (Morales et  al. 2023). On the other 

hand, another study reported that LPI enhances cell 

proliferation and Cannabidiol (CBD) blocked this effect 

(Martínez-Aguilar et al. 2023).

Anticancer e�ects of cannabinoids against breast cancer

�e effect of cannabinoids on different breast carcinoma 

cell lines have been examined in-vitro, and confirmed 

their capability to enhance apoptosis and inhibit both 

proliferation and migration (Lin et  al. 2023). A study 

found that ∆9-THC induces apoptosis and inhibits BC 

cell proliferation through the activation of CB2 receptor 

(Zhong et al. 2023). A metabolite of ∆9-THC called Can-

nabinol (CBN), which acts as an agonist on CB1 and CB2 

receptors found to inhibit cell proliferation (Bimonte 

et al. 2023). As well, it was stated that endogenous CB1 

agonists as Anandamide, oleamide, and 2-Arachidonoyl-

glycerol (works as CB1 and CB2 agonist) have an anti-

proliferative effect (Coelho et al. 2023). Moreover, arvanil 

(which is a synthetic CB1 agonist) also inhibits cell prolif-

eration (Tundidor et  al. 2023). Phytocannabinoids com-

pounds were also tested in a study to investigate their 

abilities in inhibiting BC growth. �e study found that 

CBD was the most potent, followed by Cannabigerol, 

then cannabichromene, while cannabidiol acid was the 

weakest compound (Younes 2023).

Moreover, a research has shown an inhibitory effect for 

exosome and microvesicle (EMV), which play a crucial 

role in tumor metastasis and released by several cancer 

types including BC (Tomko et  al. 2022). Exosomes are 

defined as the smallest vesicles (30–100 nm) fused to 

the plasma membrane of the cell and releasing multive-

sicular bodies to the out-side milieu (Tomko et al. 2022). 

Microvesicles are vesicles (0.1–1.0 μm) that are pro-

duced from cells and shed by outward blebbing of the cell 

membrane (Tomko et al. 2022). CBD enhanced cisplatin 

apoptotic effect against MDA-MB-231 cancer cells, in 

addition to significantly reducing cell viability when cells 

were pretreated with CBD compared to the use of cispl-

atin alone (Kosgodage et al. 2018). Cisplatin is an alkylat-

ing agent, which is a kind of chemotherapy medication 

(Dasari et  al. 2022). Platinum is present in it. It causes 

irreversible harm to the DNA of dividing cells (Dasari 

et  al. 2022). �is causes cancer cells and other quickly 

dividing cells to die by stopping or slowing their prolif-

eration (Dasari et al. 2022). Cisplatin is licensed to treat 

bladder cancer, ovarian cancer that has spread to other 

parts of the body, and testicular cancer that has spread 

to other parts of the body alone or in combination with 

other medications. It is also being researched as a therapy 

for other forms of cancer (Dasari et  al. 2022). CBD is a 

non-psychoactive chemical present in the cannabis plant 

(Ahmed 2022). It has been demonstrated that it possesses 

anti-inflammatory, analgesic, and anti-tumor activities 

(Ahmed 2022). CBD may be useful in combating chemo-

therapy resistance in cancer cells (Ahmed 2022). A study 

discovered that CBD may be able to sensitize canine can-

cer cells to chemotherapy treatments (Ahmed 2022).

Anandamide was found to decrease the synthesis of 

prolactin receptors, which reduces the effect of prol-

actin on breast cells. �is leads to decrease the synthe-

sis of BC susceptibility gene product (BRCA1), which is 

a marker for the proliferation of human mammary epi-

thelial cells (Custódio et  al. 2022). However, ∆9-THC 

decreases the proliferation of BC cells by arresting the 

cell cycle at G2-M, which leads to the induction of apop-

tosis. �is effect was explained through activating CB2 

receptors and subsequently reducing cyclin-dependent 

kinase-2 (Cdc2) levels, which makes the cell enter mito-

sis (Feng et  al. 2022). �is leads to cell cycle arrest and 

subsequent apoptosis (Zhong et  al. 2023). Study found 

that cannabinoid receptor agonists, JWH-133 and WIN-

55,212-2, decreased cell viability and migration in BC 

cell lines, MDA-MB-231, and MDA-MB-468 cell lines 

(Khunluck et  al. 2022). It also found that JWH-133 and 
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WIN-55,212-2 decreased tumor volume and angiogen-

esis in a group of mice that were subcutaneously injected 

with BC cell line, MDA-MB-231 cells. It also found that 

both JWH-133 and WIN-55,212 reduced lung metastasis 

(Khunluck et al. 2022).

During another in-vivo study, a group of MMTV 

(mouse mammary tumor virus)-neu mice (mice with 

BC) was divided into three experimental groups: control 

group (n=15), 6 received THC treatment, and 8 received 

JWH-133, which is a synthetic CB2  receptor-selective 

agonist (Caffarel et al. 2010). At the end of treatment, the 

THC and JWH-133 groups showed slower tumor growth, 

and the lesion was smaller than the control group. Also, 

the number of tumors developed in the cannabinoid-

treated mice was less than three tumors, while 41% of 

the control group showed four or more than four tumors. 

�e researchers discovered that THC and JWH-133 

caused apoptosis (shown by an increase in the number of 

active caspase 3-positive cells), inhibited tumor cell pro-

liferation (as demonstrated by a decrease in the number 

of Ki67 positive cells), and had an anti-angiogenic effect 

by reducing the number of blood vessels and vasculari-

zation (as shown by CD 31 staining). Additionally, they 

discovered that THC reduced the proportion of animals 

with lung metastasis in comparison to the control group, 

which displayed 67% of the mice to have lung metasta-

sis. �e JWH-133 group did not exhibit a decrease in this 

proportion, but 50% of the lesions were smaller and could 

only be seen under a microscope (Caffarel et al. 2010).

Furthermore, the phytocannabinoid cannabidiol also 

reduces tumor growth and decreases the number of lung 

metastases in mice injected with 4T1 BC cell lines (Sut-

tithumsatid et al. 2023). Moreover, the Anandamide ana-

logue, Methanandamide, also reduces the number and 

size of lung tumor nodules in mice injected with TSA-1 

mammary carcinoma cell line through a CB1 recep-

tor mechanism . Strikingly, when the CB1 antagonist 

SR141716A administered alone, has also been reported 

to decrease tumor size in mice injected with MDA-

MB-231 cancer cells (Li et al. 2022).

E�ects of cannabinoids on COX-2 and prostaglandins 

in breast cancer

In about 40% of breast cancers, there is overexpression 

of Cyclooxygenase-2 (COX-2). COX-2 produces pros-

taglandin-E2  (PGE2), which promotes angiogenesis and 

tumor growth (Sahu et al. 2023). Treating MDA-MB-231 

cells with JWH-133 or WIN-55 resulted in decreasing 

the levels of  PGE2 in the supernatants of MDA-MB-231 

cells compared to the control group. �ere was also a 

decrease in (COX-2) expression in JWH-133– and WIN-

55,212-2–treated MDA-MB-231 cells (Shah et al. 2021). 

As shown in Fig. 2, reducing PGE2 and COX-2 levels pre-

vent cancer cell migration and metastasis.

Fig. 2 Cannabinoid effect on BC. This figure has been redrawn form (Caffarel et al. 2012)
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Cannabis in colorectal cancer

CRC is one of the most worldwide spread of cancers. In 

2018, the world health organization declared that CRC is 

the third most common cancer diagnosed in the world by 

1.8 million cases and the second cause of death from can-

cer worldwide by 862,000 deaths (Wang et al. 2023). It Is 

the third common cancer in men after lung and prostate 

cancer and the second common cancer in women after 

BC.

CRC arises more common in the sigmoid part of the 

large intestine and the rectum (Ingleby et al. 2022). �e 

causes and risk factors of CRC are multiple. Some of 

these risk factors are Inflammatory bowel disease, fam-

ily history, obesity, diet, lifestyle, age, smoking, and genes 

(Hossain et  al. 2022). Most colorectal cancers are pre-

ceded by adenomas and polyps (i.e. precancerous lesions) 

(Garber and Chung 2022).

�e current treatment of CRC is the surgical removal 

of the tumor followed by chemotherapy such as Oxali-

platin, Fluorouracil, and Leucovorin (Garber and Chung 

2022). Unfortunately, studies have shown that patients 

develop resistance against some chemotherapies such as 

Oxaliplatin and Fluorouracil (Hsieh et al. 2022). Accord-

ingly, there is a serious need for new therapies to treat 

CRC and to overcome this resistance.

Cannabis has shown good evidence to be effective in 

CRC at both levels in-vivo and in-vitro. It shows anti-

cancer effects either alone or in combination with other 

chemotherapies (Perera and Diddeniya 2022). However, 

most of the in-vivo trials were conducted on animal 

models. �erefore, further clinical trials on humans are 

required to confirm its clinical effectiveness and safety.

Cannabidiol in chemotherapy-resistant colorectal cancer

Oxaliplatin is a chemotherapeutic medication that is used 

to treat cancer. It is a platinum medication with alkylat-

ing properties (O’Dowd et  al. 2023). Oxaliplatin, like 

other alkylating drugs, operates by interfering with the 

development of DNA in a cell. It kills cells by preventing 

them from growing and replicating (O’Dowd et al. 2023). 

�is aids in the treatment of cancer, which is character-

ized by uncontrollable cell growth and division (O’Dowd 

et  al. 2023). Exploring novel techniques to improve the 

efficacy of CRC treatment by identifying molecules and 

mechanisms linked with oxaliplatin resistance is neces-

sary (Jeong et  al. 2019). CBDhas the potential to assist 

human CRC cells overcome Oxaliplatin resistance. 

Jeong et al. conducted a study to demonstrate the effect 

of CBD on inducing autophagy in Oxaliplatin resistance 

colorectal cancer cell (CRC), they generated oxaliplatin-

resistant cell lines, which didn’t respond to oxaliplatin 

treatment (Jeong et  al. 2019). When the cell lines were 

treated with a combination of CBD and oxaliplatin, the 

death of oxaliplatin-resistant CRC was considerably 

raised (Jeong et al. 2019). �e authors also performed an 

in-vivo study on mice. �ey injected a group of mice with 

oxaliplatin-resistant cell lines subcutaneously, then they 

measured the tumor size and weight every 2 days. �ey 

found that both size and weight of tumor were lower in 

mice that were treated with both oxaliplatin and CBD 

than in the non-treated control group and mice that 

were treated with either drug. �e mechanism behind 

this is that CBDdecreases  NOS3 phosphorylation-which 

is essential for Oxaliplatin resistance development- and 

superoxide dismutase-2 (which is an intracellular antioxi-

dant) increasing Reactive Oxygen Species (ROS) through 

mitochondrial dysfunction leading to induce autophagy 

(Jeong et al. 2019).

Autophagy (macroautophagy) is a lysosomal break-

down of cytosolic proteins, damaged organelles, and 

invasive microorganisms in autophagosomes, which 

are double-membrane vesicles formed by phagophores 

extending (Jeong et  al. 2019). Chemotherapy causes 

stress in cells, increasing apoptosis inhibition, autophagy, 

and EMT-competent phenotypes via Beclin-1, Bcl-

2, mammalian target of rapamycin (mTOR), adeni-

sine monophosphate (AMP)-activated protein kinase 

(AMPK), and select microRNAs (Jeong et al. 2019). CBD 

promotes oxaliplatin-mediated autophagy via  NOS3 

-mediated mitochondrial dysfunction, implying that 

 NOS3 is a viable therapeutic target for overcoming oxali-

platin resistance and that CBD could be a novel treat-

ment option for CRC (Jeong et al. 2019).

Anticancer e�ects of CBD against colorectal cancer

E�ect on apoptosis

A recent study was conducted both in vivo and in vitro to 

demonstrate the mechanism of CBD in inducing apopto-

sis in colorectal cancer cells. CBD reduced the viability 

of colorectal cancer cells by causing apoptosis, as evi-

denced by increased production of apoptotic markers. 

�e authors discovered that CBD activated Noxa (a pro-

tein associated with apoptosis (Jeong et al. 2019) and that 

Noxa activation increased ROS generation, resulting in 

DNA damage and apoptosis (Jeong et al. 2019).

CBD triggered apoptosis via regulating numerous pro- 

and anti-apoptotic proteins, of which Noxa showed sig-

nificantly higher expression (Jeong et al. 2019). To further 

understand the link between Noxa and CBD-induced 

apoptosis, Noxa levels were reduced using siRNA, and 

the expression of apoptotic markers was reduced (Jeong 

et  al. 2019). After ROS production was inhibited, the 

level of Noxa fell, suggesting that ROS is involved in the 

control of Noxa, which is a well-known pro-apoptotic 

signaling agent along with ROS (Jeong et al. 2019). As a 
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consequence, in a Noxa- and ROS-dependent way, CBD 

promoted apoptosis (Jeong et al. 2019).

Another mechanism by which CBD induces apoptosis 

is increasing the expression of death receptor-5 (DR5), to 

which TNF-Related Apoptosis-Inducing Ligand (TRAIL) 

binds and stimulates apoptosis in colorectal cancer cells, 

which in return increases the sensitivity to TRAIL lead-

ing to increased apoptosis in CRC, but it didn’t affect the 

normal colorectal cells .

E�ect on metastasis

Metastasis, especially liver metastasis, is the reason 

behind the poor diagnosis of most CRC (Dillekås et  al. 

2019). It is the most common cause of death in CRC 

patients. Early detection and treatment of CRC have a 

90% five-year survival rate, but once metastasis occurs 

this rate decreases to 10 to 15% (Cherkasova et al. 2021). 

A population-based study on CRC liver metastases found 

that 25-30% of patients with CRC have liver metasta-

ses, which is a primary cause of cancer-related fatalities 

(Dillekås et  al. 2019). �e incidence rate of metastasis 

that results in mortality in CRC patients, on the other 

hand, is not expressly reported (Dillekås et al. 2019).

To treat CRC metastasis, CBD can be used. CBD acts 

as an antagonist to GPR55 (Pulgar et  al. 2022). GPR55 

activation has been demonstrated to promote cancer 

metastasis via the G12/13 proteins (Rasheed et al. 2022). 

A study discovered that after in-vitro treatment of colo-

rectal cancer cells with CBD, CBD inhibited the GPR55 

receptor, lowering colorectal cancer cell adhesion, inva-

siveness, and migration (Wang et al. 2023).

E�ect on proliferation

Another mechanism by which CBD fights CRC is 

through the suppression of cell proliferation. Aviello 

et al. tested the ability of CBD to decrease colorectal can-

cer cells’ proliferations. CBD was demonstrated to have 

a substantial antiproliferative affect (Aviello et al. 2012). 

�ey also conducted an in-vivo trial on mice to examine 

cannabidiol’s ability as chemo-preventive therapy (Aviello 

et al. 2012). CBD was investigated for its ability to inhibit 

the production of aberrant crypt foci (ACF), polyps (both 

of which are precancerous lesions) (Reddy et  al. 2023), 

and tumors in mice treated with azoxymethane (AOM) 

(carcinogenic compound effective for the induction of a 

colon carcinoma) (Aviello et  al. 2012). �ey discovered 

that when compared to the control group, CBD dramati-

cally reduced the formation of ACF, polyps, and tumors 

in cannabidiol-pretreated mice (Aviello et al. 2012).

E�ect on angiogenesis

Angiogenesis is very important for cancer to progress 

and metastasize which makes this process an effective 

target for cancer treatment (Praphasawat et  al. 2023). 

Honarmand et  al. found that CBD has an anti-angio-

genesis effect subsequently, has an anticancer and anti-

metastatic effect on a group of mice with colon cancer 

by reducing the expression of VEGF (vascular endothe-

lial growth factor) in cannabidiol-treated mice more than 

the non-cannabidiol-treated control group (Honarmand 

et al. 2019). �e same study also reported a decrease in 

the tumor size in a cannabidiol-treated group compared 

with the non-cannabidiol-treated group (Honarmand 

et al. 2019)).

Anti-in�ammatory e�ect of cannabinoids in colorectal 

cancer

Inflammation can cause cancer and vice versa (Taffoni 

et  al. 2023). Cannabinoids showed promising results in 

treating both inflammations (which could cause cancer, 

such as ulcerative colitis and other inflammatory bowel 

diseases) and cancer-induced inflammation (Bereketoğlu 

2020). Study found that CB1 and CB2 agonists adminis-

tration reduced the mice-colon inflammation, cellular 

infiltration subsided and the epithelium returned to the 

normal appearance (Wardill et  al. 2023). �e effect of 

endocannabinoid system agonists on inflammatory bowel 

disease was reviewed deeply for 51 publications (Nduma 

et  al. 2023). Scientists found that cannabinoids signifi-

cantly reduced macroscopic colitis severity, expressed by 

disease activity index (DAI) (Nduma et al. 2023).

Besides the anti-inflammatory effect prior to cancer, 

cannabinoids also decrease cancer-induced inflammation 

(Lyons 2023). Honarmand et al. found that inflammatory 

cytokines, IL-6 and IL-8, in mice with colon cancer were 

elevated significantly in the serum compared to normal 

mice; indicating the presence of cancer-induced inflam-

mation. Moreover, in cannabidiol-treated mice, the IL-6 

and IL-8 serum levels were significantly lower than the 

untreated mice with colon cancer (Honarmand et  al. 

2019), indicating that CBD decreases the cancer-induced 

inflammation (Honarmand et al. 2019).

Controversy

Although all previous evidence about the effectiveness 

of cannabis in treating CRC, there is a controversy about 

its anti-cancer effect. Some studies have shown that CB2 

receptor activation with small-dose of exogenous ago-

nist, induces cell proliferation leading to CRC (Lee et al. 

2022). �is study suggests that a low-dose agonist similar 

to the dose of endogenous cannabinoids promotes cancer 

progression. On the contrary, large doses of this agonist 

inhibit cancer development. Accordingly, physiological 

doses of CB2-agonists could promote cancer develop-

ment, but using pharmacological doses (high) will inhibit 

cancer growth. Further studies must be conducted to 
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clarify the effect of each receptor on CRC and to test the 

dose-dependent effect of cannabinoids on CB2 receptor.

Cannabis in prostate cancer

PC has been reported as the fourth most common cause 

of cancer globally. World health organization (WHO) 

estimated the prevalence of PC in 2018 as 1.3 million 

cases worldwide (Pak et  al. 2022). PC comes in second 

place as the most common cancer in men (13.5% of total 

cancer cases in men) after lung cancer (14.5%) (Mal-

donado Ortiz 2022).

Current treatments of local non-metastatic PC 

are active surveillance, radical radiotherapy, or radi-

cal proctectomy (Reddy et  al. 2023). In metastatic PC, 

androgen-deprivation therapy (ADT) is used, and the 

castration  is accomplished either by surgical, chemi-

cal with anti-androgens, luteinizing hormone-releasing 

hormone (LHRH) agonists, or antagonists (Zhang et  al. 

2023). Unfortunately, after 2 to 3 years, resistance starts 

to develop in PC against ADT, which is then become 

castration-resistant prostate cancer (CRPC) (Zhang et al. 

2023). Several drugs have been used to overcome this 

resistance such as docetaxel, abiraterone acetate, cabazi-

taxel, enzalutamide, taxanes, radium-223, and sipuleucel-

T (Dell’Atti and Aguiari 2023). All the previous drugs 

have demonstrated relatively small survival benefits and 

resistance developed eventually (Zhang et  al. 2023). So, 

still more new treatments are required.

Noteworthy, it has been demonstrated that prostatic 

cancer highly expresses cannabinoid receptors, CB1, 

and CB2. �is expression is also associated with the 

severity of cancer; higher in the more aggressive cancers 

(Mahmoud et al. 2023). Cannabinoids showed good evi-

dence for possible anticancer effects, through multiple 

mechanisms in inhibiting the growth and progression of 

PC.

�e study found that treating prostate cancer cell lines 

with endocannabinoids resulted in a substantial drop in 

cell viability and an increase in the frequency of apoptotic 

cells. �ese findings were linked to an increase in the 

active form of caspase-3 and a reduction in Bcl-2, indi-

cating apoptotic pathway activation. �ey also boosted 

the amount of Erk while decreasing the level of Akt. All 

of the above processes explain the decrease in cell viabil-

ity and suggest that endocannabinoids may be beneficial 

in treating prostate tumors that do not respond to stand-

ard therapies (Singh et al. 2021). Caspase-3 belongs to the 

caspase family, which consists of 13 aspartate-specific 

cysteine proteases that play an important role in the exe-

cution of the apoptotic program (Asadi et al. 2022). It is 

mainly responsible for the cleavage of PARP during cell 

death (Asadi et  al. 2022). Caspase-3 reduces ROS gen-

eration after activation by caspase-9 and is needed for 

the successful execution of apoptosis (Asadi et al. 2022). 

Activated caspase-3 cleaves a wide range of downstream 

substrates during apoptosis, resulting in the usual mor-

phological alterations seen in apoptotic cells (Asadi et al. 

2022). Bcl-2 is a member of a family of proteins that work 

together to decide a cell’s destiny (Zupo et al. 2009). By 

maintaining the integrity of the mitochondrial mem-

brane and inhibiting the release of apoptogenic chemi-

cals, Bcl-2 suppresses apoptosis (Zupo et al. 2009). One 

important signaling cascade that controls a number of 

biological functions, including as cell division, prolif-

eration, motility, and survival, is the extracellular signal-

regulated kinase ERK pathway (Hirashima et  al. 2023). 

Tumor cells that are exposed to different anticancer 

treatments may undergo apoptosis due to ERK activation 

(Hirashima et al. 2023).

A recent study was conducted both in-vitro and in-vivo 

experiments to investigate the effect of a synthetic can-

nabinoid, WIN-55, on PC. �e authors conducted the 

in-vitro experiment using prostate cancer cell lines (PC3, 

LNCaP, and DU145). WIN-55 showed a dose-dependent 

antiproliferative effect on all three cell lines. �e effect 

ranges from 46% to 69% reduction in cell proliferation 

according to the dose of WIN-55, and the cell line. Also, 

WIN showed a significant increase in the apoptotic cells’ 

viability in PC3 and DU145 cells in a dose-dependent 

manner. WIN also showed a significant increase in the 

percentage of cells in the G1 phase and a decrease in the 

percentage of cells in the S phase suggesting that WIN 

cause cell cycle arrest in prostate cancer cells, although 

a previous study reported that there was no significant 

difference in the distribution of PC3 cells treated with 

endocannabinoids across the cell cycle phases compared 

with the control non-treated group of PC3 cells (Singh 

et  al. 2021). Also, they found that WIN significantly 

reduces the migration and invasion of prostate cancer 

cells. �ey did the in vivo experiment by injecting PC3 

cells subcutaneously in mice. �en, they divided the 

mice into the control group and WIN-treated group. �e 

WIN-treated group showed significant reductions in the 

tumor size compared to the control group (Pennant and 

Hinton 2023).

E�ect of cannabinoids on exosomes and microvesicles 

released in prostate cancer

Microvesicles may carry caspase-3 away from cells as 

a protective mechanism against apoptosis. Exosomes 

and microvesicles (EMV) are associated with tumor 

spread and chemotherapy resistance, through expel-

ling drugs outside the cancer cells (Liu and Wang 

2023). �eir inhibition will enhance the accumulation 

of chemotherapy drugs inside the cancer cells and pro-

duce the same efficacy with the lower dose, accordingly 
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potentiate the apoptosis in the cancer cells (Liguori and 

Kralj-Iglič 2023).

In general, cannabinoids have shown a significant 

inhibitory effect on EMV released by different types of 

cancer. A study revealed that PC3 cells produced much 

more EMVs than BC cells or hepatocellular cancer cells, 

and treatment of PC3 cells with CBD (using 1 and 5 μM) 

reduced the EMVs by 44.5% 98.1%, respectively (Kos-

godage et  al. 2018). �e reduction in EMVs with 5 μM 

CBD was significantly greater than the reduction with 

Cl-amidine, which is an effective EMVs inhibitor used 

as a comparator intervention. �e proposed mechanism 

for this substantial activity is a reduction in ATP produc-

tion and proton leakage, in addition to the suppression of 

mitochondrial respiration resulting in absence of pseudo-

apoptotic responses in the PC cancer cells (Kosgodage 

et al. 2018).

In parallel, CBD also significantly decreased EMVs 

release from the other tumor cell lines, human hepatocel-

lular carcinoma (HEPG2 and ECACC) and human breast 

adenocarcinoma (MDA-MB-231) compared to their con-

trol cells (Kosgodage et  al. 2018). Also, CBD enhanced 

the apoptotic effect of cisplatin on MDA-MB-231 and 

HEPG2 cancer cells (Kosgodage et al. 2018). Prior treat-

ment with CBD then treatment with cisplatin signifi-

cantly decreased cell viability more than cisplatin-treated 

cells without prior treatment with CBD (Kosgodage et al. 

2018). �is shows that CBD increases the sensitivity of 

cancer cells to chemotherapy drugs.

E�ect of Cannabinoids on cancer-associated �broblasts 

in prostate cancer

Fibroblasts are the major components of the stroma of 

PC (Pederzoli et  al. 2023). Fibroblasts are necessary for 

cancer progression, cancer metastasis, and being andro-

gen-independent (Lasorsa et  al. 2023). A recent study 

was conducted on three prostate cancer cell lines (PC-3 

and DU-145, and LNCaP) and healthy prostate cells as 

control (PNT-1) (Pietrovito et  al. 2020). Without harm-

ing healthy tissues, they discovered that WIN-55 can 

specifically reduce the cell viability of prostate cancer cell 

lines (Pietrovito et  al. 2020). �ey found that there is a 

significant increase in the expression of CB1 and CB2 

receptors in cancer-associated fibroblasts (CAFs) com-

pared to the normal fibroblasts (HFPs), although treating 

the HFPs and CAFs with CBD showed more decrease in 

the viability than WIN-55, this indicates that CBD acts 

through different receptors, such as peroxisome prolifer-

ator-activated receptor (PPAR)-γ (Pietrovito et al. 2020). 

CAFs were associated with a significant decrease in the 

expression of α-smooth muscle actin, matrix metallopro-

teinase, and invasion abilities with WIN-55 treatment 

(Pietrovito et  al. 2020).When PC-3 cells were incubated 

with CAFs treated with/out cannabinoids, WIN was able 

to significantly reduce the CAFs-induced invasion of 

PC-3 cells (Pietrovito et al. 2020).

In contrast, the same study (Pietrovito et al. 2020) also 

reported that endocannabinoid antagonists could inhibit 

both PC-3 cell migration and CAFs activity, which indi-

cates that endocannabinoids can promote cancer pro-

gression (Pietrovito et al. 2020).

E�ect of cannabinoids on ADT-treated patients

One of the reasons behind PC recurrence and progres-

sion in the ADT-treated patients is the differentiation of 

the prostate cancer cells into the neuroendocrine (NE)-

like cells which correlates with tumor progression and 

poor prognosis (Bennett et  al. 2023). �is occurs in a 

hormone-deficient medium, which occurs in patients 

receiving ADT (Bennett et  al. 2023). Using this prin-

ciple, Morell et  al. experimented to see the inhibitory 

effect of WIN on the differentiation of the prostate can-

cer cells into neuroendocrine-like cells (Morell et  al. 

2016). �ey found that WIN decreased the cell viability 

in both LNCaP and the NE differentiated cells, and when 

they incubated the LNCaP cell line with WIN, it showed 

a significant decrease in the NE markers in the result-

ing NE cells (106). �e way that WIN inhibits PI3K/Akt 

causes AMPK to be activated, which in turn reduces NE 

differentiation (Morell et  al. 2016). �is is the mecha-

nism underlying the inhibitory action. �is study also 

found that cannabinoid receptors show a decrease dur-

ing NE differentiation, and cannabinoid receptors have a 

tonic inhibitory effect on NE differentiation (Morell et al. 

2016).

Treatment for ADT adverse effects may potentially 

benefit from cannabinoids (Mousa et al. 2020). Accord-

ing to a study, the majority of patients with advanced 

PC who had androgen-deprivation treatment reported 

feeling somewhat relieved from its side effects (Mousa 

et  al. 2020). For example, pain, fatigue, sleeplessness, 

hot flashes, irritability, depression, headache, nausea, 

and vomiting are common adverse effects of andro-

gen deprivation therapy (ADT) for individuals with PC 

(Mousa et  al. 2020). Numerous research studies have 

demonstrated the potential effectiveness of canna-

bis in treating neuropathic pain, nausea, and vomiting 

(Mousa et al. 2020).

Palliative actions of cannabinoids in cancer

Night sweats

Dronabinol (a synthetic form of delta-9-tetrahydrocan-

nabinol) was found to be an effective therapy for parane-

oplastic night sweats in cancer patients (Carr et al. 2019). 

Five patients were considered if they had a cancer diag-

nosis and complained of night sweats that interfered with 



Page 10 of 14ALSalamat et al. Journal of Cannabis Research            (2024) 6:24 

their quality of life. All decided to try oral dronabinol to 

alleviate their night sweats (Carr et al. 2019). �ere were 

two female patients and three male patients. Two had 

Acute Myeloblastic Leukemia, while the others had colon 

cancer, rectal cancer, and BC. Patients were at various 

phases of disease-modifying treatments. �ree patients 

were given 5 mg at bedtime, while one was started on 5 

mg three times a day (TID) and gradually raised to 10 mg 

TID due to worsening symptoms (Carr et al. 2019). One 

older patient was given 2.5 mg twice a day (BID) to begin 

with. Patients were examined one to four weeks after 

starting treatment at their next planned appointment. 

One patient noticed a decrease in the intensity of night 

sweats three days after starting treatment. Two patients 

experienced total relief from nocturnal sweats (Carr et al. 

2019). �e other three patients indicated that the sever-

ity of their night sweats had decreased, requiring them 

to change clothes just once or not at all during the night. 

Due to sedation, one patient ceased the dronabinol and 

noted that his night sweats reappeared (Carr et al. 2019). 

Once the patients’ night sweats were resolved, other 

symptoms such as anxiety and fatigue improved, leading 

to an improvement in their overall quality of life. All five 

patients’ symptoms resolved after one week of starting 

dronabinol (Carr et al. 2019).

Pain

�e cannabinoid receptors are highly abundant in the 

brain (Patthy et al. 2023). Normally, Pain begins when tis-

sue is damaged, as damaged tissues release nerve growth 

factor, which activates mast cells. Mast cells degranulate 

and produce bradykinin, which activates nociceptors. 

�e impulse is then carried through peripheral nerve 

fibers to the dorsal root ganglia, which merges with the 

spinal cord and travels to the brain (Boissoneault et  al. 

2023). �e brain responds by releasing gamma-Amin-

obutyric acid (GABA) and other substances to inhibit 

pain and excitatory impulses (Boissoneault et  al. 2023). 

Interestingly, CB2 receptor is found on mast cells and 

upon its activation by CB2 ligands and nonselective CB1/

CB2 agonists, it inhibits cell degranulation . �is leads to 

decreasing bradykinin release and nociceptor stimula-

tion. Moreover, CB1 receptors were also found to have an 

analgesic effect by reducing nerve-C-fiber-driven post-

discharge responses .

In reality, opioids are the most common drugs used 

to relieve cancer-associated pain (Dupoiron et al. 2022). 

�erefore, more than one-third of the patients receiv-

ing opioids, suffer from opioid-refractory cancer pain, 

in addition to opioids’ adverse effects (Diernberger 

et  al. 2023). �is spotlight the need to find new drugs 

to be used alone or as add-on therapy with opioids. 

Remarkably, cannabinoids showed promising results 

in treatment-refractory patients (Sá et  al. 2023). A ran-

domized, placebo-controlled trial tested the effect of 

Nabiximols (which is a new cannabinoid drug) as add-on 

therapy on opioid-refractory cancer patients. It showed 

that Nabiximols-treated patients reported significant 

analgesic effect and a decrease in pain score more than 

the placebo group (Sá et al. 2023).

Furthermore, a recent retrospective study collected 232 

cancer patients (53 patients with gastrointestinal cancer) 

and divided them into 137 patients with THC+ and 95 

patients without THC-. It found that the THC+ group 

showed a decrease in opioid use by 33% and those in 

THC- showed an increase in opioid use by 23%. Moreo-

ver, in THC- a group it is required to increase the opi-

oid daily use by 63% to achieve the same pain relief as the 

THC+ group (Pawasarat et  al. 2020). Also, an observa-

tional study included 2970 cancer patients of which 236 

patients had CRC, more than 50% of patients reported 

high pain score (8-10 out of 10) before starting treatment, 

but after 6 months of using medical cannabis, less than 

5% reported such high score (Bar-Lev Schleider et  al. 

2022). �e same study also reported an improvement 

in nausea and vomiting associated with cancer (Bar-Lev 

Schleider et al. 2022).

Conclusion

Cannabinoids are chemicals derived from the Canna-

bis sativa plant and have been used for their medicinal 

purposes, especially for their well-known strong psycho-

tropic effects. �ere is growing evidence supporting the 

role of Cannabinoids in numerous pathological condi-

tions, including their role in several cancer types such as 

breast, colorectal, and prostate cancer. Accordingly, can-

nabinoids could have a promising potential as adjunctive 

therapy for the treatment of these types of cancers.
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TID  Three times a day
TRAIL  TNF-Related Apoptosis-Inducing Ligand
TRP  Transient receptor potential
USP  United States Pharmacopoeia
VEGF  Vascular endothelial growth factor
WHO  World health organization

Acknowledgements

Authors would like to thank the International Medical Students Association 
(IMedRA) for their technical facilitation and networking.

Authors’ contributions

Concept – H.A.A.; Design – H.A.A., H.M.S., A.H.I., M.F.D., A.Z.N., M.B.; Supervision 
– H.A.A.; Facilitation – H.A.A., A.Z.N.; Data Collection and/or Processing – H.A.A., 
H.M.S., A.H.I., M.F.D., M.B.; Analysis and/or interpretation – H.A.A., H.M.S., A.H.I., 
M.F.D., M.B.; Literature search – H.A.A., S.F.A., H.M.S., A.H.I., M.F.D., M.B.; Writing 
the manuscript – H.A.A., S.F.A., H.M.S., A.H.I., M.F.D., A.Q, Y.B, M.B.; Manuscript 
review – H.A.A., S.F.A., H.M.S., A.H.I., M.F.D., A.Z.N., A.Q, Y.B, M.B.; Figures and/or 
illustrations – M.B.; Critical review – H.A.A., M.B.

Funding

Authors declare that this research has received no financial support.

Availability of data and materials

Not applicable.

Declarations

Ethics approval and consent to participate

Not applicable.

Consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

Received: 18 November 2023   Accepted: 14 April 2024

References

Ahmed L. Cytotoxicity of Non-Psychoactive Cannabinoids with an Emphasis 
on Cannabidiol and Ovarian Cancer. Canada: University of Toronto; 
2022.

Ammar-Shehada W, Abusaman K, Bracke P. Perceived support, social and 
marital challenges in the lives of breast cancer survivors after illness: a 
self-administered cross-sectional survey. Front Sociol. 2023;8:1227529.

Araújo M, Almeida MB, Araújo LLN. The cannabinoids mechanism of action: an 
overview. BrJP. 2023.

Asadi M, Taghizadeh S, Kaviani E, Vakili O, Taheri-Anganeh M, Tahamtan M, et al. 
Caspase-3: structure, function, and biotechnological aspects. Biotech-
nol Appl Biochem. 2022;69(4):1633–45.

Aviello G, Romano B, Borrelli F, Capasso R, Gallo L, Piscitelli F, et al. Chemopre-
ventive effect of the non-psychotropic phytocannabinoid cannabidiol 
on experimental colon cancer. J Mol Med. 2012;90:925–34.

Bar-Lev Schleider L, Mechoulam R, Sikorin I, Naftali T, Novack V. Adherence, 
safety, and effectiveness of medical cannabis and epidemiological 
characteristics of the patient population: a prospective study. Front 
Med. 2022;9:827849.

Bennett JL, Jackson BN, Miller RJ, Tsui H, Martin-Caraballo M. IL-6 evoked bio-
chemical changes in prostate cancer cells. Cytokine. 2023;161:156079.

Bereketoğlu C. Delivery of medicinal cannabis. 2020.
Bimonte S, Palma G, Cascella M, Cuomo A. Phytocannabinoids in Triple Nega-

tive Breast Cancer Treatment: Current Knowledge and Future Insights. 
Anticancer Research. 2023;43(3):993–1000.

Boissoneault J, Stennett-Blackmon B, Gilmour C, Blaes S. Neural and psy-
chosocial mechanisms underlying alcohol use and pain interactions: 
overview of current evidence and future directions. Curr Addict Rep. 
2023;10:1–13.

Brust CA, Swanson MA, Bohn LM. Structural and functional insights into 
the G protein-coupled receptors: CB1 and CB2. Biochem Soc Trans. 
2023;51(4):1533–43.

Bubendorf L, Schöpfer A, Wagner U, Sauter G, Moch H, Willi N, et al. Metastatic 
patterns of prostate cancer: an autopsy study of 1,589 patients. Hum 
Pathol. 2000;31(5):578–83.

Caffarel MM, Andradas C, Mira E, Pérez-Gómez E, Cerutti C, Moreno-Bueno 
G, et al. Cannabinoids reduce ErbB2-driven breast cancer progression 
through Akt inhibition. Mol Cancer. 2010;9(1):1–11.

Caffarel MM, Andradas C, Pérez-Gómez E, Guzmán M, Sánchez C. Can-
nabinoids: a new hope for breast cancer therapy? Cancer Treat Rev. 
2012;38(7):911–8.

Carr C, Vertelney H, Fronk J, Trieu S. Dronabinol for the treatment of paraneo-
plastic night sweats in cancer patients: a report of five cases. J Palliat 
Med. 2019;22(10):1221–3.

Cejas P, Lopez-Gomez M, Aguayo C, Madero R, de Castro Carpeno J, Belda-
Iniesta C, et al. KRAS mutations in primary colorectal cancer tumors and 
related metastases: a potential role in prediction of lung metastasis. 
PloS one. 2009;4(12):e8199.

Cherkasova V, Kovalchuk O, Kovalchuk I. Cannabinoids and endocannabinoid 
system changes in intestinal inflammation and colorectal cancer. 
Cancers. 2021;13(17):4353.

Coelho MP, Duarte P, Calado M, Almeida AJ, Reis CP, Gaspar MM. The current 
role of cannabis and cannabinoids in health: A comprehensive review 
of their therapeutic potential. Life Sci. 2023;329:121838.

Cottet V, Jooste V, Fournel I, Bouvier A-M, Faivre J, Bonithon-Kopp C. Long-term 
risk of colorectal cancer after adenoma removal: a population-based 
cohort study. Gut. 2012;61(8):1180–6.

Custódio N, Savisaar R, Carvalho C, Bak-Gordon P, Ribeiro MI, Tavares J, et al. 
Expression Profiling in Ovarian Cancer Reveals Coordinated Regula-
tion of BRCA1/2 and Homologous Recombination Genes. Biomed. 
2022;10(2):199.

Cuzick J, Thorat MA, Andriole G, Brawley OW, Brown PH, Culig Z, et al. 
Prevention and early detection of prostate cancer. Lancet Oncol. 
2014;15(11):e484–92.

Czene K, Lichtenstein P, Hemminki K. Environmental and heritable causes of 
cancer among 9.6 million individuals in the Swedish family‐cancer 
database. Int J Cancer. 2002;99(2):260–6.

Dasari S, Njiki S, Mbemi A, Yedjou CG, Tchounwou PB. Pharmacological effects 
of cisplatin combination with natural products in cancer chemother-
apy. Int J Mol Sci. 2022;23(3):1532.

Dell’Atti L, Aguiari G. The role of genetic polymorphisms in the diagnosis 
and management of prostate cancer: an update. Anticancer Res. 
2023;43(1):317–22.

Diernberger K, Clausen E, Murray G, Wee B, Kaasa S, Hall P, et al. Cancer 
pain assessment and management: does an institutional approach 



Page 12 of 14ALSalamat et al. Journal of Cannabis Research            (2024) 6:24 

individualise and reduce cost of care? BMJ Support Palliat Care. 
2023;13:e1258–64.

Dillekås H, Rogers MS, Straume O. Are 90% of deaths from cancer caused by 
metastases? Cancer Med. 2019;8(12):5574–6.

de Fátima Dos Santos Sampaio M, de Paiva YB, Sampaio TB, Pereira MG, Coim-
bra NC. Therapeutic applicability of cannabidiol and other phytocan-
nabinoids in epilepsy, multiple sclerosis and Parkinson’s disease and in 
comorbidity with psychiatric disorders. Basic Clin Pharmacol Toxicol. 
2024;134(5):574–601.

Dupoiron D, Duarte R, Carvajal G, Aubrun F, Eldabe S. Rationale and recent 
advances in targeted drug delivery for cancer pain: is it time to change 
the paradigm? Pain physician. 2022;25(3):E414–25.

Feng H, Lane KA, Roumeliotis TI, Jeggo PA, Somaiah N, Choudhary JS, et al. 
PBAF loss leads to DNA damage-induced inflammatory signaling 
through defective G2/M checkpoint maintenance. Genes Devel. 
2022;36(13–14):790–806.

Ferlay J, Colombet M, Soerjomataram I, Mathers C, Parkin DM, Piñeros M, et al. 
Estimating the global cancer incidence and mortality in 2018: GLOBO-
CAN sources and methods. Int J Cancer. 2019;144(8):1941–53.

Fernanda S, Valentina D, Caterina C, Andrea C. Functional TRPA1 Channels 
Regulate CD56dimCD16+ NK Cell Cytotoxicity against Tumor Cells. Int J 
Mol Sci. 2023;24(19):14736.

Friedman E, Kotsopoulos J, Lubinski J, Lynch HT, Ghadirian P, Neuhausen SL, 
et al. Spontaneous and therapeutic abortions and the risk of breast can-
cer among BRCA mutation carriers. Breast Cancer Res. 2006;8:1–7.

Furtney I, Bradley R, Kabuka MR. Patient Graph Deep Learning to Predict Breast 
Cancer Molecular Subtype. IEEE/ACM Trans Comput Biol Bioinform. 
2023;20(5):3117–27.

Gaoni Y, Mechoulam R. Isolation, structure, and partial synthesis of an active 
constituent of hashish. J Am Chem Soc. 1964;86(8):1646–7.

Garber JJ, Chung DC. Polyps of the Colon and Rectum. Yamada’s Textbook of 
Gastroenterology. 2022:1447-63.

Gorzo A, Havași A, Spînu Ș, Oprea A, Burz C, Sur D. Practical Considerations 
for the Use of Cannabis in Cancer Pain Management—What a Medical 
Oncologist Should Know. Journal of Clinical Medicine. 2022;11(17):5036.

Grierson GA. The hemp plant in Sanskrit and Hindi literature. Indian Antiquary. 
1894;23:260–2.

Hammond D, Goodman S, Wadsworth E, Rynard V, Boudreau C, Hall W. Evalu-
ating the impacts of cannabis legalization: the International Cannabis 
Policy Study. Int J Drug Policy. 2020;77:102698.

Han Y, Dong Q, Peng J, Li B, Ma C. Laminar Distribution of Cannabinoid Recep-
tor 1 in the Prefrontal Cortex of Nonhuman Primates. Mol Neurobiol. 
2023.

Hanuš LO, Meyer SM, Muñoz E, Taglialatela-Scafati O, Appendino G. 
Phytocannabinoids: a unified critical inventory. Nat Product Rep. 
2016;33(12):1357–92.

Harada M, Iida M-i, Yamaguchi M, Shida K Analysis of bone metastasis of pros-
tatic adenocarcinoma in 137 autopsy cases. Prostate Cancer and Bone 
Metastasis. 1992:173-82.

Hirashima T, Hino N, Aoki K, Matsuda M. Stretching the limits of extracellular 
signal-related kinase (ERK) signaling—Cell mechanosensing to ERK 
activation. Curr Opin Cell Biol. 2023;84:102217.

Honarmand M, Namazi F, Mohammadi A, Nazifi S. Can cannabidiol inhibit 
angiogenesis in colon cancer? Comparative Clinical Pathology. 
2019;28:165–72.

Hossain MS, Karuniawati H, Jairoun AA, Urbi Z, Ooi DJ, John A, et al. Colorectal 
cancer: a review of carcinogenesis, global epidemiology, current 
challenges, risk factors, preventive and treatment strategies. Cancers. 
2022;14(7):1732.

Hsieh C-H, Jian C-Z, Lin L-I, Low G-S, Ou P-Y, Hsu C, et al. Potential role of 
CXCL13/CXCR5 signaling in immune checkpoint inhibitor treatment in 
cancer. Cancers. 2022;14(2):294.

Ingleby FC, Woods LM, Atherton IM, Baker M, Elliss-Brookes L, Belot A. An 
investigation of cancer survival inequalities associated with individual-
level socio-economic status, area-level deprivation, and contextual 
effects, in a cancer patient cohort in England and Wales. BMC Public 
Health. 2022;22:1–12.

Jeong S, Kim BG, Kim DY, Kim BR, Kim JL, Park SH, et al. Cannabidiol over-
comes oxaliplatin resistance by enhancing NOS3-and SOD2-induced 
autophagy in human colorectal cancer cells. Cancers. 2019;11(6):781.

Jeong S, Yun HK, Jeong YA, Jo MJ, Kang SH, Kim JL, et al. Cannabidiol-induced 
apoptosis is mediated by activation of Noxa in human colorectal cancer 
cells. Cancer letters. 2019;447:12–23.

Jess T, Rungoe C, Peyrin-Biroulet L. Risk of colorectal cancer in patients with 
ulcerative colitis: a meta-analysis of population-based cohort studies. 
Clin Gastroenterol Hepatol. 2012;10(6):639–45.

Kadys A, Gremke N, Schnetter L, Kostev K, Kalder M. Intercontinental compari-
son of women with breast cancer treated by oncologists in Europe, 
Asia, and Latin America: a retrospective study of 99,571 patients. J 
Cancer Res Clin Oncol. 2023;149:1–8.

Kennecke H, Yerushalmi R, Woods R, Cheang MCU, Voduc D, Speers CH, 
et al. Metastatic behavior of breast cancer subtypes. J Clin Oncol. 
2010;28(20):3271–7.

Khunluck T, Lertsuwan K, Chutoe C, Sooksawanwit S, Inson I, Teeraporn-
puntakit J, et al. Activation of cannabinoid receptors in breast cancer 
cells improves osteoblast viability in cancer-bone interaction model 
while reducing breast cancer cell survival and migration. Sci Rep. 
2022;12(1):7398.

Kosgodage US, Mould R, Henley AB, Nunn AV, Guy GW, Thomas EL, et al. Can-
nabidiol (CBD) is a novel inhibitor for exosome and microvesicle (EMV) 
release in cancer. Front Pharmacol. 2018;9:889.

Kwee CM, Leen NA, Van der Kamp RC, Van Lissa CJ, Cath DC, Groenink L, 
et al. Anxiolytic effects of endocannabinoid enhancing compounds: 
A systematic review and meta-analysis. Eur Neuropsychopharmacol. 
2023;72:79–94.

Lasorsa F, di Meo NA, Rutigliano M, Ferro M, Terracciano D, Tataru OS, et al. 
Emerging Hallmarks of Metabolic Reprogramming in Prostate Cancer. 
Int J Mol Sci. 2023;24(2):910.

Lee H-S, Tamia G, Song H-J, Amarakoon D, Wei C-I, Lee S-H. Cannabidiol exerts 
anti-proliferative activity via a cannabinoid receptor 2-dependent 
mechanism in human colorectal cancer cells. Int Immunopharmacol. 
2022;108:108865.

Li P, Lin Q, Sun S, Yang N, Xia Y, Cao S, et al. Inhibition of cannabinoid receptor 
type 1 sensitizes triple-negative breast cancer cells to ferroptosis via 
regulating fatty acid metabolism. Cell Death Dis. 2022;13(9):808.

Liguori GL, Kralj-Iglič V. Pathological and Therapeutic Significance of Tumor-
Derived Extracellular Vesicles in Cancer Cell Migration and Metastasis. 
Cancers. 2023;15(18):4425.

Lin Y-S, Huang W-H, Hsu K-F, Tang M-J, Chiu W-T. Reversion of chemoresistance 
by endocannabinoid-induced ER stress and autophagy activation in 
ovarian cancer. Am J Cancer Res. 2023;13(9):4163.

Liu Y-J, Wang C. A review of the regulatory mechanisms of extracellular 
vesicles-mediated intercellular communication. Cell Communication 
and Signaling. 2023;21(1):1–12.

Lyons D. Regulators of Mast Cell Activation: University of Northern Colorado; 
Dissertations [Internet]. 2023:960. https:// digsc holar ship. unco. edu/ disse 
rtati ons/ 960.

Mahmoud AM, Kostrzewa M, Marolda V, Cerasuolo M, Maccarinelli F, Coltrini 
D, et al. Cannabidiol alters mitochondrial bioenergetics via VDAC1 and 
triggers cell death in hormone-refractory prostate cancer. Pharmacol 
Res. 2023;189:106683.

Maldonado Ortiz YI. Extreme environments promote cancerous behavior in 
healthy cells. 2022.

Markozannes G, Tzoulaki I, Karli D, Evangelou E, Ntzani E, Gunter MJ, et al. Diet, 
body size, physical activity and risk of prostate cancer: An umbrella 
review of the evidence. Eur J Cancer. 2016;69:61–9.

Martínez-Aguilar LM, Ibarra-Sánchez A, Guerrero-Morán DJ, Macías-Silva M, 
Muñoz-Bello JO, Padilla A, et al. Lysophosphatidylinositol Promotes 
Chemotaxis and Cytokine Synthesis in Mast Cells with Differential Par-
ticipation of GPR55 and CB2 Receptors. Int J Mol Sci. 2023;24(7):6316.

Mechoulam R, Shvo Y. Hashish—I: the structure of cannabidiol. Tetrahedron. 
1963;19(12):2073–8.

Morales P, Guerrero-Alba R, Marichal-Cancino BA. Linking the G-protein-
coupled receptor 55 (GPR55) to the cannabinoid receptors (CB1 and 
CB2): A new narrative. Cannabis Use, Neurobiology, Psychology, and 
Treatment: Elsevier; 2023:395-406.

Morell C, Bort A, Vara D, Ramos-Torres A, Rodríguez-Henche N, Díaz-Laviada 
I. The cannabinoid WIN 55,212–2 prevents neuroendocrine differen-
tiation of LNCaP prostate cancer cells. Prostate Cancer Prostatic Dis. 
2016;19(3):248–57.

https://digscholarship.unco.edu/dissertations/960
https://digscholarship.unco.edu/dissertations/960


Page 13 of 14ALSalamat et al. Journal of Cannabis Research            (2024) 6:24  

Mousa A, Petrovic M, Fleshner NE. Prevalence and predictors of cannabis use 
among men receiving androgen-deprivation therapy for advanced 
prostate cancer. Can Urological Assoc J. 2020;14(1):E20.

Nduma BN, Mofor KA, Tatang J, Ekhator C, Ambe S, Fonkem E, et al. The Use of 
Cannabinoids in the Treatment of Inflammatory Bowel Disease (IBD): A 
Review of the Literature. Cureus. 2023;15(3):e36148.

O’Dowd PD, Sutcliffe DF, Griffith DM. Oxaliplatin and its derivatives–An over-
view. Coord Chem Rev. 2023;497:215439.

Oliveira HA, Somvanshi RK, Kumar U. Comparative changes in breast cancer 
cell proliferation and signalling following somatostatin and cannabidiol 
treatment. Biochem Biophys Res Commun. 2023;643:30–8.

Pak S, Jung K-W, Park E-H, Ko YH, Won Y-J, Joung JY. Incidence and mortality 
projections for major cancers among Korean men until 2034, with a 
focus on prostate cancer. Invest Clin Urology. 2022;63(2):175.

Patthy Á, Hanics J, Zachar G, Kovács GG, Harkany T, Alpár A. Regional redistribu-
tion of CB1 cannabinoid receptors in human foetal brains with Down’s 
syndrome and their functional modifications in Ts65Dn+/+ mice. 
Neuropathol Appl Neurobiol. 2023;49(1):e12887.

Pawasarat IM, Schultz EM, Frisby JC, Mehta S, Angelo MA, Hardy SS, et al. The 
efficacy of medical marijuana in the treatment of cancer-related pain. 
Journal of palliative medicine. 2020;23(6):809–16.

Pederzoli F, Raffo M, Pakula H, Ravera F, Nuzzo PV, Loda M. Stromal cells 
in prostate cancer pathobiology: friends or foes? Br J Cancer. 
2023;128(6):930–9.

Pennant NM, Hinton CV. The evolution of cannabinoid receptors in cancer. 
WIREs Mech Dis. 2023;15:e1602.

Perera PK, Diddeniya JID, editors. In-vitro and in-vivo supportive research on 
medicinal properties of Cannabis sativa: a comprehensive review. 2022.

Pietrovito L, Iozzo M, Bacci M, Giannoni E, Chiarugi P. Treatment with cannabi-
noids as a promising approach for impairing fibroblast activation and 
prostate cancer progression. Int J Mol Sci. 2020;21(3):787.

Praphasawat R, Klajing W, Palipoch S, Wimuttiyanon J, Wutti J, Saypeark N, et al. 
Cancer Signaling Pathway and Anti-Cancer Mechanism of Cannabidiol. 
J Med Assoc Thai. 2023;106(2):219–27.

Prateeksha P, Sharma VK, Singh SM, Sharma M, Diwan D, Hesham AE-L, et al. 
Tetrahydrocannabinols: potential cannabimimetic agents for cancer 
therapy. Cancer Metastasis Rev. 2023:1-23.

Pulgar VM, Howlett AC, Eldeeb K. WIN55212-2 Modulates Intracellular Calcium 
via CB1 Receptor-Dependent and Independent Mechanisms in Neuro-
blastoma Cells. Cells. 2022;11(19):2947.

Ramsay S, Spencer NJ, Zagorodnyuk V. Endocannabinoids, anandamide and 
2-AG, regulate mechanosensitivity of mucosal afferents in the Guinea 
pig bladder. Eur J Pharmacol. 2023;945:175624.

Rasheed SAK, Subramanyan LV, Lim WK, Udayappan UK, Wang M, Casey PJ. The 
emerging roles of Gα12/13 proteins on the hallmarks of cancer in solid 
tumors. Oncogene. 2022;41(2):147–58.

Reddy D, van Son M, Peters M, Bertoncelli Tanaka M, Dudderidge T, Cul-
len E, et al. Focal therapy versus radical prostatectomy and external 
beam radiotherapy as primary treatment options for non-metastatic 
prostate cancer: results of a cost-effectiveness analysis. J Med Econ. 
2023;26(1):1099–107.

Sá SS, Melo-Alvim C, Reis-Pina P. Effects of cannabinoids on pain control, qual-
ity of life and opioid-sparing in cancer patients: systematic review. BrJP. 
2023;6:320–9.

Sahu A, Raza K, Pradhan D, Jain AK, Verma S. Cyclooxygenase-2 as a therapeu-
tic target against human breast cancer: A comprehensive review. WIREs 
Mech Dis. 2023;15(3):e1596.

Schoen RE, Razzak A, Kelly JY, Berndt SI, Firl K, Riley TL, et al. Incidence and 
mortality of colorectal cancer in individuals with a family history of 
colorectal cancer. Gastroenterol. 2015;149(6):1438–45 e1.

Selvaraj NB, Swaroop AK, Mariappan E, Natarajan J, Thangavelu P, Selvaraj J. 
Effect of Calcitriol in Inhibiting the Cancer Cell Growth and Promoting 
Apoptosis in ErbB2-positive Breast Cancer Cells. Anticancer Agents Med 
Chem. 2023;23(18):2056–71.

Shah SA, Gupta AS, Kumar P. Emerging role of cannabinoids and synthetic 
cannabinoid receptor 1/cannabinoid receptor 2 receptor agonists in 
cancer treatment and chemotherapy-associated cancer management. 
J Cancer Res Ther. 2021;17(1):1–9.

Simard M, Archambault A-S, Lavoie J-PC, Dumais É, Di Marzo V, Flamand N. Bio-
synthesis and metabolism of endocannabinoids and their congeners 

from the monoacylglycerol and N-acyl-ethanolamine families. Bio-
chemical Pharmacol. 2022;205:115261.

Singh K, Nassar N, Bachari A, Schanknecht E, Telukutla S, Zomer R, et al. The 
pathophysiology and the therapeutic potential of cannabinoids in 
prostate cancer. Cancers. 2021;13(16):4107.

Smith-Warner SA, Spiegelman D, Yaun S-S, Van Den Brandt PA, Folsom AR, 
Goldbohm RA, et al. Alcohol and breast cancer in women: a pooled 
analysis of cohort studies. Jama. 1998;279(7):535–40.

Sun V, Grant M, McMullen CK, Altschuler A, Mohler MJ, Hornbrook MC, 
et al. From diagnosis through survivorship: health-care experiences 
of colorectal cancer survivors with ostomies. Support Care Cancer. 
2014;22:1563–70.

Suttithumsatid W, Sukketsiri W, Panichayupakaranant P. Cannabinoids and 
standardized cannabis extracts inhibit migration, invasion, and induce 
apoptosis in MCF-7 cells through FAK/MAPK/Akt/NF-κB signaling. 
Toxicol Vitro. 2023;93:105667.

Taffoni C, Marines J, Chamma H, Guha S, Saccas M, Bouzid A, et al. DNA dam-
age repair kinase DNA-PK and cGAS synergize to induce cancer-related 
inflammation in glioblastoma. The EMBO Journal. 2023;42(7):e111961.

Tamimi RM, Spiegelman D, Smith-Warner SA, Wang M, Pazaris M, Willett WC, 
et al. Population attributable risk of modifiable and nonmodifiable 
breast cancer risk factors in postmenopausal breast cancer. Am J Epide-
miol. 2016;184(12):884–93.

Todd A. Marihuana. America’s New Drug Problem: Nature Publishing Group UK 
London; 1939.

Tomko AM, Whynot EG, O’Leary LF, Dupré DJ. Anti-cancer potential of can-
nabis terpenes in a taxol-resistant model of breast cancer. Can J Physiol 
Pharmacol. 2022;100(8):806–17.

Touw M. The religious and medicinal uses of Cannabis in China, India and 
Tibet. J Psychoactive Drugs. 1981;13(1):23–34.

Tundidor I, Seijo-Vila M, Blasco-Benito S, Rubert-Hernández M, Adámez S, 
Andradas C, et al. Identification of fatty acid amide hydrolase as a 
metastasis suppressor in breast cancer. Nat Commun. 2023;14(1):3130.

Van der Pool A, Damhuis R, Ijzermans J, de Wilt J, Eggermont A, Kranse R, 
et al. Trends in incidence, treatment and survival of patients with 
stage IV colorectal cancer: a population-based series. Colorectal Dis. 
2012;14(1):56–61.

Vatrella A, Maglio A, Pelaia C, Pelaia G, Vitale C. Pharmacotherapeutic strategies 
for critical asthma syndrome: a look at the state of the art. Expert Opin 
Pharmacother. 2020;21(12):1505–15.

Voicu V, Brehar F-M, Toader C, Covache-Busuioc R-A, Corlatescu AD, Bordeianu 
A, et al. Cannabinoids in Medicine: A Multifaceted Exploration of Types, 
Therapeutic Applications, and Emerging Opportunities in Neurodegen-
erative Diseases and Cancer Therapy. Biomolecules. 2023;13(9):1388.

Wang T, Xia K, Qiu T, Han S, Chen Z, Ma X, et al. A comprehensive survival and 
prognosis analysis of GPR55 expression in hepatocellular carcinoma. 
Aging (Albany NY). 2023;15(17):8930.

Wang X, Sun J, Yin X, Zou C, Li H. Effects of behavioral change techniques on 
diet and physical activity in colorectal cancer patients: a systematic 
review and meta-analysis. Support Care Cancer. 2023;31(1):29.

Wardill HR, Wooley LT, Bellas OM, Cao K, Cross CB, van Dyk M, et al. Supporting 
gut health with medicinal cannabis in people with advanced cancer: 
potential benefits and challenges. Br J Cancer. 2023;130:1–12.

Wood TB, Spivey WN, Easterfield TH III. Cannabinol.  Part I J Chem Soc Trans. 
1899;75:20–36.

Xiao W, Zheng S, Yang A, Zhang X, Zou Y, Tang H, et al. Breast cancer subtypes 
and the risk of distant metastasis at initial diagnosis: a population-based 
study. Cancer Manag Res. 2018;10:5329–38.

Yanar a, Karolin, Yazıcı Z. Cannabis: Action Mechanisms and Potential Roles 
in the Management of Type 2 Diabetes Mellitus. Natural Products and 
their Bioactives in Antidiabetic Drug Discovery. 2023:232-43.

Younes M. The Combination of CBD and THC Isolated from the Lebanese Can-
nabis sativa Exerts Anti-cancer Effects in Breast Cancer Cells: Lebanese 
American University. 2023.

Zhang W, Lee AM, Jena S, Huang Y, Ho Y, Tietz KT, et al. Computational drug 
discovery for castration-resistant prostate cancers through in vitro drug 
response modeling. Proc Natl Acad Sci. 2023;120(17):e2218522120.

Zhong N, Li D, Wang B, Kovalchuk O, Kovalchuk I. Cannabinol inhibits cell 
growth and triggers cell cycle arrest and apoptosis in cancer cells. 
Biocatalysis Agric Biotechnol. 2023;48:102627.



Page 14 of 14ALSalamat et al. Journal of Cannabis Research            (2024) 6:24 

Zuardi AW. História da cannabis como medicamento: uma revisão. Braz J 
Psychiatry. 2006;28:153–7.

Zupo V, Costantini M, Aflalo ED, Levy T, Chalifa-Caspi V, Obayomi O, et al. Fer-
roptosis precedes apoptosis to facilitate specific death signalling by 
fatty acids. Proc R Soc B. 2009;2023(290):20231327.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Cannabis and cancer: unveiling the potential of a green ally in breast, colorectal, and prostate cancer
	Abstract 
	Introduction
	Cannabis in breast cancer
	Cannabinoid receptors in breast cancer
	Anticancer effects of cannabinoids against breast cancer
	Effects of cannabinoids on COX-2 and prostaglandins in breast cancer

	Cannabis in colorectal cancer
	Cannabidiol in chemotherapy-resistant colorectal cancer
	Anticancer effects of CBD against colorectal cancer
	Effect on apoptosis
	Effect on metastasis
	Effect on proliferation
	Effect on angiogenesis

	Anti-inflammatory effect of cannabinoids in colorectal cancer
	Controversy

	Cannabis in prostate cancer
	Effect of cannabinoids on exosomes and microvesicles released in prostate cancer
	Effect of Cannabinoids on cancer-associated fibroblasts in prostate cancer
	Effect of cannabinoids on ADT-treated patients

	Palliative actions of cannabinoids in cancer
	Night sweats

	Pain
	Conclusion
	Acknowledgements
	References


