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Opinion statement

The use of the cannabis plant by cancer patients has been rising significantly in the past
few years worldwide, primarily driven by public demand. There is an obvious need for more
reliable scientific data, pharmacology information, a better understanding of its mode of
action, and available clinical evidence supporting its robust use. Physicians must complete
a thorough medical assessment, screening for potential drugs, or treatment contraindi-
cations before allowing its consumption. In light of the growing popularity of cannabis
usage, it is highly essential that, in the near future, the medical community will be able to
provide practical recommendations and explicit guidelines, including doses, and that
cannabinoid concentrations in the used products are defined regarding its prescription
before any medical procedure involving its usage is authorized. Here, we review and
describe the favorable outcomes demonstrating the benefits of cannabis as an adjunctive
treatment to conventional medicines for chemotherapy-induced nausea, vomiting, and
cancer-related pain (primarily refractory chronic or neuropathic pain). Although not yet
substantial enough, the treatment of anorexia, insomnia, depression, and anxiety is also
seemingly favorable. To date, reports regarding its anti-neoplastic effects or its potent
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immunosuppressive properties influencing response to immunotherapy are still very
conflicting and controversial. Thus, with the current state of evidence, cannabis use is
not advisable as initial treatment, as an adjunct or an advanced line of care. In the coming
years, we expect that preclinical data and animal models will shift to the clinical arena,
and more patients will be recruited for clinical trials, and their reports will advance the
field. Thus, physicians should prescribe cannabis only if careful clarification and consid-
eration is provided together with a follow-up response evaluation.

Introduction

Cannabis has been used as a healing herb since an-
cient times and is currently approved in many coun-
tries for recreational and medicinal use. The cannabi-
noid receptor CB1 was characterized in 1991, the
second receptor CB2 in 1993. The CB1 receptor is
highly expressed primely in the central nervous sys-
tem in areas like the amygdala, hippocampus, cortex,
basal ganglia, and cerebellum, whereas CB2 presents
primarily in the immune system [1] (Fig. 1a). CB1
receptor agonists were shown to affect the release of
neurotransmitters from the synapses, while CB2 ago-
nists are mostly related to the regulation of the im-
mune system and inflammation [1].

The endocannabinoid system is an endogenous
lipid-based systemof agonists that binds to cannabinoid
receptors (CBRs). The most well-known and studied
endocannabinoids are the N-arachidonoyl -
e thano lamine (AEA ; anandamide) and 2 -
arachidonoylglycerol (2-AG). Phytocannabinoids are
cannabis-derived lipophilic molecules extracted from
the plant. When consumed, phytocannabinoids can in-
teract with our body’s receptors and produce numerous
psychotropic and therapeutic effects. Currently, more
than 140 different cannabinoids have been isolated
from cannabis, exhibiting varied effects. The most nota-
ble phytocannabinoids are Δ9-tetrahydrocannabinol

Fig. 1. Cannabinoid receptors expression and association with diseases and symptoms. a Scattering of cannabis receptors
expression (CB1, CB2, TRVP1, TRVP2, GPR18, GPR55, and GPR119) in the body and their association with diseases and symptoms.
b The endocannabinoids receptors CB1, CB2, TRPV1, TRPV2 channels and GPR-family receptors (GPR18, GPR55, and GPR119) are
presented, in addition to PPARα nuclear receptors that play essential roles in the regulation of tumorigenesis and the FAAH
mitochondrial receptor that comes to the endocannabinoid system. An increase in the endocannabinoid N-oleoyl glycine (OG) can
elevate the expression of CB1 receptors, and palmitoylation enhances the hydrophobicity of the CB2 receptor. The PEA inhibitor of
FAAH acts as a support compound in the spinal cord for the hypotensive effects of managed endocannabinoids
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(Δ9-THC), Δ9-tetrahydrocannabivarin (Δ9-THCV),
cannabinol (CBN), cannabidiol (CBD), cannabidivarin
(CBDV), cannabigerol (CBG), and cannabichromene
(CBC), which bind to CBRs (Fig. 1b) [2•, 3]. In addi-
tion, phytocannabinoids can also modulate a specific
subset of transient receptor potential (TRP) (most po-
tently at TRPV2, moderately modulate TRPV3, TRPV4)
channels (Fig. 1b) [4]; these channels modulate ion
entry and mediate a variety of neuronal signals that are
responsible for the sensations of pressure, temperature,
and smell. Furthermore, endocannabinoids (such as
oleoylethanolamide (OEA) and palmitoylethanolamide
(PEA)) activate as agonists the nuclear receptor peroxi-
some proliferator-activated receptors (PPARs) (Fig. 1b).
These nuclear hormone receptors modulate the tran-
scription of genes involved in the regulation of cell
inflammation and differentiation, and metabolism [5].
Endocannabinoids, such as Aras, AraG, PEA, OEA, and
2-AG, also bind to other G protein–coupled receptors
(GPCRs) like GPR18, GPR55, and GPR119 to regulate
signals associated with cell proliferation and migration
(Fig. 1b) [1, 3].

In light of the recently uncovered biological activity
of eCB, reports of the medical use of cannabis or
cannabis-based drugs and their efficacy in non-
oncological illnesses, such as in alleviating resistant neu-
rological pain in multiple sclerosis (MS) [6] and spinal
injury pain, Tourette syndrome [7], Crohn’s disease [8],
and intractable seizures [9], constantly emerge. Studies
demonstrate benefit also in graft-versus-host disease af-
ter stem cell transplantation [10], fibromyalgia, arthritis,
sleep problems, appetite and weight loss, anxiety, and
others [11].

Cannabinoids are classified according to their source
of production: phytocannabinoids occur naturally in the
cannabis plant; endocannabinoids (eCBs) are produced
endogenously by humans and other mammals, and
synthetic cannabinoids have now been manufactured
for use in research and medicine.

Natural phytocannabinoids may be extracted from
plants and taken in an herbal form or manufactured
synthetically. Oral cannabis formulations, including
oils, capsules, edibles, or spray, can be mixed with food
or tea, inhaled, smoked, or injected in tumors. Other
types of administration are oromucosal sprays, rectal
suppositories, salves, and topically delivered prepara-
tions. Novel devices had been developed to deliver a
metered dose by inhalation, such as the Syqe Inhaler Exo
(Syqe Medical Ltd., Tel Aviv, Israel) [12].

There are many medications based on natural or
synthetic cannabinoids or cannabinoid analogs.
Dronabinol (Marinol®, Mariette GA) is a 9-tetrahydro-
cannabinol (THC), used as an appetite stimulant, anti-
emetic, and analgesic, approved in 2003 for improving
anorexia and cachexia in AIDS patients and as a treat-
ment against nausea and vomiting in cancer patients
[13]. Another is Nabilone (Cesamet®, Aliso Viejo CA),
a synthetic THC analog in oral form that is ten times
more potent than natural THC, approved in 2006 for
chemotherapy-induced nausea and vomiting and has
been used off label for pain [14–19]. Nabiximols (the
non-proprietary name for Sativex) is a mixture in an
oromucosal spray form of THC and cannabidiol
(CBD) directly isolated from Cannabis sativa L. The com-
bination of these two components is intended to pre-
vent some of the side effects attributed to THC when
taken alone [20]. The spray is designed to mimic the
quick absorption rate that occurs after smoking canna-
bis, compared to oral administration. It is approved for
the treatment of neuropathic pain and symptoms of
multiple sclerosis (MS).

Orally ingested cannabis has low (6–20%) and var-
iable bioavailability. Peak plasma concentrations of 9-
THC occur after 1–6 h and remain elevated with a ter-
minal half-life of 20–30 h. Orally ingested 9-THC is
initially metabolized in the liver to 11-OH-THC, a po-
tent psychoactive metabolite [21]. Oral cannabis formu-
lations are convenient, generally easy to dose, and have a
long duration of action, but the onset of action is slow,
and absorption may be reduced with food or enhanced
with lipid or oil solvents [22••].

When inhaled, cannabinoids are rapidly absorbed
into the bloodstream with a peak concentration of
about 2–10 min, declining rapidly for 30 min and min-
imally generate the psychoactive 11-OH metabolite
[23]. Smoking remains the most common and most
rapid route of administration and is especially helpful
for the treatment of acute symptoms. Vaporizers are safe
and efficient devices that are temperature-controlled and
electronically driven to decarboxylate inactive cannabi-
noids released as active cannabinoid compounds [24].

Here, we will thoroughly describe and summarize
the most timely clinical therapeutic trends of cannabis
usage in oncology. We will review its benefits and haz-
ards and suggest that, before considering the use of
medical cannabis in oncology, good clinical judgment
should be determined if timing and indications for such
treatment are appropriate.
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Using cannabis in oncology for disease symptoms and treatment-
related adverse effects

The effect of cannabis on various cancer-related symptoms relies on self-
reporting for many variables, and often a control arm is missing in the majority
of the published studies. A prospective observational study that included two
interviews based on questionnaires that evaluated symptoms and side effects
showed that many cancer-related symptoms improved significantly with can-
nabis consumption (p G 0.001) [25]. No significant side effects except for
memory loss in patients with prolonged cannabis use (p = 0.002) were noted.

Another study on cannabis use in over 3000 cancer patients showed a
significant improvement in the control of other common symptoms, including
sleep problems (70.8%), fatigue (55.9%), anxiety and depression (74.1%), and
nausea and vomiting (54.7%) [26]. Only 18.7% of patients reported good
quality of life before treatment initiation, while 69.5% reported a good quality
of life at 6 months. Furthermore, 36% of the patients stopped using opioids,
and less than 20% discontinued their cannabis treatment. Of these, only 19.3%
stopped due to side effects.

Cannabis is known to improve spasticity (including muscle cramps) in MS
patients [27]. This effect was reported in a case study where cannabis use
resulted in a significant reduction in the frequency of the muscle spasms and
the level of pain in vismodegib-related muscle cramps in a patient with ad-
vanced basal cell carcinoma [28].

Cancer-related pain

CB1 receptors in the brain (hippocampus, associated cortical regions, cerebel-
lum, and basal ganglia) are thought to modulate nociceptive processing in the
brain, independently and in synergism with exogenous opioids and peripheral
cannabinoid receptors that have been implicated in anti-nociception by activa-
tion of noradrenergic pathways [29]. THC binds as a partial agonist to the G
protein–coupled cannabinoid receptors CB1 and CB2. It is thought to be
responsible for most of the therapeutic effects attributed to cannabis, including
mitigating pain, spasticity, nausea, insomnia, and appetite loss [30, 31].

Systematic reviews regarding the benefits of medicinal cannabis for the
management of pain reveal mixed recommendations [11, 32, 33•, 34, 35,
36]. A study that aimed to assess the efficacy of medicinal cannabis for relieving
pain in patients with malignant disease demonstrated a significant analgesic
effect in 15 of 18 trials as compared to placebo [37•]. Nevertheless, a review
from the College of Family Physicians of Canada (CFPC) recommended against
the use of medicinal cannabis as a first- or second-line treatment to alleviate
cancer pain (strong recommendation) [38•].

A randomized, placebo-controlled trial, which included 177 patients with
cancer painwho experienced inadequate analgesia despite chronic opioid dosing,
showed statistically significant pain reduction with THC/CBD compared with
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placebo, while the THC group showed a non-significant improvement. Twice as
many patients taking THC/CBD showed a reduction of more than 30% from
baseline pain numerical rating scale (NRS) score when compared with placebo.
There was no change from baseline in median doses of opioid background
medication, and the side effects were mild to medium only [39].

The long-term use of the THC/CBD spray is generally well-tolerated, with no
evidence of a loss of effect for the relief of cancer-related pain with long-term
use. According to a study including 43 patients evaluating the long-term safety
and tolerability of THC/CBD and THC sprays, the effect of consumption was
sustained for as long as 2 years without the need for elevations in opioid
dosages [40]. THC/CBD spray (nabiximols) also showed efficacy in reducing
the average daily pain from baseline and a reduction in sleep disruption
according to a randomized, double-blind, placebo-controlled study in patients
with advanced cancer and opioid-refractory pain [41]. This effect was mainly
observed in the groups treated with low (1–4 sprays/day) and medium (6–10
sprays/day) doses. Adverse events were dose-dependent and significant only in
the high-dose group (11–16 sprays/day). In two double-blind, randomized,
placebo-controlled phase 3 studies, nabiximols (Sativex®) did not demonstrate
superiority to placebo in reducing self-reported pain numerical rating scale
(NRS) scores in advanced cancer patients with chronic pain unalleviated by
optimized opioid therapy [42].

The opioid-sparing effects of cannabis were observed in preclinical and early
clinical studies [43]. Moreover, some evidence of potential synergistic relief of
pain with concomitant use of opioids has been demonstrated without signifi-
cantly altering plasma opioids levels [44]. For example, Bar-Sela et al. per-
formed an observational study evaluating patient-reporting cancer-related
symptoms using medical cannabis and found not only pain reduction but also
reduction of opioid dose in near 50% of the subjects [25]. Cannabis cigarettes
or vaporized cannabis was found to be effective in improving neuropathic pain
according to two small randomized studies [45, 46].

Chemotherapy-induced nausea and vomiting

Medical cannabis is increasingly used in the management of chemotherapy-
induced nausea and vomiting (CINV). As mentioned above, dronabinol and
nabilone were approved by the FDA for refractory nausea and vomiting and
were included in the recent national comprehensive cancer network (NCCN)
guidelines for anti-emesis [47]. Since endocannabinoid receptors richly popu-
late the neuronal tracts for emesis, they are chosen as designated targets for
treating CINV. CB-1 receptors are found in the dorsal vagal complex, which
contains vagal outputs in the gastrointestinal tract and regulates emesis. Acti-
vating these receptors by THC demonstrated anti-emetic effects [48]. Results
from several preclinical studies suggest that CBD has anti-inflammatory, anal-
gesic, anti-nausea, antiemetic, anti-psychotic, anti-ischemic, anxiolytic, and
anti-epileptic impact [15]. Animal studies with delta-9-tetrahydrocannabinol
and cannabidiol showed higher activity in suppressing anticipatory nausea than
ondansetron (5-HT3 antagonist) [49].

In a small, controlled, randomized, “double-blind” experiment, oral tetra-
hydrocannabinol had anti-emetic properties and was significantly better than a
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placebo in reducing vomiting caused by chemotherapeutic agents [50]. A
blinded, placebo-controlled trial comparing dronabinol, ondansetron, or a
combination, for delayed CINV, showed non-inferiority for dronabinol versus
ondansetron, without any synergism [51]. A small phase II study investigated
nabiximols in 16 patients and found that 4.8 sprays daily was more effective
than placebo in conjunction with standard anti-emetics [52].

A meta-analysis that included over 1100 patients from 30 randomized
controlled studies found a statistically significant difference in favor of the
cannabinoids over neuroleptic drugs in the treatment of CINV: RR=0.33
(CI=0.24–0.44; p G 0.00001) [53]. Two additional systematic reviews compar-
ing THC to older anti-emetics in first-line therapy demonstrated greater effec-
tiveness of cannabinoids, especially in medium-emetogenic chemotherapy
regimens [54, 55]. A synergistic effect of dronabinol and prochlorperazine
was shown in an RCT with a reduction in occurrence, duration, and severity
of CINV [56]. However, a comprehensive meta-analysis found low-quality
evidence for improvement in CINV [32].

Most of the anti-emetic research that was conducted compared medical
cannabis treatment to placebo or various neuroleptic drugs. However, these
studies did not compare cannabinoids with the anti-emetogenic new medi-
cines, as the potential role of smoked marijuana in treating CINV. Thus,
cannabis should be prescribed as an anti-emetic drug only when conventional
anti-emetogenic treatment has failed.

Anorexia and cachexia

Cancer-related cachexia and anorexia syndrome (CACS) is a common phenom-
enon in patients with advanced cancer [57]. The effect of cannabis on appetite
and weight gain is unclear as studies show mixed and conflicting results. In a
survey that included less than 50 patients, improvement in taste, smell percep-
tion, appetite, and caloric intake in patients receiving chemotherapy in the
dronabinol arm was demonstrated compared to placebo [58]. However, this
study did not compare dronabinol to other effective drugs, such as megestrol
acetate. In another study, which included 243 patients randomized to three
arms—THC/CBD, THC alone, or a placebo—no significant differences between
the groups could be observed regarding the improvement of appetite or weight
gain [59]. It is worth noting that cannabinoid dosages in the study were low
compared with other studies. A more extensive survey, including 469 advanced
cancer patients suffering from a substantial weight loss, randomized patients to
three treatment arms: dronabinol, megestrol acetate, or both together. A higher
percentage of patients in the megestrol acetate arm reported appetite improve-
ment compared with the dronabinol arm: 75% versus 49% (p = 0.0001) [60].
Combination therapy did not appear to confer additional benefit. In a further
small, single-arm study aimed to evaluate the effect of dosage-controlled can-
nabis capsules on CACS in advanced cancer patients, a weight increase of ≥ 10%
in 3/17 (17.6%) patients with a dose of 5mgX1 or 5mgX2 capsules daily,
without significant side effects, was reported [57]. These results justify a more
extensive study with dosage-controlled cannabis capsules in CACS. In summa-
ry, it seems that cannabis has aminor positive effect on CACS, but this effect did
not prove superiority to other effective drugs, such as megestrol acetate.
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Sleep disturbances, depression, and anxiety

No research yet has addressed the effect of sleep disturbances in oncology
patients influenced directly by cannabis. In one study, no significant differences
were found in the non-restorative sleep (NRS) quality with cannabis in cancer
patients [39]. Another study showed an improvement from baseline of insom-
nia with THC/CBD base in the European Organization for Research and Treat-
ment of Cancer Quality of Life Questionnaire-C30 [40].

A large meta-analysis by Whiting et al. found a positive association
between cannabinoids and improved sleep quality, but the study cohort
included not only oncology patients [32]. This meta-analysis found no
trials evaluating depression fulfilled inclusion criteria. Positive results were
found, however, in individuals with social anxiety disorder, as well as in
anxiety outcomes in patients with chronic pain. A recent review found
improved sleep latency and sleep continuity in insomnia patients and pain
reduction and improved subjective sleep quality in patients with sleep
disturbances secondary to chronic pain [61•]. Overall, it seems that can-
nabis has positive effects on sleep and anxiety, especially with patients
suffering from cancer-related pain.

Cannabis and immunotherapy

CB2 receptor (CB2R) is widely expressed in immune cells when agonists
that target this receptor have the potential to alter immune function.
Studies show that cannabinoids interacting with the CB2 receptor, includ-
ing 9-THC and CBD, have potent immunosuppressive effects [62]. More-
over, by activating CB2 receptors, 9-THC increases the production of IL-4,
and IL-10 stimulates Th-2 and inhibits Th-1 responses, resulting in a pro-
cancer effect [63]. Furthermore, in a brain tumor model, CB2 agonists
caused downregulation of inflammatory pathways, reduced cytokine secre-
tion by lymphocytes, and inhibited adhesion molecules and chemokines
[64]. In breast carcinoma cell lines, 9-THC increased tumor growth by
suppression of the anti-tumor immune response [65]. In a clinical obser-
vational study, cannabinoids significantly reduced response rate to immu-
notherapy treatment, without a difference in overall or progression-free
survival, after considering confounders such as performance status and
cannabis composition. The authors suggest a possible interaction between
the two treatment modalities [66]. In a recent study by Bar-Sela et al., they
enrolled 102 patients with advanced cancers initiating immunotherapy
treatments. Cannabis users showed a significant decrease in time to treat-
ment progression (TTP) and decreased overall survival (OS). Also, the use
of cannabis reduced immune-related adverse events (iAE) [67••]. In con-
clusion, we recommend using cannabis with caution in oncology patients
being treated with immunotherapy and suggest prescribing cannabis only
when there are clear indications and expected benefits.
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Cannabis as a potential anti-cancer treatment

Although cannabinoids are clinically used for palliative indications, recent
studies open a promising possibility as anti-cancer agents. Several well-
studied cell signaling pathways and biological processes are implicated in the
connection between the endocannabinoids (eCBs) system and cancer [68•].
These pathways and processes include cyclic adenosine monophosphate
(cAMP), mitogen-activated protein kinase (MAPK), protein kinase b (Akt),
ceramide, reactive oxygen species (ROS) and id-1, epidermal growth factor
(EGFR) family, and cancer stem cells (CSC). In line with this, preclinical
evidence has shown that phytocannabinoids might have anti-cancer effects as
well as anti-mitotic, anti-metastatic, anti-angiogenic, and pro-apoptotic effects
in different in vitro cancer cells [69, 70].

For example, it was found that changes in the levels of eCBs metabolizing
enzymes and cannabinoid receptors on pancreatic cancer cells may affect the
prognosis and pain status of pancreatic cancer patients in a pivotal in vitro study
[71]. Synthetic cannabinoid addition caused apoptosis in a significant portion
of the cells in vitro [72, 73]. Two main cancer cell signaling pathways (the
MAPK signaling pathway and the PI3K/Akt pathway) are involved in cannabi-
noid receptor reactions, and synthetic agonists of cannabinoid receptors in-
crease the activity of these pathways, while antagonists block them [74]. Addi-
tional research has shown in vivo growth inhibition in murine models of lung
carcinoma, glioma, thyroid epithelioma, lymphoma, and skin carcinoma [75].
Several in vitro studies suggested a potential synergism between cannabinoids
with conventional chemotherapy [76–80] or radiation [81].

One clinical phase I trial was published on the intra-tumoral administration
of 9-THC on nine patients with glioblastomas who had failed standard therapy
[82]. THC administrationwas safe, and no significant side effects appeared on the
nervous system or systemically. Two patients underwent another biopsy that
showed reduced tumor cell proliferation and a decrease in tumor vascularization.
Another small randomized placebo-controlled phase 2 study, including 21 pa-
tients, provided preliminary evidence that 1:1 CBD: THC offers some efficacy in
patients with recurrent GBM when used as an adjunct to dose-intense temozolo-
mide and confirmed the safety and feasibility of individualized dosing [83]. In
2011, two cases were reported of pilocytic astrocytomas having a complete
response after a few years with residual disease directly correlated to cannabis
inhalation [84]. In 2013, another article reported the case of a child with acute
lymphoblastic leukemia for whom different cannabis preparations appeared to
have a dose-dependent effect on the number of circulating blasts [85].

Despite extensive research, the anti-neoplastic effects of cannabis treatment
in humans are still mostly anecdotal. Time-to-tumor progression (TTP) or
overall survival (OS) has never been tested as secondary endpoints as part of
the research hypothesis in many studies that examined the effects of cannabi-
noids in cancer patients. To date, there is no phase II or III clinical trials large
enough to provide the necessary evidence to support the anti-cancer effects of
medical cannabis.
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Adverse effects and risks

Cannabinoids or synthetic drugs based on phytocannabinoids are considered
medically safe [86]. The main reason for these drugs’ safety profile is the lack of
cannabis receptors in the brain stem, thus preventing life-threatening side effects
that exist, for example, in morphine-based medications [87]. Therefore, a cau-
tious titration period with approved medical cannabis should be employed to
determine the optimal dose and prevent and minimize some of the adverse
events. Acute adverse effects include redness of the eyes, tachycardia,
bronchodilation, and muscle relaxation. These adverse effects are due to the fact
that cannabinoid receptors are present in other tissues throughout the body [39]
(Fig. 1a). Another substantial acute adverse effect is the psychoactive effect of the
plant, mostly depending on concentration and THC dosage. The psychoactive
effect includes dizziness, euphoria, difficulty concentrating, disturbances in think-
ing, memory loss, and loss of coordination [88]. High tolerance to many of the
psychoactive effects of cannabis has been documented in chronic heavy users,
presumably due to CB1 receptor downregulation by THC [89]. It also appears
that the subjective “high” or euphoric effect of THC usually occurs at higher doses
than necessary for pain control [90]. CBD side effects at high doses (20 mg/kg)
are diarrhea, vomiting, fatigue, pyrexia, somnolence, and abnormal results on
liver-function tests [9, 91]. Sub-psychoactive doses as little as 2.5 mg of THC or
less, with or without CBD,may offermany of the therapeutic benefits of cannabis
while avoiding intoxication [92•]. CBD at lower doses may improve the tolera-
bility and safety of THC by reducing many of the unwanted side effects (e.g.,
cognitive impairment, anxiety, paranoia, tachycardia) [16]. Therefore, it is ad-
vised to start with the lowest possible dose in cannabis-naïve patients and follow
the general rule: “Start low, go up slow and stay low” [22••].

Long-term adverse effects of cannabis use, particularly at high intake levels, are
associated with several undesirable psychosocial features, including lower edu-
cational achievement and, in some instances, psychiatric illness [93]. Neverthe-
less, the short time use of cannabis by cancer patients did not have a significant
influence on cognitive skills [94]. Several studies indicate that the epidemiolog-
ical link between cannabis use and schizophrenia probably represents a causal
role of cannabis in precipitating the onset or relapse of schizophrenia [95]. A
weaker but significant relationship between cannabis and depression has been
found in various cohort studies, but the nature of the link is not yet explicit [96].
Persistent cannabis consumptionwas associatedwith neuropsychological decline
broadly across domains of functioning, even after controlling for years of educa-
tion. Impairment was concentrated among adolescent-onset cannabis users, with
more persistent use associated with a more significant decline [97]. There is little
evidence, however, that long-term cannabis use causes permanent cognitive
impairment, nor is there are any apparent cause and effect relationship to explain
the psychosocial associations according to another study [98]. Cannabis
hyperemesis syndrome (CHS) is a rare side effect of unclear origin, a syndrome
of cyclic vomiting associated with cannabis use, with no more than 80 reported
cases, mostly in chronic cannabis users [99].
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Dependence is another potential long-term adverse effect. Abrupt termina-
tion of cannabis use can cause withdrawal side effects like discomfort, lack of
sleep, heat flashes, and nausea. Although these effects are reported to be mild,
they are clinically significant since they can functionally impair normal daily
activities and eventually cause a relapse of cannabis use [100]. It is worth noting
the difficulty in diagnosing cannabis withdrawal syndrome (CWS) because
symptoms do not occur immediately after cessation due to the accumulation
of cannabinoids in the fat tissues of the body and their slow release into the
plasma [101]. According to a recent review and meta-analysis, the overall
pooled prevalence of CWS was 47% [102]. Although no specific study has been
made with cannabis in patients with significant hepatic or renal impairment, it
can be expected that effects would be more exaggerated or prolonged in these
patients, taking into consideration that phytocannabinoids bind to plasma
proteins and are unlikely to be removed by hemodialysis [103]. Furthermore,
blood THC concentrations 2–5 ng/mL is associated with substantial driving
impairment, particularly in occasional smokers, and higher accident culpability
risk of drivers using cannabis [104].

Cannabis and risk for cancer

Whether cannabis smoking is a risk factor for cancer illnesses is unclear, and
data from several studies are inconclusive. Cannabis smoking combustion
products include tobacco carcinogens, such as nitrosamine and polycyclic
aromatic hydrocarbons, products that are highly suspected of being associated
with lung, head, and neck cancer (HNC) and bladder cancer [105]. Chronic
inflammatory and precancerous changes in the airways have been demonstrat-
ed in cannabis smokers, and a case-control study shows an increased risk of
lung cancer that is proportional to the amount of cannabis use [106]. Popula-
tion studies conducted in North Africa show a direct connection between
consumption of cannabis and nasopharyngeal carcinoma (NPC), independent
of cigarette smoking [107], and a significant increase in lung cancer when
cigarette smoking and cannabis smoking are combined, compared to smoking
each separately [108]. A link between cannabis consumption and testicular
cancer has been explored in several studies, the largest of which included
50,000 Swedish men and found higher incidence only in heavy cannabis users
[109]. Conversely, other studies do not support the potential increased risk for
cancer with cannabis smoking when pooled analysis data of the INHANCE
consortium, including more than 4000 HNC patients and more than 5000
controls, showed no elevated risk for HNC among marijuana smoking [110].
Furthermore, smoking marijuana for 10–20 years was associated with a signif-
icantly reduced risk for HNC after adjusting for confounders in another case-
control study [111].

Cannabis and anti-neoplastic drugs interactions

Themetabolism of THC and CBD is not yet completely understood. It is carried
out by the cytochrome P450 system, producing a considerable variance in
pharmacokinetics between the oral and inhaled routes [112–114]. Interaction
with potent CYP3A4 inhibitors, such as protease inhibitors, clarithromycin,
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ketoconazole, and sildenafil, has been mentioned in the literature but only as
isolated case reports and does not seem to be clinically relevant [115, 116].
Cannabidiol’s inhibitory effect on CYP 2C9 could increase warfarin’s effect
[117]. Evidence for potential interaction between pharmaceutical CBD formu-
lations (5–50 mg/kg/day) and anti-neoplastic drugs in adults and children has
also been reported [118]. This could also influence the therapeutic index on
some anti-neoplastic drugs that have hepatic metabolism in the cytochrome
P450 enzyme system. In one study, 24 cancer patients were treated with
intravenous irinotecan (600 mg, n = 12) or docetaxel (180 mg, n = 12), follow-
ed 3 weeks later by the same drugs concomitant with medicinal cannabis taken
in the form of 200-ml herbal tea, containing 18% THC and 0.8% CBD, for 15
consecutive days, starting 12 days before the second treatment. The adminis-
tration of cannabis did not significantly influence exposure to and clearance of
irinotecan or docetaxel, although the herbal tea route of administration may
not reproduce the effects of inhalation or oral ingestion of fat-soluble cannabi-
noids [119].

Taken together, currently, there are little evidence-based data on how to
manage the use of cannabis with other drugs; it has been suggested that frail
patients using cannabis or those with polypharmacy issues should be advised
that cannabis may result in drug interactions that may impact the efficacy and
safety of their other medications [120]. Therefore, oncologists and other
healthcare providers have an essential role in educating patients about the safety
hazards and risks of its consumption [121].

Current barriers for cannabis use in cancer

The integration of cannabis in oncology faces many obstacles, including a lack
of clinical research data, poor clinical knowledge on how to initiate and
monitor cannabinoid treatments, and conflicting or confusing regulatory
frameworks. Legislation barriers that accompany a drug regulated as illicit
narcotics cause difficulty in undertaking clinical research. A survey published
in 2017 of adult cancer patients at a major cancer center in Seattle, WA, found
high rates of active cannabis use (24% in the last year) and also showed that
cancer patients desire but are not receiving information about cannabis from
oncology healthcare providers [122]. A survey of 237 US oncologists published
in May 2018 showed that, while only 30% felt sufficiently informed to make
recommendations regarding cannabis, 80% of oncologists conducted discus-
sions about cannabis with their patients, and 46% recommend cannabis clin-
ically. Additionally, 67% viewed it as a helpful adjunct to standard pain
management strategies, and 65% thought cannabis was equal to or more
effective than conventional treatments for anorexia and cachexia [123].

Similarly, a cross-sectional survey of Australian general practitioners showed
that 61.5%had received at least one patient inquiry regarding cannabinoid-based
treatments. Still, only 10% considered themselves as having sufficient knowledge
of this class ofmedication [124]. Therefore, oncologists are challenged about how
to knowledgeably address questions, provide professional recommendations,
and confidently authorize medical cannabis. Educational programs for medical
staff are warmly advised for medical staff who treat cancer patients.
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Future directions

Cannabis will undoubtedly play amore significant role in oncology in the years
to come, but there are still obstacles to overcome. Larger scale randomized
control trials are challenging to conduct due to regulative issues. Exact doses of
medical cannabis vary widely and depend upon individual patient needs and
tolerance of side effects. The appropriate concentration of THC and CBD and
the route of administration according to the patients’ indication of use is
another major challenge in the field. The regularization of themedical cannabis
field is a complex, unique, innovative, and original process, into which consid-
erable efforts have been invested in its promotion, such as providing medical
care according to a regulated medical method and practice, enterprise, and
innovation to establish a wide array for the supply chain which operates
according to adequate quality principles and the promotion of the knowledge
and research in the field.

Moreover, defining clear clinical objectives with patients and their families is
of great importance in palliative care. Individual responses to cannabis can vary
considerably due to a different pharmacokinetic profile for different cannabi-
noid products in the market and various uncontrolled products, and subjects
cause severe intra- and inter-patient inconsistency in terms of bioavailability of
the drug.

To date, although cannabis holdsmany promises, patients and their families
should be reminded of the realistically achievable outcome ofmedical cannabis
treatments, especially when patients may choose to neglect critical anti-
neoplastic therapy in an attempt to self-medicate with cannabis without med-
ical monitoring. On the other hand, physicians should try to diminish preju-
dices related to the use of cannabis and minimize any stigma or lack of
knowledge regarding its consumption as a palliative treatment.
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