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Abstract

Background Cannabis is the most commonly used illicit drug worldwide. An increasing number of jurisdictions
are legalising cannabis for both medicinal and recreational use. The changing cannabis market has resulted in both
an increase in the number of people consuming these compounds, and an increase in the frequency and quantity
of cannabis being used. Endogenous and exogenous cannabinoids act on receptors across the entire body including
the genitourinary system; however, there is a paucity of understanding of how cannabinoids affect genitourinary
malignancy.

Objective To present a narrative review of the available literature detailing the relationship between cannabis and
the incidence, diagnosis, and management of genitourinary malignancy.

Methods A comprehensive search was undertaken using the Ovid MEDLINE, Ovid Embase, and Cochrane
Central Register of Controlled Trials (CENTRAL) up to July 2021. Studies included case reports, case series, case-
control studies, and in vitro studies.

Results The search identified 40 studies in total: 8 described the relationship between cannabis and testicular
carcinoma, 20 related to prostate cancer, 5 to bladder cancer, 5 to renal cancer, 1 to penile cancer, and 1 study
examined testicular carcinoma, renal cell carcinoma, bladder cancer, and prostate cancer.

Conclusions Cannabis use has been linked to an increased risk of developing testicular tumours, whilst the
evidence for bladder cancer is mixed. There is no apparent increase in risk for prostate cancer, penile cancer, or
renal cell carcinoma; however, this evidence was based on a very small number of patients. There remains a lack of
understanding of the relationship between cannabis and genitourinary malignancy. With an expected increase in
cannabis use, monitoring for testicular tumour plus efforts to further understand its effects upon the genitourinary
tract will aid diagnosis and management.

Introduction

Cannabis has been used by human populations for thousands of years for multiple reasons, but more recently for its
perceived medicinal benefits. The United Nations World Drug Report 2021 estimates that cannabis is used by 4% of
the global population between the ages of 15 and 64 years|1]. Cannabis is permitted for medicinal and/or recreational
use in many North American jurisdictions, and its increasing acceptance has resulted in an increase in the frequency
and number of people seeking to use it[1].

The active compounds in cannabis are referred to as cannabinoids and the primary active molecule is
A9-tetrahydrocannabinol (THC)[2]. Both exogenous and endogenous cannabinoids exert their effects in humans via
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Abbreviations

CB cannabinoid receptor

hCG human chorionic gonadotropin
RCC renal cell carcinoma

TGCT testicular germ cell tumours
THC tetrahydrocannabinol

UC urathelial carcinoma

2 main receptors: cannabinoid receptor 1 (CB1) and
cannabinoid receptor 2 (CB2)[2]. CB1 and CB2 are part
of the G-protein-coupled receptor superfamily, which
affects downstream signalling pathways. Receptors are
located all around the body, including within the male
urogenital system. The use of cannabis has been advocated
for the treatment of chronic pain, mental health disor-
ders, chemotherapy-induced nausea, and cancer-related
pain[3]. There have been many papers looking at quality
of life effects of cannabis, but few measuring effects on
disease process.

Genitourinary malignancies are a major global health
challenge, and there has been an increase in their inci-
dence over the past 30 years[4]|. Whilst prostate and blad-
der cancer generally affect older men, renal and testicular
cancer typically affect younger men. Each of these entities
represent a challenge to public health globally, and multi-
modal strategies to minimise their risk and improve their
management are required to ease their burden on health
systems and societies|4].

Given the increasing use of cannabis for both medi-
cal and recreational purposes, greater understanding is
needed of the potential effect of cannabis on urogenital
malignancies. The aim of this review is to establish the
current evidence for cannabinoids as a risk for develop-
ing genitourinary malignancy, and to assess their use as an
antineoplastic agent in urogenital malignancy.

Methods

We intended to complete a systematic review of the
effect of cannabis on the incidence of genitourinary
malignancy and its use as an antineoplastic agent, with
a meta-analysis if appropriate. However, there were
insufficient results to permit a quantitative analysis of
the outcomes. Therefore, we completed a qualitative
narrative review.

Search strategy

A comprehensive search strategy was undertaken using
the Ovid MEDLINE, Ovid Embase, Cochrane Central
Register of Controlled Trials (CENTRAL) from
inception to present, Google Scholar (first 200 citations
relevancy ranked); clinical trial registries; references of
included studies up to July 1, 2020. The search was

restricted to articles written in English. The following
words and MeSH terms were used: “cannabinoid,”
“cannabidiol,” “cannabinol,” “dronabinol,” “cannabis,”
“medical cannabis,” “(cannabi* or THC or tetrahydro-
cannabinol or dronabinol or hemp or bhang or
marijuana or marihuana or hashish or hash or skunk or
marinol or Nabilone or cesamet or sativex or
sinsemilla),” which were then crossed with any of the
following terms “exp urogenital tract cancer,” “exp
kidney cancer,” “([prostate or penis or penile or
testicular or germ cell or urothelial or testis or ureteric
or ureter or urinary or renal cell or kidney or bladder or
genital tract] and [cancer or carcinoma or tumour or
tumor or metastasis]).” Studies included observational
studies, such as case reports, case series, case-control
studies and in vitro studies, and interventional studies
such as randomised controlled trials and clinical trials.
Search terms were then used in other databases using
MEDLINE parameters. We used the Preferred
Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) statement to report results. The
review was prospectively registered on PROSPERO
2020 CRD42020195998.

Data extraction and screening

Sources were independently obtained and reviewed
by 2 individual authors to determine eligibility based
upon relevance. Publications’ titles and abstracts were
first reviewed for relevance to the topic. Appropriate
publications then underwent a full-text review. Articles
that passed this screening process were then included in
the manuscript based on the full text. Any disagreement
was resolved by the corresponding author. The
systematic review results are depicted in Figure 1.

Results

The search identified 40 studies in total. Eight described
the relationship between cannabis and testicular
carcinoma, 5 related to renal cancer, 5 related to
bladder cancer, one related to penile cancer, and
20 related to prostate cancer. One study examined
testicular carcinoma, renal cell carcinoma, bladder
cancer, and prostate cancer. Studies could be broadly
categorised into 2 groups: those examining the effect
the consumption of cannabis has on the incidence of
urogenital cancers, and those examining the effect of
cannabis or cannabinoids on the diagnosis, treatment
or follow-up of urogenital cancer.

Cannabis consumption is an independent risk factor
for the development of non-seminomatous germ cell
testicular tumours[5-8] (Table 1). There is no compel-
ling evidence that it affects B-HCG levels, although this
has earlier been suggested in case reports, and therefore
its use should not affect protocols for the post-treatment
follow-up of these tumours[9,10].
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One study examined the effect of cannabis consump-
tion on prostate cancer and found there was no increased
risk with its use[11], whilst a second found a decreased
risk[8] (Table 2). Nineteen studies examined the effect of
cannabinoids on prostate cancer cells and demonstrated
pro-apoptotic properties, identifying a potential novel
treatment pathway|[12-30].

Three studies indicated that cannabis appears to be
protective against bladder cancer, and this was further
strengthened by the results of 3 in vitro studies show-
ing that cannabis had pro-apoptotic effects on bladder
cancer cell lines[8,31-35] (Table 3). There has been no
relationship suggested between cannabis consumption

Records removed
before screening:
* Duplicate records removed
(n=1)

Records excluded
(n=501)
* Irrelevant
* Non-English papers
* Abstract only available

Records excluded
* Based on relevance
(n=0)

—

and penile cancer[36] (Table 4). One study has examined
the relationship between renal cell carcinoma (RCC) and
cannabis consumption and found a decreased risk[37];
however, in vitro studies demonstrated marked down-
regulation of CB1 compared with normal renal tissue,
potentially defining a new diagnostic marker[38-42]
(Table 5).

Discussion
Testicular Cancer

Testicular cancer is the most common cancer in
young men, and for reasons not yet understood, the
incidence is increasing in the Western world[43]. A 2009
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TABLE 1.

Summary of studies on the relationship between cannabis and testicular cancers

Invitro Level of Number of Risk or Exclusion

participants | management criteria

versus evidence
in vivo (Sackett)

No relationship between lifetime “ever”
cannabis use and development of testicular

Callaghan Severe mental  cancer (aHR 1.42; 95% Cl 0.83 to 2.45).
etal. Invivo  Cohort Il 49343 Risk or physical Significant association between heavy
(2017) conditions cannabis use (>50 times in lifetime) and

incidence of testicular cancer (aHR 2.57;
95% Cl 1.02 to 6.50) 2.5-fold increased risk.

Ever use of cannabis had a 2-fold increased

tfffl‘)” nvivo 0356 M e - risk (OR 1.94; 95% CI 1.02 to 3.68) of TGCT
(2012) control Sisny histological type compared to never
Frequent users (>1 daily) were more likely
to be diagnosed with TGCTs compared with
Trabert Case- Extragonadal  controls (OR 2.2; 95% CI 1.0 to 5.1). Frequent
etal. In vivo control 1] 335 Risk germ cell users (OR 3.1; 95% Cl 1.2 to 8.2) and long-
(2011) tumours term (>10 years) users (OR 2.4; 95% CI 1.0
to 6.1) were significantly more likely to have
non-seminoma diagnosis.
Current cannabis users were more likely
to be diagnosed with TGST (OR 1.7; 95%
Cl 1.1 to 2.5) with association between
Daling Case- Choriocarcinoma non-seminoma/mixed histology tumors
etal. In vivo trol [ 369 Risk tUmoUrS (OR 2.3; 95% Cl 1.3 to 4.0). Age at first use
(2009) contro (age <18 OR 2.8 versus age > 18 OR 1.3)
and frequency of use (daily or weekly OR
3.0 versus less than once per week OR 1.8)
modified risk.
Huang _ PreviOL_Js cannabis use increased the risk
etal In vivo m 64730 Risk of testlcular cancer (HR 1.12; 95%_CI 0.49
(202'2) Cohort to0 2.52). This did not reach statistical
significance.
Braunstein Cannabis does not affect serum HCG levels,
etal. Invivo  Cohort \ 16 Treatment A9-THC in male pooled serum did not affect
(1985) HCG radioimmunoassay.
Hogan Synthetic Nabilone (cannabinoid similar in
etal. In vivo Cohort v 6 Treatment structure to L-A9 tetrahydrocannabinol) had
(1983) no effect on HCG levels.
Garni Following treatment of TGCT, HCG was
il : elevated in two regular cannabis smokers
etal. In vivo Cohort [V 2 Treatment h lised followi X '
(1980) owever normalised following ceasing

cannabis.
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TABLE 2.

Summary of studies on the relationship between cannabis and prostate cancers

In vitro Level of
versus evidence
in vivo (Sackett)

Number of | Risk versus Exclusion
participants | management criteria

Author

(year)

Cancer diagnosis

Sidney . No association between prostate cancer
etal. In vivo Cohort 1l 64855 Risk ?QBA?ISS;HD{\'/W risk between ever users or never users of
(1997) diagnosis cannabis (OR 1.3; 95% CI 0.6 to 2.6).
Mg Previous cannabi§ llis(i{\évgsg%rogg;ti\é? 504{6
. - prostate cancer ris .92; 99% .
thoazlé) e Gl . Lt sl to 0.58). When adjusted for family history,
HR 0.83; 95% Cl 0.74 to 0.94).
Cannabinoid WIN significantly reduced
prostate cancer cell proliferation,
Roberto _ migration, invasion, induced apoptpsis,
etal In vitro Experimental v Treatment and arrested cells in Go/G1 ph_as_e ina
(2019) study dose-dependent manner. Administration
of WIN resulted in a reduction in the
tumor growth rate compared to control
in athymic mice (P< 0.05).
Cannabinoid Chromenopyrazoledione
derivative 4 (PM49), inhibits prostate
LNCaP cell viability (IC50 % 15 mM)
Morales through oxidative stress mechanism,
etal. Invitro  Experimental V Treatment PPARg receptor and partially CB1
(2013) receptor. In in vivo treatment, derivative
4 at 2 mg/kg, blocks the growth of LNCaP
tumors and reduces the growth of PC-3
tumors generated in mice.
Pictrovito Cannabin_oid WIN negatively affe_cted
etal Invitro  Experimental v Treatment CAFTmed_lated cancer cells INVasIveness
(ZOZb) and |mpa|red_act|va‘t|0n and reactivity of
cancer-associated fibroblasts (CAFs).
Variability observed with differing
cannabis compounds and extracts.
Baram A9-trans-tetrahydrocannabinol (A9-THC)
etal. Invitro  Experimental V Treatment dr']d LG praciuas th_e same effecjts as
(2019) the Wh(_)le cannabis extracts. Differing
cannabis extracts had differing effects
dependant on specific prostate cancer
cell line and extract’s composition.
Cannabidiol significantly reduced
exosome release in PC3 cancer cell
lines. Modulating effects were dose
Kosgodage dependent (1 and 5 uM). Evidence to
etal. Invitro  Experimental v Treatment suggest cannabidiol may be associated
(2018) with changes in mitochondrial function,

including modulation of STAT3 and
prohibitin expression, CBD can be used to
sensitize cancer cells to chemotherapy.
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TABLE 2.

Summary of studies on the relationship between cannabis and prostate cancers, Cont’d

Author

(year)

In vitro
versus
invivo

Risk versus
management

Exclusion
criteria

PI3K/Akt/AMPK may be an important
axis modulating prostate cancer

Morell neuroendocrine differentiation.
etal. Invitro  Experimental Treatment Cannabinoid WIN was found to
(2016) block PI3K/Akt/AMPK and therefore
cannabinoids may have therapeutic
potential against NE prostate.
CB1 and CB2 receptors are more highly
expressed in higher Gleason score
Orellana- prostate cancer cell lines. Treatment of
Serradell Invi . these cells with synthetic cannabinoid
nvitro  Experimental Treatment P
etal. analogs produces a cell growth inhibitor
(2015) effect via an apoptotic pathway which is
dose-dependent and mediated via the
CB1 receptor.
Cannabidiol was associated with down-
regulation of androgen receptors,
pb3 activation and elevation of reactive
DePetrocellis 0Xygen species. It was pro-apoptotic in
etal. Invitro  Experimental Treatment prostate cancer cell lines and enhanced
(2013) effects of docetaxel and bicalutamide
against xenograft tumors and when
given alone reduced tumor size in
some cell lines.
Nithipatikom Endocannabinoids through CB1
etal. Invitro  Experimental Treatment activation suppress migration of
(2012) prostate cancer cells.
Cannabinoids were demonstrated to
inhibit prostate cancer cell line growth
and induced mRNA expression of several
Sreevalsan phosphatases. Of note the addition of
etal. Invitro  Experimental Treatment a phosphatase inhibitor was shown to
(2011) prevent apoptosis which suggests a
potential a role of phosphatases cell
death in prostate cancer cells with
cannabinoids.

Nithioati There was observed dose-dependent
ithipatikom innibition of cell proliferation in prostat
etal. Invitro  Experimental Treatment inhibition of et prolteration in prostate

(2011) cancer cancer c'ells, in the'pr_esgn_ce of
endocannabinoid hydrolysis inhibitors.

B Through anti-proliferative effects

rown ; -
. . certain omega-3 fatty acids may act

etal. Invitro  Experimental Treatment s

(2010) as endocannablnmds in prostate cancer
cell lines.
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TABLE 2.

Summary of studies on the relationship between cannabis and prostate cancers, Cont’d

Level of
evidence
(Sackett)

In vitro
versus
invivo

Exclusion
criteria

Risk versus
management

Number of
participants

Author

(year)

Higher prostate cancer severity (Gleason

Chung grade) was associated with higher tumor
etal. Invitro  Experimental Vv Treatment CB1 receptor immunoreactivity and lower
(2009) disease specific survival in prostate tissue
specimens.
Olea-Herrero By decreasing prostate cancer epithelial
etal. Invitro  Experimental Vv Treatment cell proliferation CB2 agonists may have a
(2009) role in the treatment of prostate cancer.
A synthetic CB2 agonist exerts anti-
proliferative effects in prostate cancer
Olea-Herrero . . cells. Treatment of mice with prostate
etal. Invitro  Experimental v Treatment xenograft tumors with a CB2 agonist
(2009) resulted in significant reduction in
tumor growth
Mixed CB1/CB2 agonists can cause the
Sarfarazet . i Experimental v Treatment arrest of prostate cancer cells in the cell
al (2006) cycle and induction of apoptosis.
Mixed CB1/CB2 agonists induced time
and dose-dependent apoptosis, decreased
protein and mRNA expression of androgen
Sarfaraz et Invitro  Experimental v Treatment receptors, reduction of intracellular
al. (2005) protein and mRNA expression of PSA,
and decreased PSA level in prostate
cancer cells.
Cannabinoid C1 receptor mediated
Velasco . . A9-tetrahydrocannabinol stimulation of
etal. InVitro - Experimental v Treatment nerve growth factor production in prostate
(2001) cancer PC-3 cells.
Prostate cancer cell proliferation was
Melck . . inhibited by endogenous ligands of
etal. Invitro  Experimental v Treatment cannabinoid receptors when induced
(2000) by exogenous prolactin.
Ruiz A9-tetrahydrocannabinol demonstrated
etal. Invitro  Experimental V Treatment dose-dependent apoptotic effect on
(1999) prostate cancer cells PC-3.

(age < 18 years [OR 2.8] versus age > 18 years [OR 1.3])
as does daily or weekly use (OR 3.0) versus less than once
per week use (OR 1.8)[5].

population-based case-control study of 369 patients
aged 18 to 44 found that men with testicular germ cell
tumours (TGCT) were almost twice as likely to be
current cannabis smokers (OR 1.7; 95% CI 1.1 to 2.5)[5].

When further stratified by histological type, there was
a stronger association between non-seminomatous or
mixed tumours (OR 2.3; 95% CI 1.4 to 4.0). Younger age
at first use and frequency of use appear to increase risk

Trabert et al. compared males diagnosed with TGCT
and male friend controls, finding that patients with
TGCT were more likely to be frequent cannabis users
compared with controls (OR 2.2; 95% CI 1.0 to 5.1).
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TABLE 3.

Summary of studies on the relationship between cannabis and bladder cancer

Level of
evidence
(Sackett)

In vitro
versus
invivo

Number of

Risk versus
participants | management

Exclusion
criteria

Thomas
etal. In vivo
(2015)

Cohort 1l 84170

Chacko
etal. In vivo
(2006)

Case-control I 124

Huang
etal In vivo

. Cohort 1]
(2022)

151945

Bettiga
etal. In vitro
(2017)

Experimental V

Gasperi
etal. In vitro
(2015)

Experimental V

Yamada
etal. In vitro
(2010)

Experimental V

Treatment

Treatment

Treatment

At 11 year follow up time cannabis use only
(no tobacco use) was associated with a 45%
reduction in bladder cancer incidence (HR
0.55; 95% Cl, 0.31 to 1.00).

Risk

In patients with urothelial carcinoma,
cannabis use significantly correlated

Risk with tumor stage, grade, and number of
recurrences suggesting possible increased
risk of TCC.

Previous use of cannabis was associated
with a reduced risk of bladder cancer (HR

Risk 0.66; 95% CI 0.51 to 0.86). When adjusted
for tobacco smoking and gender, HR 0.77;
95% Cl 0.58 to 1.02.

Exposure to cannabinoid receptor CB2
agonists inhibited bladder cancer growth,
down-modulated Akt, induced caspase
3-activation and modified SL metabolism,
overall leading to bladder cancer cell
apoptosis.

Endocannabinoids can exacerbate pro-
inflammatory status in human urothelial cell
carcinoma cell lines by binding to CB1 and
CB2 receptors and allowing T lymphocytes to
adhere to treated cancer cells. CB1 inverse
agonist decreases cancer proliferation by
delaying cell cycle progression.

Vanilloid receptor is more abundantly
expressed in high-grade urothelial carcinoma
cells, and administration of cannabidiol
results in dose-dependent apoptosis via
influx of calcium.

Additionally, they found that patients with non-
seminoma were significantly more likely than controls
to be frequent and long-term users (OR 3.1; 95%CI 1.2 to
8.2 and PR 2.4 and 95% CI 1.0 to 6.1)[7].

A further population-based case-control study from
2012 including 163 patients with 269 age and ethnici-
ty-matched controls demonstrated that compared with
no THC use, previous THC use increased the risk of
TGCT (OR 1.94; 95% CI 1.02 to 3.68). When stratified
by histological sub-type, there was a specific association
between non-seminoma and mixed histology tumours
(OR 2.42; 95% CI 1.08 to 2.42)[6].

A meta-analysis of the above studies found that for
current, chronic, and frequent users, there is an associ-
ation with the development of TGCT, compared with
those who have never used[44]. Previous use of canna-
bis increased the odds of TGCT development by 62%
(OR 1.62; 95% CI 1.13 to 2.31) and a use frequency of
weekly or more appeared to double the odds of TGCT
development (OR 1.92; 95% CI 1.35 to 2.72). Duration
of cannabis use (> 10 years versus never used) increased
likelihood of TGCT development (OR 1.5; 95% CI
1.08 to 2.09)[44].

A cohort study by Huang et al. has examined United
Kingdom biobank specimens of individuals with infor-
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TABLE 4.

Summary of studies on the relationship between cannabis and penile cancer

Level of
evidence
(Sackett)

In vitro

Number of
versus

invivo

Risk versus
participants | management

Exclusion
criteria

Maden
etal. In vivo
(1993)

Case-control Il 465

Use of cannabis was not significantly
Risk associated with risk of penile cancer
(OR 1.5, 95% CI 0.7 to 2.3).

mation on cannabis use[8]. After examining 64730
samples, it demonstrated a minimally increased risk of
developing testicular carcinoma (HR 1.12; 95% CI 0.49
to 2.52), this was not statistically significant (P = 0.793).

A cohort study of 49 343 Swedish males born between
1949 and 1951 found that there was no evidence of a
significant relationship between previous cannabis use
and the subsequent development of testicular cancer (119
testicular cancer cases, adjusted HR 1.42; 95% CI 0.83 to
2.45)[45]. However, heavy cannabis use (> 50 times in a
lifetime) was associated with an increased incidence of
testicular cancer (HR 2.57; 95% CI 1.08 to 5.42)[45].

In a 2-patient case series by Garnick et al. elevated
serum B-hCG levels returned to normal following cessa-
tion of cannabis use[10]. As f-hCG is a tumour marker
for some testicular cancers, its implications in follow-up
were believed to be significant. Two subsequent small
series examining a combined 22 patients determined
that THC did not affect B-hCG levels[10,46]. Further
investigation is warranted in this younger population
where reported cannabis use rates are increasing.

Cannabis use appears to be an important risk factor
for TGCT. Whilst research to date demonstrates an
apparent effect on incidence, more should be done to
understand the mechanism of action and to potentially
generate novel targets for treatment.

Penile Cancer

Penile cancer accounts for < 1% of cancers in men
annually[43]. A 2003 single case-control study by Maden
et al. found no relationship between cannabis use and
penile cancer[36]. At the time of this review there were
no publications examining cannabis as a treatment arm
for penile cancers. This highlights the need for further
research and understanding in this area.

Prostate Cancer

Prostate cancer is the second most commonly diagnosed
cancer in men worldwide, accounting for approximately
15% of male cancer diagnoses each year[43]. Only one
observational study has examined the relationship

between cannabis use and prostate cancer incidence.
This retrospective study examined several different
malignancies, and found that when adjusted for
confounding factors, previous use of cannabis did not
confer a higher risk of prostate cancer in comparison
with non-use (RR 1.3, 95% CI 0.6 to 2.6)[11]. Huang et
al. demonstrated a reduction in incidence with previous
use of cannabis (HR 0.52; 95% CI 0.46 to 0.58), which
was statistically significant (P < 0.001). When adjusted
for family history, HR 0.83; 95% CI 0.74 to 0.94)8].

A number of studies have examined cannabis and its
derivatives, as well as cannabinoid receptors, as poten-
tial treatment targets for prostate cancer. Synthetic
cannabinoid WIN 55-212,2 (WIN) has been shown
to reduce prostate cancer cell proliferation, migration,
and invasion, and to induce apoptosis and arrest cells in
Go/Gl phase in a dose-dependent manner by acting as
an agonist on receptors CB1 and CB2[15-22,27,29,30].
Mechanistic studies revealed these effects were medi-
ated through a pathway involving cell cycle regulators
p27, Cdk4, and pRb|[12,13,25,26,28]. However, it should
be noted that in vitro studies demonstrated significant
variability between differing cannabis compounds and
extracts, with effects dependent on specific prostate
cancer cell lines in addition to the extract’s composi-
tion|[14,24].

There is currently a paucity of high-level evidence for
the risks of cannabis use and potential for developing
prostate cancer, although promising models for canna-
binoids as a targeted treatment for prostate cancer do
exist.

Bladder Cancer

Urothelial carcinoma (UC) of the bladder is the tenth
most commonly diagnosed cancer worldwide and
the seventh most common in men[43]. A case-control
study by Chacko et al. (2006) of Vietnam-era veterans
found that 88.5% of participants with UC reported
habitual use of cannabis, compared with 69.2% of age-
matched controls (P = 0.008)[32]. Importantly, however,
this study’s small sample size (n = 124) could not be
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TABLE 5.

Summary of studies on the relationship between cannabis and renal cancer

Level of
evidence
(Sackett)

In vitro
versus
invivo

Number of
participants

Author

(year)

42**
« included
patients with
Taha . . mMelanoma
etal. Invivo  QObservational v and mRCC.
(2019) Unclear how
many had
mRCC alone.
Huang
etal. In vivo Cohort Il 151945
(2022)
Wang
etal. Invitro  Experimental V
(2019)
Larrinaga
etal. Invitro  Experimental V
(2013)
Larrinaga
etal. Invitro  Experimental V
(2010)
Choi
etal. Invitro  Experimental V
(2008)

Risk versus
management

Exclusion
criteria

Use of cannabis during immunotherapy
(nivolumab) in mccRCC decreased treatment
response rate and did not affect progression
free or overall survival.

Treatment

Previous use of cannabis was associated
with a reduced risk of RCC (HR 0.51 95%
Cl 0.35-0.76). When adjusted for gender,
smoking status and BMI, HR 0.61 95% Cl
0.40-0.93.

Risk

Cannabinoid CB2 receptor expression is
functionally related to cellular proliferation,
migration, and cell cycle of RCC cells and
therefore may have role in assessing
therapeutic effects or target in RCC.

Treatment

Cannabinoid CB1 receptor mRNA was
under-expressed by 12-fold in Chromosomal
renal cell carcinoma (ChRCC) and variable
expression in renal oncocytoma and
therefore may have a role in differention of
tumours.

Treatment

In ccRCC tumour tissue expression of mMRNA
encoding cannabinoid CB1 receptor was
observed with marked downregulation

of CB1 protein in tumor tissue and non-
tumour tissue. CB2 receptor expression
was negative in all cases. Findings indicate
implications of cannibinoids in kidney
physiology.

Treatment

The cytotoxicity of cannabidiol increased in
a dose- and time-dependent manner with
growth inhibition to a mild-moderate degree
in Rencal renal cancer cells.

Treatment

adjusted to remove tobacco use — the most common
risk factor for UC — as a confounder. The authors
postulated that THC had a carcinogenic effect due to
metabolites remaining in the urine for up to 60 hours
post consumption, as opposed to 12 hours for nicotine
metabolites.

In a separate cohort study of 47 092 men examining
those who used cannabis (41%), tobacco (57%), both
(27%), or neither (29%), only tobacco use was associated

with an increased risk of bladder cancer (HR 1.52; 95%
CI 1.12 to 2.07)[31]. Cannabis use was in fact associated
with a 45% reduction in bladder cancer incidence (HR
0.55;95% CI 0.21 to 1.00)[31].

In the study of United Kingdom biobank specimens,
bladder cancer risk was again reduced in the setting of
previous cannabis use (HR 0.66;95% CI 0.51 to 0.86)8].
When adjusted for tobacco smoking and sex, HR 0.77;
95% CI 0.58 to 1.02. However, current use of cannabis
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seemed to be associated with an increased risk. This was
difficult to interpret, as the investigators did not have
access to the timing of use, and therefore may have been
confounded by cannabis use in the setting of managing
the symptoms of malignancy.

A number of in vitro studies also have shown cannabi-
noids to be protective against UC. Yamada et al. showed
that villinoid receptors are expressed more in high grade
UC. They also demonstrated a dose-dependent relation-
ship between cannabis administration and apoptosis
mediated by calcium influx, via villinoid receptors[35].
This was supported by another study examining the
activation of CB2 in primary UC of the bladder, where it
was found to lead to cell death[33]. These principles were
further expanded upon by Gasperi et al. (2015), who
demonstrated that endocannabinoids create a pro-in-
flammatory state in human UC by binding to CB1 and
CB2 receptors therefore decreasing cancer proliferation
by delaying cell cycle progression|34].

There appears to be an apparent protective effect
of THC against the development of bladder cancer. In
view of the high proportion of THC users who concur-
rently use tobacco, care must be taken, however, in
interpretation of any studies that do not stratify for
these 2 variables.

Renal Cancer

Renal cell carcinoma accounts for 3% of cancer diagnoses
each year, and there has been an increase of 2% in cases
each year over the past 20 years; however, mortality rates
have remained stable or are decreasing|43].

The examination of biobank specimens by Huang et
al. was the first study to look at the association between
cannabis and RCC[8]. They found that previous canna-
bis use has a significant inverse association with devel-
oping RCC (HR 0.52; 95% CI 0.35 to 0.76, P < 0.001).

Taha et al. (2019) performed an observational study
of 42 patients with either metastatic RCC, non-small cell
lung cancer or metastatic melanoma who were undergo-
ing immunotherapy and found that in these patients, the
use of cannabis reduced the response rate to treatment.
However, cannabis did not affect the progression-free
survival or overall survival[38]. It should be noted that
the data from this study did not stratify patients based
on cancer type and involved only small numbers.

Several in vitro studies have been performed to exam-
ine the effect of cannabis and its derivatives on receptors
of RCC cell lines. Choi et al. in 2008 reported that RCC
cells exhibited mild-to-moderate dose and time-depen-
dent growth inhibition in response to cannabidiol[42].
Another study found that CB2 expression on clear cell
RCC cells was functionally related to cellular prolif-
eration, migration, and the cell cycle. Expression of

CB2 was up-regulated in RCC compared with normal
surrounding tissue, and was an independent prognostic
factor for patients, and therefore represents a potential
therapeutic target[39].

Conversely, CB1 was under-expressed in RCC tissue
as compared with surrounding normal tissue. Given the
difficulty in establishing a clear differential diagnosis
of RCC in clinical practice, expression of CB1 and CB2
represent a potential diagnostic tool for RCC[40].

Ultimately, there is a lack of understanding of the
effect of cannabis use on the incidence of RCC, however
CBI and CB2 present potential targets for diagnostic and
therapeutic purposes.

Confounding effect of tobacco

Tobacco smoke is a known significant carcinogenic
substance for the development of many cancers[47].
Cannabis and tobacco use commonly occur together. It
was estimated that 57.9% of cigarette smokers reported
a lifetime history of cannabis use, but 90% of cannabis
users reported a history of smoking cigarettes[48].
Adjustment for tobacco cigarette smoking was reported
in all but one of the studies that examined the incidence
of genitourinary malignancy. Given their likely
association, adjusting for tobacco cigarette smoking is
both difficult and important, and should be considered
as a key endeavour to ensure study validity in future
research.

Effect of THC delivery

The delivery of THC is changing. Whilst previously
cannabis was almost exclusively smoked, novel delivery
methods are being explored by consumers, including
vaping and oral intake, including capsules and liquid
mucosal sprays, as well as being combined in food or
liquid forms[49]. Alternative delivery methods can
alter both the amount of THC being delivered to a
consumer and the potential contaminates that reach
the body. Although vaping is thought to avoid toxic
components of smoking such as tar, there are still
contaminates, including pesticides, heavy metals,
and ammonia potentially acting as carcinogens. As
the cannabis industry continues to grow, it will be
critical for manufacturers to work towards minimising
contaminants of the cultivation process, as well as to
standardise the quality of products being delivered to
consumers|[49].

Limitations

This review highlighted several limitations in the
available literature. Studies that have examined the
risk of genitourinary malignancy and cannabis use are
observational in nature, with no high-level evidence
available. Also, there is a large variation in the number
of patients included, with many studies having very
few patients, making it difficult to generalise results to
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the population. Additionally, the studies that examine
the use of cannabis in the diagnosis, treatment, and
follow-up of genitourinary malignancy are still in
the experimental phase, limiting their ability to be
translated into practical use at this point.

This review has several limitations. The search was
conducted of the data bases Ovid MEDLINE, Ovid
Embase, Cochrane Central Register of Controlled Trials
(CENTRAL) from inception to present, Google Scholar
(first 200 citations relevancy ranked), and clinical trial
registries. Although it is unlikely, it is possible that other
articles may have been identified if other databases had
been searched. Additionally, only articles published
in English were included, meaning that some relevant
studies may have been excluded. Finally, given that no
further papers were excluded following full text review,
it remains possible that the abstract screening was too
narrow and therefore some relevant papers may not have
been included.

Future directions

This review has highlighted the lack of evidence about
the effect of cannabis on the risk and management
of genitourinary malignancy. Further studies that
explore the effect of cannabis, including in different
forms such as oils and edibles, should be designed to
better understand this area. It may help clinicians to
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