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Abstract

Introduction: Prostate cancer patients receiving androgen-depriv-
ation therapy (ADT) often experience a combination of disease 
symptoms and treatment side effects. The therapeutic use of can-
nabis to alleviate these side effects has not been studied, despite 
increasing patient interest. With the increasing availability of can-
nabis, it is important for clinicians to understand the prevalence, 
predictors, and perceived benefits of cannabis use among patients 
with prostate cancer.
Methods: A total of 222 men undergoing ADT were assessed in 
this two-part study. In part one, the cannabis-use questionnaire was 
administered to 56 men, probing demographics, usage habits, per-
spectives, and degrees of symptom relief related to cannabis use. 
In part two, 191 cryopreserved urine samples were retrieved and 
analyzed for the presence of tetrahydrocannabidiol (THC) metabolite 
11-nor-Δ9-THC-COOH. The respondents were then stratified into two 
groups, users vs. non-users, and statistical analyses were conducted.
Results: Questionnaire data revealed that 23.2% of surveyed men 
had recently used cannabis. In contrast, 5.8% of men had detect-
able levels of THC metabolite in their urine. Combined question-
naire and urine data revealed that cannabis users were significantly 
younger (p=0.003) and had lower testosterone levels (p=0.003) 
than non-users. The majority of men experiencing common ADT 
side effects reported some degree of relief following cannabis use.
Conclusions: Cannabis use among men with advanced prostate 
cancer receiving ADT is more prevalent than in the general popula-
tion and the majority of other oncological cohorts. Lower testoster-
one levels and reported therapeutic benefit among cannabis users 
warrants confirmation in appropriate clinical trials.

Introduction

Cannabis use by humans has been documented since ancient 
history. Despite its classification as a controlled substance in 
many countries, cannabis (most commonly Cannabis sativa) 

has recently made strides towards decriminalization and 
acceptance by mainstream society. In 2001, cannabis was 
legalized for medical use in Canada following recommen-
dations by Health Canada.* ����������������������������A United Nations study esti-
mated that 12.6% of Canadian adults have used cannabis 
in the past year, which is a remarkably higher rate than the 
global average of 2.8–4.5%.1 Of particular interest, the use 
of cannabis has increased by over 1.5% in adults aged 45 
or older since 2002.2 Recent international moves towards 
decriminalization of cannabis have resulted in an increase 
in public interest for both its recreational and medical uses. 
Physician interest and approval for cannabis use has been 
well-documented in several studies, most recently in 2013, 
when a poll of 1446 physicians revealed that 76% approved 
of medical marijuana use.3

Several studies have shown that C. sativa exhibits some 
efficacy in relieving nausea and vomiting,4 loss of appetite,5 
and neuropathic pain.6 The use of cannabis has also been 
associated with several non-serious adverse events. One 
study has found that males who had ever smoked cannabis 
or those who were current cannabis smokers had a higher 
risk of prostate cancer than those with no history of its use.7 
Reported acute adverse effects of cannabis include impaired 
episodic memory and learning,8 anxiety and panic attacks, 
perceptual alterations, and acute psychomotor retardation.9 
Chronic adverse effects include addiction, chronic bronchi-
tis, and carcinogenicity (if inhaled).

Prostate cancer patients receiving androgen-deprivation 
therapy (ADT) often experience a combination of disease 
symptoms and treatment side effects, including pain, fatigue, 
insomnia, hot flushes, irritability, depression, headache, nau-
sea, and vomiting.10 To our knowledge, there are no pub-
lished peer-reviewed studies to date that evaluate the preva-
lence of and/or attitudes of prostate cancer patients towards 
cannabis use. With the increasing availability and preva-
lence of cannabis use in the general population, particularly 
within the age groups experiencing the greatest burden of 
this disease, it is important that clinicians understand how 
many of their patients use cannabis and what their attitudes 
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are towards this substance. Our study makes a novel con-
tribution to the literature by evaluating the prevalence and 
predictors of cannabis use, patients’ usage habits, perceived 
benefits, and opinions on cannabis in patients with advanced 
prostate cancer. These findings will allow clinicians to better 
understand the large population of prostate cancer patients 
they are serving.

Methods

This was a two-part study involving 222 men with histo-
logically confirmed invasive prostate cancer receiving ADT 
at the time of the study. Patient health information, includ-
ing demographics, disease history, and laboratory values, 
were extracted from medical records and stored separately 
from other collected data. Blood samples for testosterone 
levels were collected and analyzed according to institu-
tional guidelines at the University Health Network, Toronto 
Canada. Samples were analyzed using an Abbott Architect 
i2000 immunoassay, with a functional sensitivity allowing 
for titres to be reported as low as 0.2 nmol/L. Participants 
with testosterone levels analyzed at external labs were not 
included in this study. 

In part one of the study, a five-page questionnaire was 
developed consisting of 18 multiple-choice questions probing 
the demographics (n=6), cannabis usage habits and perspec-
tives (n=11), and degrees of symptom relief related to cannabis 
use (n=1). The questionnaire was approved by the institutional 
research ethics board at the University Health Network (UHN) 
in Toronto, Canada. The questionnaire has obvious content 
validity (Appendix 1; available at cuaj.ca). The questionnaire 
was administered to 56 men with histologically confirmed 
invasive prostate cancer currently receiving ADT in the out-
patient clinic setting at Princess Margaret Cancer Centre in 
Toronto, Canada. Consent was obtained from patients in clinic 
and the questionnaire was completed using pen and paper 
on the same clinic day with research staff available to aid in 
completion. The questionnaire took approximately 20 minutes 
to complete. Data were gathered from patients between June 
and September of 2017. No payment was provided to study 
participants for their participation. Participants were assigned 
a study-specific numeric identifier and the collected data was 
de-identified and entered into a password-protected database.

In part two of the study, 191 cryopreserved urine super-
natant samples were obtained from the Genitourinary (GU) 
BioBank at the University Health Network, Toronto, Canada. 
The GU BioBank is a research ethics board-approved investi-
gator-initiated biobanking program that collects and archives 
biological specimens and data obtained from consenting uro-
logic oncology patients. Patients providing consent to partici-
pate in the GU BioBank had urine specimens procured after 
the initiation of ADT for hormone-sensitive disease. Note the 
cryopreserved urine specimens were not necessarily from 

the same sample of survey respondents; overlap was mod-
erate (n=25). The samples were subject to a single freeze-
thaw cycle and analyzed at the Toxicology Laboratory at The 
Hospital for Sick Children, Toronto, Canada. Samples were 
analyzed using an Abbott Architect ci4100 immunoassay 
(Abbott, IL, U.S.), as per manufacturer’s instructions. This anal-
ysis detects the presence of the tetrahydrocannabinol (THC) 
metabolite 11-nor-delta-9-tetrahydrocannabinol (11-nor-Δ9-
THC-COOH). A positive result indicates the presence of 
the metabolite at a concentration greater than 50 ng/mL, in 
concordance with cannabis testing guidelines established by 
the National Institute on Drug Abuse (NIDA), Department 
of Health and Human Services (DHHS), and the Substance 
Abuse and Mental Health Service Agency (SAMSHA).

Statistical analysis

The respondents were then stratified into two groups, users 
vs. non-users, and statistical analyses were conducted. For 
comparisons where combined questionnaire and urine 
data were analyzed, overlapping participants were strati-
fied according to their self-reported questionnaire responses 
given the limited sensitivity of the urine assay, as outlined 
in our Discussion. The data were analyzed using IBM SPSS 
Statistics version 25 (IVM Corp, Armonk, NY). Missing val-
ues analysis revealed that no questionnaires had missing 
responses. Lilliefors tests were conducted to establish nor-
mality of the data. Continuous data were analyzed using 
Student t and Mann-Whitney U tests. Categorical data were 
analyzed using Pearson Chi-square tests.

Results

Subject characteristics

There was a total of 56 survey respondents. Approximately 
2% of approached patients declined to participate. 
Demographics and characteristics are described in Tables 1 
and 2A. Approximately 75% of the patients were 61 years of 
age or older (range 51–93). The mean age of survey respond-
ents was 70 years. Although the survey population repre-
sented over nine ethnicities, about half of the patients were 
ethnically European (57%). Approximately a quarter of the 
survey respondents had education less than post-secondary 
education (27%).

Cryopreserved urine samples were analyzed from a total 
of 191 patients. Approximately 79% of the patients were 
61 years of age or older (range 50–94). The mean age of 
patients at the time of urine sample collection was 70 years. 
Characteristics are described in Table 2B. No other demo-
graphic data were collected from patients providing urine 
samples.
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Primary outcome

Questionnaire data revealed that 23.2% (13/56) of surveyed 
men undergoing ADT had used cannabis within the past 
six months. In contrast, 5.8% (11/191) of analyzed urine 
samples tested positive for the presence of THC metabolite.

Secondary outcomes

Combined questionnaire and urine data (Table 3) revealed 
that cannabis users (n=22) tend to be significantly younger 
(mean age 64.36 vs. 71.48 years; p=0.003) and have lower 

testosterone levels (mean T level 0.48 vs. 0.85 nmol/L; 
p=0.003) compared to non-users (n=200). When controlled 
for age, analyses also revealed that users were on ADT for 
significantly less time than non-users (mean time on ADT 
2.19 vs. 3.28 years; p=0.011). 

Questionnaire data revealed that the most widely used 
method of cannabis consumption was in oils/tinctures (62%), 
followed closely by smoking/vaporization (54%). Patterns 
and habits of consumption in the surveyed patients are sum-
marized in Table 4. The most common reasons for cannabis 
use (Fig. 1) were pain (46%), low energy (46%), hot flushes 
(23%), and irritability/mood (23%). With the exception of hot 
flushes, the majority of men reported some degree of relief 
from all noted ADT side effects following the use of can-
nabis (Fig. 2). Notably, 31% (4/13) of users stated that they 
believed cannabis could be used to directly treat cancer. 
Approximately 70% (9/13) of users reported experiencing 
at least one of the side effects of cannabis use (Fig. 3). The 
most commonly reported side effects were increased appe-
tite, memory loss, and cough.

Table 1.  Demographics of questionnaire respondents by 
usage status

Variable Non-users 
n=43 (77%)

n (%)

Users 
n=13 (23%)

n (%)

p

43 (100) 13 (100)

Age (years)
50–60
61–70
71–80
81–90
91+

8 (17)
11 (26)
10 (23)
12 (28)
2 (5)

6 (46)
3 (23)
2 (15)
2 (15)
0 (0)

Marital Status
Single
Married
Separated/divorced
Widowed

6 (14)
30 (70)
5 (12)
2 (5)

3 (23)
8 (62)
1 (8)
1 (8)

0.817

Ethnicity
Afro-Caribbean
Arab
Central/South African
East Asian
Eastern European
Indian Subcontinent
Latin
South Pacific/Oceania
Western European
Other

4 (9)
2 (5)
1 (2)
3 (7)
7 (16)
3 (7)
2 (5)
1 (2)

16 (37)
4 (9)

2 (15)
1 (8)
0 (0)
0 (0)
4 (31)
0 (0)
0 (0)
0 (0)
5 (38)
1 (8)

0.864

Education
Less than high school
High school
College
University
Postgraduate

2 (5)
8 (19)
12 (28)
10 (23)
11 (26)

2 (15)
3 (23)
3 (23)
4 (31)
1 (8)

0.476

Employment
Full time
Part time
Retired due to disability
Retired due to age
Unemployed

8 (19)
2 (5)
5 (11)
27 (63)
1 (2)

7 (54)
2 (15)
1 (8)
3 (23)
0 (0)

0.047

Annual Income (CAD)
Less than $25 000
$25 000–49 999
$50 000–75 000
More than $75 000
Prefer not to answer

6 (14)
9 (21)
4 (9)

15 (35)
9 (21)

1 (8)
2 (15)
2 (15)
4 (31)
4 (31)

0.866

Table 2A. Characteristics of questionnaire respondents by 
usage status

Non-users
n=43 (77%)
Mean (SD)

Users
n=13 (23%)
Mean (SD)

p

Age (years) 72 (10.63) 65 (10.85) 0.043
Years on ADT 3.83 (3.61) 1.71 (1.50) 0.029
Type of ADT

Eligard (Leuprolide)
Firmagon (Degarelix)
Lupron (Leuprolide)
Trelstar (Triptorelin)
Zoladex (Goserelin)
Casodex (Biclutamide)

9 (21%)
0

17 (40%)
4 (9%)

12 (28%)
1 (2%)

5 (38%)
0

6 (46%)
0

2 (15%)
0

0.482

Most recent testosterone 
level (nmol/L)

1.03 (1.68) 0.53 (0.51) 0.108

ADT: androgen-deprivation therapy; SD: standard deviation.

Table 2B. Characteristics of urine data participants by 
usage status

Non-users
n=180 (94%)
Mean (SD)

Users
n=11 (6%)
Mean (SD)

p

Age (years) 70.55 (10.24) 63.55 (8.03) 0.023
Years on ADT 3.00 (2.91) 2.59 (4.11) 0.046
Type of ADT

Eligard (Leuprolide)
Firmagon (Degarelix)
Lupron (Leuprolide)
Suprefact (Buserelin)
Trelstar (Triptorelin)
Zoladex (Goserelin)
Casodex (Biclutamide)

27 (15%)
10 (6%)
69 (38%)
2 (1%)
9 (5%)

60 (33%)
3 (2%)

3 (27%)
0

3 (27%)
0

1 (9%)
4 (36%)

0

0.856

Most recent testosterone 
level (nmol/L)

0.86 (1.34) 0.41 (0.24) 0.016

ADT: androgen-deprivation therapy; SD: standard deviation.
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Among non-users, 79% (34/43) expressed the belief that 
cannabis has at least one perceived benefit (Table 5). The 
most commonly perceived benefits of cannabis use among 
non-users were relief from pain, depression, and irritability. 
Among the surveyed non-users, 28% (12/43) stated that they 
believed cannabis could be used to directly treat cancer.

The self-reported use of cannabis in prostate cancer 
patients is greater than the majority of other oncological 
cohorts (Fig. 4).

Discussion

This two-part study of prostate cancer patients at a large can-
cer center located in a region with cannabis legalized for 
medical use only at the time of the study found that nearly 
a quarter of surveyed patients with prostate cancer on ADT 
reported current or recent cannabis use. In contrast with the 
survey data, approximately 6% of urine samples from men 
meeting the same inclusion criteria were found to contain 
THC metabolites. This discrepancy can largely be attributed 
to the limitations of the assay and the pharmacokinetics of 
THC and non-THC cannabinoid constituents. The assay used 
in this study detected the presence of THC metabolite 11-nor-
Δ9-THC-COOH. THC content varies significantly and is not a 
significant component of a number of prescription and non-
recreational cannabis products, such as the oils and tinc-
tures, which were used by a majority of study respondents.11,12 
Furthermore, in respondents using cannabis products con-
taining THC, urine metabolites can become undetectable as 

early as seven days following last use. Rate of THC metabo-
lism depends on several factors, including age, metabolism, 
usage frequency, dosage, and body habitus.13 The discrep-
ancy between survey and urine data, therefore, reflects the 
need for the development of accurate and simple assays that 
extend the spectrum of readily available cannabis screening 
tests beyond THC metabolites. Furthermore, this discrepancy 
highlights the heterogenous, unregulated nature of cannabis 
products — a significant barrier in the non-controlled study 
of cannabis use.

A literature search revealed that although there was an 
abundance of peer-reviewed studies exploring the asso-

ciations between cannabis 
use and cancer incidence, 
there were only a total of eight 
studies evaluating the preva-
lence of cannabis use among 
oncological cohorts.14-21 When 
compared to the reported rates 
in the majority of these other 
oncological cohorts, the preva-
lence of cannabis use in pros-
tate cancer patients on ADT is 
greater. Despite an abundance 
of data, these comparisons are 
limited by the fact that most 
studies reporting cannabis 
usage rates are single-center 
studies confounded by site-
specific legal, cultural, and 
geographical factors. 

One surprising observation 
from our study is that com-
pared to non-users, cannabis 
users had significantly lower 
testosterone levels. Analyses 

Table 3. Comparisons of combined questionnaire and urine 
data by usage status

Variable Non-users
n=200 (90%)
Mean (SD)

Users
n=22 (10%)
Mean (SD)

p

Age (years) 71.48 (10.18) 64.36 (9.85) 0.002
Years on ADT 3.28 (3.15) 2.19 (3.07) 0.010
Type of ADT

Eligard (Leuprolide)
Firmagon (Degarelix)
Lupron (Leuprolide)
Suprefact (Buserelin)
Trelstar (Triptorelin)
Zoladex (Goserelin)
Casodex (Biclutamide)

28 (14%)
10 (5%)

77 (38.5%)
2 (1%)
12 (6%)

67 (33.5%)
4 (2%)

6 (27%)
0

9 (41%)
0

1 (5%)
6 (27%)

0

0.626

Most recent testosterone 
level (nmol/L)

0.85 (1.29) 0.48 (0.42) 0.003

ADT: androgen-deprivation therapy; SD: standard deviation.

Fig. 1. Reasons for cannabis use among survey respondents. The reasons for user were not mutually exclusive 
responses.
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also revealed that when the data was controlled for age, 
cannabis users were on ADT for a significantly shorter period 
of time compared to non-users. Given our finding that can-
nabis users tend to be younger than non-users, it is difficult 
to hypothesize that poor Leydig cell reserve is the cause 
of lower testosterone levels. Previous research in men has 
demonstrated depression of plasma testosterone levels after 
both acute and chronic cannabis use.22,23 Further research 
is required to determine if cannabis use can further lower 
testosterone levels among men on ADT, particularly in light 
of novel data suggesting that among men on ADT, lower tes-
tosterone levels are associated with improved outcomes.24,25

The majority of survey respondents denied any current or 
recent use of cannabis. Interestingly, 79% of non-users held 
a belief that cannabis may help treat at least one of the com-
mon symptoms and side effects associated with prostate 
cancer and ADT. These findings demonstrate the interest 
and optimism of prostate cancer patients towards potential 
therapeutic uses of cannabis. Interestingly, the same pro-
portion of users (31%) and non-users (28%) believed that 
cannabis may be used to treat their prostate cancer. The 
notion that cannabis may have a curative role in cancer 
management is one that is prevalent among many members 
of the public and is a popular discussion topic on internet 
forums around the world,26,27 despite the absence of any 
clinical trials to support its use in the primary treatment of 
malignancies. These findings highlight the need for clini-
cians to seek appropriate education on the topic in order 
to engage in effective dialogue with their patients.

It is important to note that the majority men in this 
study who consumed cannabis reported experiencing at 
least one side effect. The reported effects were short-term 

and included hallucinations, 
cough, memory loss, and 
increased appetite. Due to the 
study design, long-term side 
effects of cannabis use were 
not evaluated. There remains a 
significant gap in the literature 
on the evaluation of long-term 
effects of cannabis; most avail-
able data is based on in vitro 
or preclinical studies, severely 
outdated, or based on inad-
equately designed trials with 
small sample sizes.

We acknowledge a number 
of limitations of our investiga-
tion. Our study was conducted 
at a single center within a geo-
graphical region where canna-
bis was a controlled substance 
at the time of the study, only 

available for legal use in a narrow spectrum of indications 
requiring physician prescription, leading to a combined 
selection/geographical bias. This selection bias may affect 
generalizability to other populations. Furthermore, we rec-

Fig. 2. Reported relief from androgen-deprivation therapy side effects following cannabis use. 

Table 4. Patterns of consumption in cannabis users

Variable n (%)
Number of years that subjects have consumed cannabis

Less than 1 year
1–3 years
3–5 years
Over 5 years

4 (31)
2 (15)
0 (0)
7 (54)

Methods of cannabis consumption
Smoking/vaporization
Edibles (smoothies, candies, baked goods, etc.)
Oils/tinctures
Topical creams/patches
Other
Men using more than one method of consumption

7 (54)
2 (15)
8 (62)
0 (0)
0 (0)
3 (23)

Number of days per week that cannabis is used
1–2
3–4
5–6
7 (every day)

6 (46)
2 (15)
1 (8)
4 (31)

Time of use
Subjects who usually take cannabis just after waking 
up
Subjects who usually take cannabis between 6 am and 
noon
Subjects who usually take cannabis between noon and 
6 pm
Subjects who usually take cannabis just before going 
to bed
Subjects who take cannabis whenever it is felt to be 
necessary

1 (8)

1 (8)

6 (46)

4 (31)

1 (8)
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ognize that self-reported data collected via cross-sectional 
study has inherent limitations and biases. Measurement 
bias (under-reporting of use) is likely due to two factors: 
social stigma surrounding cannabis and the legal con-
notations of the access of cannabis products without a 
prescription.

Conclusions

Cannabis use among men with advanced prostate can-
cer receiving ADT is more prevalent than in the general 
population and the majority of other oncological cohorts. 

Testosterone levels appear lower among users and warrants 
further investigation. Both users and non-users appear to 
be open and optimistic towards the potential therapeutic 
benefits of cannabis and these effects should be proven in 
the context of appropriate clinical trials.
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Fig. 4. Self-reported prevalence of cannabis use (%) among oncological cohorts. GI: gastrointestinal.


