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Abstract

Background. Primary CNS tumors constitute a heterogeneous group of neoplasms that share a considerable mor-
bidity and mortality rate. To help control tumor growth and clinical outcomes (overall survival, progression-free
survival, quality of life) symptoms, patients often resort to alternative therapies, including the use of cannabis.
Despite rapidly growing popularity, cannabis and its impact on patients with primary malignant CNS tumors is
understudied.

Methods. To shed light on the lack of scientific evidence in this field, in November 2018 we conducted a search
and examination of cannabis in neuro-oncology in major journal databases and bibliographies of selected arti-
cles, and through abstracts of annual meetings using prespecified criteria in line with the Cochrane Collaboration
guidelines.

Results. We identified 45 publications, of which 9 were selected. Five studies were included. Publication dates
ranged from 2004 to 2018 and included varying histologies of primary brain tumors.The average survival at 1 year
was 56.09% (95% Cl: 48.28-63.9). There was no difference in risk ratio (RR) for death at 1 year between groups (RR:
1.069 [95% CI: 0.139-8.25]). We found strong evidence of heterogeneity (Q = 74.0%; P=.021). We found no statistical
evidence of publication bias (P=.117; SD = 1.91).

Conclusions. There was limited moderate-quality evidence that supports the use of cannabinoids as adjuvant to
the standard of care in the treatment of brain and CNS tumors. There was very low-quality evidence suggesting
that cannabinoids were associated with adult-onset gliomas. Further prospective clinical trials are necessary to ad-
equately evaluate the impact of cannabinoids on CNS tumors, specifically on survival and quality of life.

adult glioma | cannabis | CNS tumors | clinical outcomes

Primary CNS tumors constitute a heterogeneous group of
neoplasms that share a considerable morbidity and mortality.
Glial tumors account for 85% to 90% of all primary CNS tu-
mors." Estimated new cases of brain tumors and other CNS
tumors in the United States in 2018 were estimated to be
23 880, and there were 16 830 deaths as a result of these neo-
plasms.? Differences in survival are mainly due to the variation

in histologic type and grade. However, there are demographic
characteristics that have an impact on survival and prognosis
such as age, sex, ethnicity, and geographical location.34

In many brain cancer patients, current treatment options
are not curative, focusing instead on prolonging survival
while maintaining or improving patients’ quality of life.>8 As
expected, patients with primary brain tumors face serious
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challenges to their quality of life.They often face symptoms ;"‘U 5
secondary to neurological deterioration associated with & g > 2 ﬁ
the disease’ as well as symptoms related to different ther- E_ cc s & ~ a 9
apies. In studies conducted in populations with malignant e2 s 8 3 9 © O
glioma, patients scored significantly lower in all domains . g
of functioning compared to healthy controls.® Furthermore, - g ()
health-related quality-of-life scores have been shown to be -'g é 5
important prognostic factors in predicting survival.>° £ g . g
In the search to improve their symptoms and conse- g g- 5 5 e < g
quently their quality of life, patients often resort to un- g8 g I g g S
conventional therapies. Anecdotally, one of the most
commonly used alternative therapies and one with signif- "
icant media attention is cannabis, including edibles, oils, R
joints, vapors, etc."2 Despite rapidly growing popularity, S 2 M o o
the clinical literature on cannabis is still in its infancy. In fact, s % § 5 N
it was not until the early 1990s that the endocannabinoid ers B
derivatives were identified. The most notable cannabinoid
isolated from Cannabis sativa is the phytocannabinoid tet- b - .
rahydrocannabinol (THC), the primary psychoactive com- g E E
pound in cannabis's; cannabidiol (CBD) is another major 2 m § g
constituent of cannabis, although to date there are at least g N - E S ,'S
113 different cannabinoids isolated from C sativa, exhib- 2 © N > o
iting varied effects, making their separation difficult.’ E ‘Zu % E et
Of course, it is well known that cannabinoids exert var- ° E 5 2 § §
ious palliative effects in cancer patients,’® '8 including an- E 5 5 = e e
tiemetic, pain, seizure control, anxiety treatment, among
others; however, there is a lack of prospective or system-
atic evidence for its use (reasons and efficacy) in the care T Bl - <
of patients with primary brain tumors. Although there are § f:-’ E b 3)
. . . . 2 (8] (] (] T
ongoing efforts outside the United States to establish the e e 2 =
safety and efficacy of CBD in the CNS tumor population, = & o2 123
. . o . o 5 O O F O
the legal status and social stigmatization leads to a gap in
our current clinical knowledge,” especially in the United o
States. In an effort to close this gap, the present systematic ﬂé _ " §
review aims to examine the effects of cannabinoids in adult ] S % <
patients with a diagnosis of malignant CNS neoplasms. § g 5 s
Specifically, the present review will explore the differences > . 2 2 T s
in overall survival of cannabis users with primary malig- E g g g 2 g
nant CNS tumors as a clinical end point and will describe i =3¢ @ &

the possible negative effects of these compounds.

Abbreviations: CBD, cannabidiol; MPAG, malignant primary adult-onset glioma; NA, not available; NOS, not otherwise specified; RCT, randomized controlled trial; THC, tetrahydrocannabinol.
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Neuro-Oncology Practice, Journal of Neuro-Oncology, and
Neuro-Surgical Frontiers. Furthermore, a search was per-
formed of abstracts of scientific meetings of the Society for
Neuro-Oncology, American Society of Clinical Oncology,
European Association of Neuro-Oncology, American
Association of Neurology, and the International Brain
Tumor Alliance annual meeting. There were no restrictions
by year or language, although the search was limited to
human studies only, including clinical trials, systematic
reviews, cohort studies, cross-sectional studies, observa-
tional studies, interventional studies, case series, and pilot
studies. Preclinical studies were excluded from this review
(cellular, molecular, and animal studies).

Study Selection

Titles and abstracts of all references were screened inde-
pendently to identify literature that reported on the use
of cannabis among adult human patients with malignant
CNS tumors of any grade; those references with a different
target population were excluded at this stage. The articles
included must have met the following criteria: 1) pop-
ulation: adult patients with brain cancer. Studies that re-
ported stratified outcomes, identifying a CNS group, were
included; 2) intervention: report registry of cannabis or
synthetic cannabinoid use in any form (edible, inhaled,
infused, etc); 3) outcomes: all patient outcomes were con-
sidered (if available), namely overall survival, progression-
free survival, quality of life scores, etc. Our study was
primarily interested in overall survival. Secondary out-
comes included KPS score, cognitive function, physical
function, quality-of-life scores, symptom intensity, adverse
outcomes, and side effects, as well as progression-free sur-
vival; 4) design: randomized controlled trials (RCTs), cohort
studies, case-control studies, cross-sectional studies, and
observational studies were included. Furthermore, longi-
tudinal prospective and longitudinal retrospective studies
were also included. Animal studies, molecular studies, and
cellular studies were excluded (Figure 1).

Data Extraction

Data were extracted from the identified studies using a
structured data extraction form, and then entered into an
electronic database to allow for analysis and writing of
the final report. The data extracted included study design,
year of publication, authors, type (histology and or World
Health Organization grade) of tumor(s) included in the
study (if available), type of adjuvant therapy (if any), use
of cannabis or synthetic cannabinoids, total number of pa-
tients, patients in control and intervention groups (when
applicable), mode of use, and outcomes (if available).

Data Quality

The quality of the studies and risk of bias were assessed
following the GRADE (Grading of Recommendations
Assessment, Development, and Evaluation) scoring
system recommended by the Cochrane Collaboration.202"
The GRADE scoring system assesses the study design,

statistical methods, publication bias, effect sizes, dose re-
sponse, and residual confounding. This system results in
an assessment of the quality of a body of evidence as high,
moderate, low, or very low.

Data Synthesis and Analysis

The intervention being evaluated in this review is the use
of cannabis and/or systemic cannabinoids and its impact
on clinical outcomes (overall survival, progression-free
survival) in the setting of patients with a diagnosis of CNS
tumors. To assess for significant between-study heteroge-
neity, the Cochrane Q statistic was calculated along with a
summary statistic. For 1-year survival, an average survival
was calculated (Figure 2). Accordingly, a pooled risk ratio
(RR) of death at 1 year was calculated (Figure 3). If signifi-
cant heterogeneity was present (P<.05), a random-effects
model was used. Publication bias was analyzed visually
using funnel plots and subsequently the Begg test. The
Egger test was performed in the event that the Begg test
showed evidence for publication bias.

For all tests, a P value of less than .05 was deemed to
be significant. All statistical analyses were performed in
STATA version 15 using the “metan” package.

I
Results

Identification and Description of Studies

The searches identified 45 results in PubMed, of which 9
were considered potentially relevant?>=® based on title
and abstract screening. Similarly, 4 results were yielded
from the search in the journal Neuro-Oncology, of which
23031 were considered relevant based on title and ab-
stract. Five studies were included?326:273031 (Table 1). Two
studies were available only as abstracts®?3'; the remaining
3 studies were reported in full-length journal articles.?326:27
Publication dates ranged from 2004 to 2018. Studies were
conducted in Spain, the United Kingdom, Israel, and the
United States. A variety of unspecified cannabinoids were
evaluated and compared with placebo or no treatment.
From the pooled studies a total of 176 patients were exam-
ined with a mean age of 57.5 years (SD 1.6 years).

The articles not selected were excluded for lack of detail
on the number of participants in the CNS cancer cohort
and/or did not report outcomes in this population group.

The 2017 study by Twelves et al®® was the only random-
ized, double-blind, placebo-controlled study. The study
population was patients with recurrent glioblastoma
multiforme (GBM).The mean age in this study was 58 years
and the median baseline KPS was 90.This study stated that
the intervention group was treated with temozolomide
plus CBD:THC at a ratio of 1:1 (N = 12). The placebo group
was treated with temozolomide plus placebo (N =9). One-
year survival was assessed in both groups (83% for the
CBD:TCH group vs 44% for the placebo group). The main
adverse events (AEs) were vomiting and dizziness.

The study by Blondin3' was an observational study in
patients with GBM who consumed cannabis oil concen-
trate of at least 50 mg of cannabinoid per day for at least
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Study Year

S. Short 2017 —
N. Blondin 2018

Overall

%

RR (95% Cl) Weight
0.30 (0.07, 1.21) 55.93
0.80 (0.17, 3.85) 44.07
0.46 (0.16, 1.31) 100.00

10

Figure 3. Risk ratio (RR) of death among cannabis users. Dotted data markers indicate the RR for death compared to placebo or no intervention,
with sizes reflecting the statistical weight of the study using fixed-effects meta-analysis. THhorizontal lines indicate 95% CI. Diamond data marker
represents the overall RR (0.46) of death at 1 year and 95% Cl (0.163-1.311). Vertical dashed line shows the summary effect estimate, and vertical
solid line shows the line of no effect (RR = 1). The Pvalue for the Cochran Q test equals .36. Variation in RR attributable to heterogeneity equals 0.0%.

1 month while also receiving standard-of-care treatments
(N =15), compared with patients who did not use can-
nabis oil concentrate (N=8). No specific cannabinoids
were assessed. The mean age was 53 years. Overall sur-
vival at 1 year was 80% in the cannabis group compared to
74% in the noncannabis user group. This group found no
significant AEs.

The study by Guzman and colleagues?® was a pilot study
on the effects and efficacy of 6-9-tetrahydrocannabinol
(THC) in patients with recurrent GBM. In this study 9 pa-
tients were enrolled, all of whom had failed standard
therapy, which included surgery and external-beam radi-
otherapy, had clear evidence of tumor progression, and
had a minimum KPS of 60. Following enroliment, patients
underwent a surgical intervention aimed at resetting and
creating a cavity in the recurrent tumor where an infu-
sion catheter was placed. Patients received a daily infu-
sion whose active component wasTHC. Patients then were
followed. The median age was 55 years, and the mean
KPS was 80. The median duration of administration was
10 days.The median survival from the surgical operation of
tumor relapse was 24 weeks. Two patients survived 1 year.

The study by Bar-Lev Schleider et al?’ was a prospective,
observational study conducted on 2970 individuals who re-
ceived a medical marijuana license, of whom 126 patients
presented with a diagnosis of brain/CNS tumor (4.2%).
Of these patients 116 individuals who did not stop treat-
ment were considered cannabis users. Patients’ health
status was assessed at baseline and was followed using

a questionnaire. The average age was 59.5 years. The pri-
mary outcome was “success rate,” defined as at least mod-
erate to significant improvement in the patient’s condition
and no cessation of treatment or serious side effects. The
success rate in the brain/CNS tumor subgroup was 67.8%.
The survival rate at 6 months was 50.9%. The survival at
1 year was not reported for the brain/CNS tumor subgroup.
The main side effects of cannabis treatment in the overall
population were sleepiness, dry mouth, increased appe-
tite, and psychoactive effect.

The study by Efird and colleagues?® was a retrospective
observational study conducted on patients registered in a
health network in Northern California who were enrolled
between 1977 and 1985. The primary outcome was to de-
termine the risk for malignant primary adult-onset glioma
associated with cigarette smoking and other lifestyle be-
haviors in a large, multiethnic, managed-care cohort.
Participants were at least age 25 years at enrollment with
no history of benign or malignant brain tumors. Patients
were followed until the occurrence of a primary malignant
glioma or death. The occurrence of brain glioma was de-
termined using the local tumor registry that reports to the
Surveillance, Epidemiology, and End Results program.The
mean age of the population was 62.2 years. There were
19 292 patients who had ever used cannabis who were
identified. Of these individuals, 13 524 used cannabis at
least once a month, and 5768 less than once a month. Nine
patients who ever used cannabis presented with a pri-
mary glioma (RR = 1.9; 95% Cl: 0.9-4.0; P=.1) and 60 in the
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nonuser group developed a primary brain glioma.The Efird
study?® was excluded from all data analysis because the
outcome (adult onset of primary glioma) and population
(previously healthy individuals) were not comparable with
other studies. However, because the goal of this review
was to establish benefits as well as risks of cannabis use in
the setting of brain and CNS tumors, it was deemed to be
important to include this study as a means of including all
possible risks of cannabis consumption (including onset of
primary brain tumors).

Ofthe 5included studies, 2 studies were judged to have a
low risk of bias,?¢3° 1 had a high risk of bias,?® and 2 had an
unclear risk of bias.?”3" The major potential source of bias
in the trials was no randomization and incomplete data for
patients with brain cancer. Two studies were survey based,
being subject to recall bias and imprecision. Selective out-
come reporting was a potential risk of bias in one study.
Pooled results and GRADE ratings are presented inTable 2.

Overall Survival

Overall survival was directly assessed in 4 studies (179 par-
ticipants).26:273031Two studies assessed CBD,%03" 1 study as-
sessed THC,%® and 2 studies only report use of “marijuana”
without specifying an active component.?>?? One study
included a placebo control,® 3 studies included a control
group,??73! and 1 study did not include a comparison
group.?® Of the 5 studies, risk of bias was high for 3,23.26:27
low risk for 1,3 and unclear for 1.3'Three studies suggested
a great benefit of cannabinoids compared with placebo
or no intervention, reaching statistical significance.?’3031
One study showed an increased risk of developing brain
cancer among marijuana users compared to nonusers.?
One study showed no benefit of the use of cannabis com-
pounds (THC) compared to standard of care.?®

The average survival at 1 year was 81.4% (95% CI: 65.5-
97.3 [Figure 1]). Additionally, on average, there was no
significant difference in the RR for death at 1 year in the
cannabis-user group compared with the noncannabis-user
group (RR: 0.46 [95% CI: 0.16-1.311][Figure 2]).

We found strong evidence of heterogeneity in the anal-
ysis when including studies for which there were enough

data to be analyzed?’303' (Q =74.0%; P=.021). Similarly,
we found no evidence of heterogeneity when the Bar-Lev
Schleider study was excluded (Q=0.0%; P=.36), sug-
gesting that it was not appropriate to include this study in
the final analysis. Furthermore, we found no statistical ev-
idence of publication bias supported by the adjusted rank
correlation test (P=.317; SD = 1.0) and corroborated by the
regression asymmetry test (bias score = 0.25).

I
Discussion

We conducted a systematic review of the benefits and risks
associated with cannabis use in patients with CNS tumors.
Ultimately, our review included only one RCT (21 patients)
that evaluated overall tolerability of CBD:THC as well as
survival at 1 year in patients with recurrent glioblastoma
undergoing standard-of-care therapy with temozolomide.

Most studies suggested that cannabinoids were associ-
ated with improvement in overall survival, but this asso-
ciation did not reach statistical significance. Furthermore,
one of the studies?’” was powered to observe outcomes
in cancer in general rather than brain tumors specifi-
cally. Based on the GRADE approach, there was low- to
moderate-quality evidence to suggest cannabinoids may
be beneficial as an adjuvant in the treatment of brain
cancer. There was low-quality evidence suggesting can-
nabinoids were associated with a higher risk of death in
the setting of brain cancer. There was very low-quality evi-
dence suggesting cannabinoids were associated with ma-
lignant primary adult onset of glioma as well as low-quality
evidence suggesting cannabinoids were associated with
faster progression of recurrent glioblastoma. In contrast,
there was low- to moderate-quality evidence suggesting
cannabinoids (CBD/THC capsules and smoked marijuana)
were associated with higher survival rates at 1 year in
glioma patients.

Although the primary predictor in the Efird study?® was
tobacco smoking as a risk factor for developing new-
onset adult glioma, cannabis was also included and ana-
lyzed. This study yielded a positive association between
cannabis consumption and new onset of adult glioma.

Table2. Outcomes and Grading of Recommendations Assessment, Development, and Evaluation Rating

Study Survival rate at 1 y cannabis/comparator, % RR® (95% Cl) GRADE rating®
Efird et al?32 - 1.33 Very low
Guzman et al?® 22/NA - Low

Twelves et al® 83/44 0.3 (0.07-1.2)> High

Blondin®' 80/74 0.8 (0.17-3.85)° Moderate
Bar-Lev Schleider et al?’ 50.9/100 10.812 (0.72-163.2)° Low

Abbreviations: NA, not available; RR, risk ratio.

aThe outcome for this study was the occurrence of adult-onset glioma with no survival data.

PRisk ratio of death among cannabis users.

¢GRADE Working group grades of evidence: (1) high quality, further research is very unlikely to change the group’s confidence in the estimate of ef-
fect; (2) moderate quality, further research is likely to have an important impact on the group’s confidence in the estimate of effect and may change
the estimate: (3) low quality, further research is very likely to have an important impact on the group’s confidence in the estimate of effect and is
likely to change the estimate; (4) very low quality, the group is very uncertain about the estimate.

aonpoeid

ABojoouQ-oinaN




Rodriguez-Almaraz et al. Effects of cannabis in CNS tumors: a systematic review

However, this effect was not consistently observed when
the cannabis-user group was divided by frequency in
consumption. Furthermore, there was no explanation of
whether cannabis users also were tobacco users or were
considered a separate group. Regardless of these meth-
odological issues, we considered it important to include
this study to show the full spectrum of clinical outcomes
that are being studied on cannabis in the CNS cancer
setting.

Strengths and Weakness

This review followed the recommendations from the
Cochrane Collaboration for rigorous systematic reviews. To
identify as many relevant studies as possible and enhance
the effort to avoid bias, a highly rigorous search strategy
was used and an extensive range of resources were
searched including electronic databases, abstracts from
scientific meetings, and references from relevant articles.
Published and unpublished trials were eligible for inclu-
sion.There were no date or language restrictions. We used
the GRADE approach?'32 to assess quality of evidence and
risk of bias. This highlighted weaknesses in the included
studies, including the observational nature of some re-
search, mishandling of missing data, selective outcome re-
porting, lack of blinding and randomization, and lack of a
comparison group. An additional limitation of some of the
included studies was that brain cancer was not the main
group, rather “cancer” data were captured and further
reported as subgroups. However, no subgroup analysis
based on type of cancer was conducted. Furthermore, the
outcomes reported were heterogeneous, making the com-
bination and further analysis of results difficult. Multiple
different cannabinoids were evaluated in the included
studies; however, only CBD and THC were specifically
identified. Most of the studies specify only “marijuana”
as the comparator group, preventing this analysis from
stratifying by type of cannabinoid. Only one study pre-
sented a placebo group; the rest used “no intervention” as
a comparator group. These differences in form, combined
with the variety of outcomes, resulted in a very heteroge-
neous set of included studies.

A key strength of this review is that it highlights the lack
of high-quality clinical evidence on cannabinoids and its
effects on patients with brain or CNS tumors, despite its
increasing use among this population.

Unanswered Questions and Future Research

Further large, robust, and rigorous RCTs are needed to
confirm the effects of cannabinoids in patients with CNS
tumors. Subsequent studies evaluating cannabis itself are
also required because of the almost nonexistent evidence
on the effects and AEs of cannabis in the specific setting
of brain and CNS tumors. Future studies should assess
patient-centered outcomes such as quality of life, physical
functionality, progression-free survival, and AEs using val-
idated and standardized outcome measures at prespecified
time points to ensure improvement in the quality of the ev-
idence for future meta-analyses.

I
Conclusions

The evidence presented here suggests cannabis does not
increase risk of death in patients with malignant CNS tu-
mors. Rather, although the overall effect of cannabis and
cannabinoids in survival rates at 1 year was found not to
be statistically significant, the direction of such an effect
suggests an increase in survival rates at 1 year in CNS
cancer populations. Owing to the lack of data, we were
not able to perform an analysis of the direct impact of can-
nabis on quality-of-life scores of patients with CNS tumors.
However, we found that the use of these compounds was
safe and well tolerated, with the main side effects being
dizziness, dry mouth, increased appetite, sleepiness, and
psychoactive effects. Additionally, there was very low-
quality evidence suggesting that cannabinoids were asso-
ciated with adult-onset gliomas.

Although there is increasing preclinical evidence sup-
porting the benefits of cannabis in CNS tumors,'822273334
in this analysis we demonstrated that high-quality clinical
evidence is still lacking and further clinical trials on the
effects of cannabis and its derivatives in the CNS tumor
population need to be conducted. As part of the effort to
advance knowledge on the impact of cannabis on quality
of life, our group is conducting an observational study
exploring glioma patient behavior around the use of can-
nabis and cannabinoids as well as clinical outcomes in this
population.
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