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Abstract
Background: Cachexia is a prevalent condition associated with underlying chronic disease. Wasting of skeletal
muscle and adipose tissue loss in cachectic patients is associated with higher rates of disability, reduced quality of
life (QoL), and worse prognosis. There is a large unmet need to develop strategies to treat cachexia as there are
currently no standardized guidelines in the management of cachexia. Activation of endogenous cannabinoid
receptors, through exogenous cannabinoids, has demonstrated potential in increasing appetite, reducing catab-
olism, and has shown anti-inflammatory properties. Since no single pharmacological agent is currently recom-
mended for use in cachexia, the potential of cannabinoids as an appetite stimulant warrants further research and
assessment of current evidence.
Objective: This review aims to evaluate the evidence for the efficacy of cannabis-based medicinal products, against
placebo and other active treatments, in anorexia–cachexia syndrome in improving appetite, weight, and QoL.
Methods: A literature search of the Medline, EMBASE, CENTRAL, and the Web of Science Core Collection, for ar-
ticles published up to February 2020, was conducted. All randomized controlled trials comparing the use of
cannabis-based medicine versus placebo/active treatments for patients with cachexia were screened. The quality
of evidence in included studies was assessed using the GRADE framework and any risk of bias was judged using
the Cochrane risk of bias tool.
Results: A total of five studies, encompassing 934 participants, were found to be eligible. The pooled group ef-
fect size for change in appetite was �1.79 (95% confidence interval: �3.77 to 0.19) favoring the control group
( p = 0.08). Additionally, no significant difference for weight change or change in QoL for cannabinoids versus
placebo/other treatment was observed. The quality of evidence for all five studies was assessed to be low.
Conclusion: There is a lack of high-quality evidence to recommend the use of cannabinoids in the treatment of
cachexia. Given the limited available pharmacological options for cachexia and the potential for cannabinoids to
increase appetite and alter the immune system, further research is needed before clinical recommendations on
the pharmacological management of cachexia can be made.
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Background
Cachexia is defined as ‘‘a complex metabolic syndrome
associated with underlying illness and characterized by
loss of muscle with or without loss of fat mass.’’1 It af-
fects *9 million patients globally, with incidence rising

in line with increasing multimorbidity of chronic dis-
ease.2 Cachexia is particularly associated with cancer
and AIDS affecting 30% and 35% of patients, respec-
tively.3 It has a prevalence of up to 80% in advanced
cancer patients and an approximate mortality rate of
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30% and 80% in chronic heart failure and cancer pa-
tients, respectively.4,5 Cachectic patients show higher
rates of disability, prolonged hospital admission,6 de-
creased psychological wellbeing,7 reduced quality of
life (QoL),8 and an overall poorer prognosis.9,10 There
is a wide variety of cachexia–death associations, includ-
ing increased risk of thrombosis,11 immune deficien-
cy,12,13 reduced cardiac output,14 and increased risk of
adverse cardiovascular events.11,12,15–17 There exist no
standardized guidelines for the management of cachexia
and there is currently no agreed gold-standard pharma-
cological agent for the treatment of cachexia.

Multiple pathways have been identified in the path-
ophysiology of cachexia. An upregulation of pathways
that catabolize muscle and fat and a downregulation
of pathways that stimulate muscle growth lead to an
overall catabolic state, clinically manifesting as weight
loss, weakness, and wasting.3 Cytokines, such as
tumor necrosis factor-a (TNF-a) and Interferon-c,
are upregulated in cachexia and directly inhibit synthe-
sis of heavy chains of myosin.18 Myoblast determina-
tion protein 1, a transcription factor essential for
repair and differentiation of skeletal muscles, is also
inhibited by TNF-a through activation of nuclear fac-
tor kappa-light-chain-enhancer of activated B cells
leading to dysfunction of skeletal muscle produc-
tion.19,20 Cytokines activate proteolysis through a
ubiquitin-mediated system—targeting specific proteins
within skeletal muscle, breaking them down for use in
hepatic synthesis of acute phase proteins.3,21 Resistance
of appropriate hypothalamic responses to orexigenic
and anorexigenic signaling has been observed.22 In ca-
chexia proinflammatory cytokines mimic the negative
feedback leptin exerts on orexigenic pathways.23–25

This excess, unopposed negative feedback combined
with resistance to orexigenic pathways leads to the loss
of appetite and induction of an overall catabolic state
resulting in the sustained, uncontrolled weight loss.23

The cannabinoid receptor type 1 (CB1R) is thought
to play a significant role in modulating appetite and sa-
tiety through presynaptic activity at both orexigenic
and anorexigenic neurons. This serves to increase calo-
ric intake and reduce catabolism.26,27 Activation of this
system has been observed to increase abdominal adi-
posity.26,27 Hence, there is increasing interest in target-
ing the endocannabinoid system for the treatment of
conditions, such as anorexia–cachexia syndrome.
This has previously been suggested to potentially result
in a better prognosis, owing to increased appetite and
weight gain.9,10 As such, there is on-going research

into the potential benefits to treat anorexia–cachexia
syndrome. The (�)-trans-D9-tetrahydrocannabinol
(THC), a partial agonist of CB1R, and its isomers are
currently the most widely researched cannabis-based
medicine for cachexia treatment. THC has been
shown to stimulate appetite, reduce nausea, and im-
prove the functional status in cachexia patients.28–31

The aim of this systematic review and meta-analysis
was to compare the effects of cannabis-based medicinal
products against both placebo and active treatment in
anorexia–cachexia syndrome for appetite stimulation,
change in body mass, and QoL. The review assessed
the quality of evidence for whether cannabis-based
medicine is effective in the treatment of anorexia–ca-
chexia syndrome and hopefully provides a rationale
for any recommendation for use in clinical practice.

Methods
Selection criteria for studies
The PICOS (patient, intervention, control, outcome,
study type) acronym was used to define the research
question by specific criteria. The population in this
case were patients with cachexia, from any underlying
illness, as defined by official diagnostic criteria, hav-
ing had a sustained weight loss > 5% (or body mass
index < 20 kg/m2) in less than 12 months with three
of the five of the following characteristics: decreased
muscle strength, fatigue, anorexia, low fat-free mass
index, and abnormal biochemistry.1 The intervention
was the use of cannabis-based medicines or their syn-
thetic analogs, which could be compared with either a
placebo or other interventions used in the active treat-
ment of cachexia. The chosen outcomes were objective
measurements, such as weight gain and additionally
subjective measurements such as patient-reported QoL
and their change in appetite. Only randomized con-
trolled trials (RCTs) were included, where sample size
was > 10 with follow-up ‡ 4 weeks. The following crite-
ria were to be excluded: volunteers below 18 years of age;
healthy volunteers; patients with anorexia nervosa; pa-
tients with a normal nutritional status in the presence
of chronic illness; and animal studies and non-RCTs.

Search strategies for identification of studies
Extensive keywords and MeSH terms were used to
search Medline and EMBASE databases using the
OVID platform. Equally, similar keywords were used
to search the Cochrane Central Register of Controlled
Trials (CENTRAL) and the Web of Science Core
Collection—to include gray literature in the search.
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See Supplementary Appendix SA1 for a full description
of search strategy developed in consultation with an ex-
perienced medical librarian. In addition, citations and
bibliographic references of included studies and rele-
vant reviews were manually searched to identify any
further studies or search keywords.

Selection of studies
The search was performed by two authors indepen-
dently (S.H. and S.E.); studies selected for full-text
review were assessed independently and any disagree-
ment would be resolved by a third author (M.H.S.)—
however, this was not necessary in this instance.

Data extraction
The following data were extracted for analysis from the
included studies for both the cannabis-based medicines
and placebo/comparator arms:

, Sample size
, Patient demographics (age, sex, ethnicity (where

possible), and weight loss history)
, Appetite change, through a Visual Analog Scale

(VAS) score, at baseline and endpoint
, Weight change (kg)
, Change in QoL assessment (baseline to endpoint)
, Nausea, mood, and vomiting VAS score change

(baseline to endpoint)
, Adverse outcomes (type and frequency)

Across studies, follow-up times and study length
varied.

Quality of evidence and bias risk assessment
The GRADE framework was used to assess the quality
of evidence within each study, where evidence from
each study is given a certainty grading from very low
to high. Where evidence has a very low certainty, the
true effect is likely very different from the estimated ef-
fect seen in the study outcome. These levels of certainty
are calculated based on a subjective approach. The risk
of bias, level of imprecision in 95% confidence intervals
(CIs), inconsistency, indirectness, and publication bias
are all aspects that need to be analyzed before a
GRADE level can be given.32

The Cochrane risk of bias tool for randomized trials
was utilized to assess the risk of bias for each study.33

The items assessed within the risk of bias tool include:

, Bias arising from randomization (selection bias)
, Bias from deviations from intended interventions

(performance bias)

, Bias due to missing outcome data (attrition bias)
, Bias due to measurement of the outcome (detec-

tion bias)
, Bias in selection of the reported result (reporting

bias)

Meta-analysis
Measures of treatment effect. For continuous out-
comes, a pooled mean difference (MD) and 95% CI
was calculated. However, in studies using different
scales measuring appetite, pain, and nausea, the stan-
dardized MD and 95% CI were calculated. For studies
that reported baseline and endpoint data, we calculated
the standard deviation (SD) of the mean change from
the baseline according to reported CI. A decision was
made not to pool studies together if considerable clin-
ical heterogeneity exists. All data were calculated using
the Review Manager (Cochrane, v5.3).34

Unit of analysis issues. Unit of analysis issues were
dealt with depending on the specific study design.
The relevance of each intervention group to this sys-
tematic review was determined by types of population
and types of intervention. The control arm was divided
equally by the number of included intervention groups
in studies that contain two or more groups as described
by Deeks et al.35 If the study already presented separate
subgroup analyses, then the control group was consid-
ered as a whole.

Dealing with missing data. Where necessary, the au-
thors of selected studies were contacted to obtain any
missing data. When this was not be possible, SDs
were calculated using the data available.36

Assessment of heterogeneity. Clinical heterogeneity
(differences in participant type or characteristics, tim-
ing of outcome measurements, and intervention char-
acteristics) was assessed by reviewing the treatments
used across studies and the characteristics of included
participants to assess for any substantial differences.
Statistical heterogeneity was assessed using the w2 test
and I2 statistic. A p-value of 0.05 was considered statis-
tically significant for the w2 test. The I2 statistic was
used to quantify the proportion of variation between
studies that is due to heterogeneity rather than to
chance. This interpretation was in keeping with the
Cochrane Handbook of systematic reviews.37 An I2

value of 0–40% indicates heterogeneity may be not be
important; 30–60% indicates moderate heterogeneity;
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50–90% indicates substantial heterogeneity, and 75–100%
indicates considerable heterogeneity. Forest plots were
created and visibly inspected to identify any outliers.

Assessment of reporting biases. Reporting bias was
assessed by comparing prespecified outcomes in pre-
trial registry entries/study protocols to outcomes
reported in final articles, where available. If registry
entries or protocols were unavailable, reporting bias
was assessed by comparing outcomes specified in the
methodology compared with those reported in the re-
sults section. Publication bias could not be calculated
using a funnel plot due to fewer than 10 studies
being included.38

Results
Search results
A summary of the study selection process is provided in
Figure 1. A total of 859 abstracts were identified
through searches of databases, whereas 112 records
were identified through hand-searching relevant bib-
liographies and from gray literature. Once duplicates
(n = 218) were removed, 753 records were screened
by the title and/or abstract, with 733 being excluded.
Twenty full-text articles were assessed for eligibility
and five articles were included in this review. Figure 1
lists the reasons for exclusion at the full-text level.

Characteristics of included studies
The characteristics of each study are presented in
Table 1. Relevant information on participant demo-
graphics, interventional groups, control groups, any
follow-ups, and outcomes were extracted as detailed
in the methodology.

Intervention
Each of the five studies were RCTs that used some form
of cannabis-based medicine (dronabinol n = 3; canna-
bis extract and THC n = 1; nabilone n = 1) in cachectic
patients against a control group (placebo, n = 3) or al-
ternative pharmacological agent (megestrol acetate
n = 2). The median length of treatment was 6 weeks
(range 4–12 weeks). Three of the studies implemented
a twice-daily regimen of 2.5 mg of dronabinol as the in-
tervention arm compared with either placebo or
megestrol acetate once daily.39–41 Two of these studies
also investigated a combination of megestrol acetate
and dronabinol together.40,41 Jatoi et al.40 investigated
2.5 mg dronabinol + placebo versus oral megestrol ace-
tate 800 mg/day + dronabinol 2.5 mg versus oral meges-

trol acetate 800 mg/day + placebo. Timpone et al.41 had
four treatment arms looking at 2.5 mg dronabinol versus
a combination of 2.5 mg dronabinol with either 250 mg
or 750 mg of once daily megestrol acetate versus just
750 mg megestrol acetate. Turcott et al.42 compared an
initial 2-week 0.5 mg dose of nabilone against placebo
followed by 6 weeks of 1.0 mg nabilone, whereas Strasser
et al.43 looked at the effects of oral cannabis extract,
2.5 mg THC, and 1 mg cannabidiol (CBD), versus both
placebo and 2.5 mg THC alone.

Participants
A total of 934 adult patients took part across all five
studies. Two studies focused on HIV-positive wasting
syndrome with a clinical diagnosis of cachexia through
a > 10% or > 2.3 kg of weight loss in the preceding 2
months.39–41 In three other studies, patients diagnosed
with advanced cancer with an estimated life expectancy
of at least 3 months and self-reported weight loss
of > 5% or > 2.3 kg in the preceding months, not
explained by other disease or recent surgery, were eligi-
ble.40,42,43 These cancer patients all had to have a Euro-
pean Cooperative Oncology Group Performance Status
(ECOG) of 0–2, which determined they were capable of
self-care for example, independent in daily activities.
All five studies mandated either no previous use or a
greater-than-1-month washout period of any appetite
stimulants, including corticosteroids and cannabis
products for at least the past month. All patients
were required to be able to tolerate oral intake with
no parenteral nutrition. For four studies, the majority
of patients were male with just the nabilone study on
nonsmall-cell lung cancer patients42 having a female
majority. The mean age across all five studies was 53
years (SD = 12).

Risk of bias assessment
Figure 2 demonstrates the risk of bias across all five stud-
ies as assessed by the author using the Cochrane risk of
bias tool.33 Supplementary Appendix SA2 provides a
table summarizing the risk of bias in each domain for
each of the included studies as well as the quality of ev-
idence assessment through the GRADE framework.32

Domain 1: Randomization process. All studies stated
randomization occurred but provided no exact meth-
odology to how (e.g., random number generator).
Two studies42,43 were assessed to have some concerns
of bias owing to significant differences in baseline char-
acteristics between intervention and control arms
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(weight loss, performance status, and age). Allocation was
also concealed in four of five studies before assessment.

Domain 2: Deviations from intended interven-
tions. Four of the five studies were stated to be double-
blind, where unblinding was only permitted for safety

reasons. One study41 explicitly states that participants
were instructed on when and how to take their assigned
intervention showing it was unblinded and was there-
fore assessed to have some concerns of bias. Beal
et al.39 excluded patients postrandomization, despite el-
igibility, due to protocol violations, taking less than 75%

FIG. 1. A flowchart depicting the study selection from identification to inclusion using the PRISMA
flowchart, a recommended method of reporting the flow of information during a systematic review,44

alongside the reasons for exclusion at full-text level. RCT, randomized controlled trial.
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of planned medication, and were observed less than 4
weeks. This naive ‘‘per-protocol’’ approach, only evalu-
ating those strictly adhering to the assigned interven-
tion, was deemed to be at high risk of bias, according
to Cochrane.33

Domain 3: Missing outcome data. All five studies had
missing outcome data mainly due to loss to follow-up
or death, some studies handled this incomplete data
appropriately using ‘‘intention-to-treat’’ (ITT) analyses.
Strasser et al. explicitly states that missing values were
substituted using the nearest neighbor approach to
allow for an ITT analysis.43 Beal et al. eliminated
41 of 139 patients from analysis based on protocol vi-
olations or taking less than the planned dosages of
medication—since no sensitivity analysis was con-
ducted to indicate that this missing outcome data had
no effect on the estimations of the intervention’s ef-
fects, this was deemed as high risk of bias.39

Domain 4: Measurement of the outcome. Blinding of
the outcome measurements was described in four of
the five studies. Timpone et al. did not describe any
blinding, so it is assumed that both self-reported out-
comes for QoL and physician measurements could
have been influenced by knowledge of the interven-
tion.41 This study was therefore assessed to have high
risk of bias for this domain.

Domain 5: Selection of the reported result. For all five
studies, no prespecified trial protocols could be identi-
fied. Although attempts to contact the study authors
were made, to identify any prespecified analysis
plans, this was unsuccessful for all included articles.
Raw data for outcome measurements was also missing
in all five studies. Although the reported outcome mea-
surements were in-keeping with the methodology
described in each study—this was written retrospec-
tively once the study had finished and as such all five
studies were judged as having at least some concerns
for reporting bias. However, four studies reported com-
prehensive outcome measurements at multiple time
points for all intervention arms. Jatoi et al. only
reported outcome measurements as ‘‘some point dur-
ing the study’’ rather than specific time points and as
such was judged as high risk of reporting bias.40

Change in appetite
Figure 3 is a forest plot showing the effect sizes of two
included studies looking at the change in appetite for
the cannabis-based medicine (experimental) and pla-
cebo (control) arms.42,43 An effect size above 0 favors
the experimental arm, whereas below 0 favors the con-
trol arm. Strasser et al. provided a unit of analysis issue
as it contained two intervention arms (Cannabis
Extract + THC vs. THC alone)—as such the control
arm was divided equally into two groups for data

FIG. 2. Overall risk of bias graph: authors’ judgments about each risk of bias item presented as
percentages across all included studies, using the Cochrane risk of bias tool (RoB 2)33
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analysis.43 The pooled group effect size for change in
appetite was �1.79 (95% CI: �3.77 to 0.19) favoring
control but this effect was found to be not significant
( p = 0.08). Low heterogeneity existed between these
studies (I2 = 0%).

Change in weight
Figure 4 illustrates a forest plot for the effect sizes of
change in weight reported in two studies between
cannabis-based medicine and the control groups.41,42

The pooled between-group effect size for change in
weight was �4.26 (95% CI: �12.28 to 3.76) although
this result was not statistically significant ( p = 0.30).
Moreover, the I2 value is 95% suggesting a high likeli-
hood of study heterogeneity.

Quality of life
Figure 5 displays a forest plot for the effect sizes for
change in QoL reported in three studies.40,42,43 The
pooled between-group effect size for change in QoL
was�0.14 (95% CI:�0.32 to 0.03) favoring control, al-
though this was not statistically significant ( p = 0.11).
The I2 value of 0% suggests there was low heterogene-
ity between included studies. The standard MD was
used here due to the QoL measurements using differ-
ent scales/instruments.

Acceptability of treatment
All five included studies utilized some form of patient
self-reporting through QoL questionnaires allowing
additional monitoring of adverse events.

Beal et al. reported that 43% of the experimental arm
reported treatment-related adverse events compared
with 13% of the control group ( p < 0.001).39 Addition-
ally, nervous system events (dizziness, euphoria, and
drowsiness) were the most common adverse events
seen in the experimental group (35%) compared with
placebo (9%) with a p-value < 0.001.

In the two studies that compared cannabis-based med-
icine with megestrol acetate, neither found a statistically
significant difference with respect to the frequency of ad-
verse events.40,41 Jatoi et al. found that 18% of male pa-
tients receiving megestrol acetate reported impotence
contrasting with 4% on dronabinol ( p = 0.002).40

Three studies comparing cannabis-based medicines
against placebo found no statistically significant differ-
ence with respect to the frequency of adverse
events.39,42,43 Turcott et al. observed a significant re-
duction in both pain and insomnia for the nabilone
arm compared with the placebo group.42

Discussion
This systematic review and meta-analysis aimed to as-
sess the effect of cannabis-based medicine on patients
with cachexia. The primary objective being to compare
the available evidence on how appetite is affected while
secondarily looking at change in body mass and QoL.

The literature search identified five RCTs evaluat-
ing the efficacy of cannabis-based medicine in the treat-
ment of cachexia in both advanced cancer (three
studies) and HIV patients (two studies). GRADE meth-
odology and the risk of bias tool were utilized for the
analysis and interpretation of study results.

Although two studies found an overall trend that ap-
petite scores had improved with cannabis-based medi-
cine use, no statistically significant change in appetite
was observed across all five studies.39,42 For two pooled
studies, an MD of�1.79 ( p = 0.08) favoring the control
group of patients was calculated.42,43 The quality of ev-
idence was assessed to be low. These studies had small
sample sizes and wide CIs that crossed 0.

No statistically significant change in weight was
observed in the three studies measuring weight
change.39,41,42 However, the quality of evidence for
this outcome was assessed as very low due to identified
risk of bias in outcome measurement and a likelihood
of high study heterogeneity. Patients in one study mea-
suring weight change as an outcome were aware of
their intervention, which could have influenced their
self-reported weight change.45–47 Moreover, study du-
ration varied from 4 to 12 weeks, this relatively short
duration combined with an increasing loss to follow-
up, observed as trial duration continued, calls in to
question the validity of these findings.48 Clinical het-
erogeneity in the form of different routes of adminis-
tration, dosage, and plasma levels may confound the
outcomes leading to the overall study outcome. Future
clinical studies may better benefit from pharmacologi-
cal evaluation to identify an optimum treatment regi-
men particularly in view to identifying if a dose–
response relationship exists.

QoL data were pooled for three studies but no statis-
tically significant change was observed.40,42,43 The
quality of evidence here was again considered low.
The risk of bias in reporting outcomes was also high
in one included study.

All five studies suffered from missing outcome data
due to loss to follow-up. In some cases, evaluable pa-
tients postrandomization were also excluded following
protocol violations. Only one study explicitly explained
how it handled missing outcome data through a nearest
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neighbor approach.43 The inappropriate handling of
missing outcome data in some of the studies calls in
to question the interpretation of the results. If the char-
acteristics of patients that dropped out differed across
treatment arms or the reasons for their loss to follow-
up were not thoroughly explored, the estimate of the
effect of cannabis may be incorrect.49 For example,
drop-out patients could have been of certain ethnic-
ities, disease status, or age ranges that suffered more se-
vere adverse events or felt insufficient benefit from the
treatment to warrant continuation.

Small sample sizes and low quality of evidence were
consistent limitations at study level. A limited number
of studies were identified as suitable for inclusion and
the lack of raw data available for each included study
restricted the quality of analysis possible. The small
study number also meant that it was not possible to
conduct subgroup analyses despite study differences
(treatment type, study duration, and methodology).
Publication bias could not be assessed using funnel
plot asymmetry because fewer than 10 studies were in-
cluded within the meta-analysis.34,50

The average age of the entire cohort for the included
studies is *53 years old with the majority being Cau-
casian males. The applicability of findings in these
studies may be less generalizable to the population
due to differences in pharmacokinetics among age,
gender, and ethnicity.51 Differences in fat distribution
and muscle mass across different populations may af-
fect the pharmacodynamics of cannabinoids.52,53 For-
mal phase I/II studies to elicit pharmacokinetic data
on cannabinoids in cachexia are still awaited.54 This
study aimed to mitigate this by only specifically includ-
ing those with diagnosed cachexia who would therefore
share a more similar body phenotype, in contrast to
previous systematic reviews, which had included pa-
tients without meeting a definition for cachexia.29

Patients being entered onto trials concerning nutri-
tional status could also be more likely to be better
informed and more knowledgeable about good nutri-
tional regimes versus the general population. This
could confound findings in studies that assess pharma-
cological interventions for appetite and weight change,
biasing toward the null.

The findings in this review are in line with a previous
systematic review on cannabinoid use in palliative med-
icine that observed no significant effect of cannabinoids
on appetite or weight change.28 A larger systematic re-
view and meta-analyses on multiple pharmacological
management options for cachexia found no robust evi-

dence to recommend any single pharmacological agent,
including cannabis, for the treatment of cachexia.55 Both
reviews similarly found that most studies suffer from at
least some risk of bias and low quality of evidence.

Cannabinoids possess sufficient pharmacological
potential for use in cachexia. CB1R agonists increase
appetite in orexigenic and anorexigenic neurones.26,27

Moreover, THC and in particular CBD have demon-
strated immunoregulatory function, particularly
through TNF-a and interleukin-6, suggesting a mecha-
nism through which to treat cachexia.56,57 Most pa-
tients are accepting of cannabis-based medicines as
therapeutics, despite negative connotations associated
with its recreational use. Multiple studies conducted
in different patient populations (cancer, acute perio-
perative pain, and chronic pain) confirm this no-
tion.58–61 Over 500 patients surveyed in the United
States judged oral administration in capsules or pills
as the most acceptable, which is the format of admin-
istration used in all five included studies.62

Besides the low quality of evidence in the included
studies for cachexia and cannabinoid use, there exist
a myriad of barriers and challenges to conducting
wider research into cannabinoids in general. Aside
from legal, regulatory, and funding barriers, cannabis
can exist as a whole plant extract or active pharmaceu-
ticals can be isolated and administered to patients.63–65

Cannabis cultivation yields highly heterogeneous prod-
ucts based on growth techniques (light, temperature,
humidity, and nutrient type), and therefore all studies
utilizing plant-sourced cannabinoids need assurance
that good manufacturing practice was used through-
out.66 The Cannabis plant contains over 100 cannabi-
noids, in addition, hundreds of terpenes, flavonoids,
stilbenoids, amino acids, fatty acids, alkaloids, hydro-
carbons, carbohydrates, and phenols.67,68 Ben-Shabat
et al. first highlighted how varying concentrations of
each constituent compound in the plant may alter the
end effect on a patient, known as the ‘‘entourage ef-
fect.’’69 While there is much controversy over the
strength of this posited theory, with evidence both sup-
porting and refuting its existence, the heterogony of
cannabis chemovars does provide challenges in per-
forming RCTs on whole plant extract of unprocessed
flower as the effects of each compound need to be con-
sidered for their effects on the clinical results.69,70–73

Successful clinical trials require large sample sizes
over long durations with tightly controlled methodol-
ogy that can be replicated and consistent results be
reproduced.74
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Conclusion
This review found no high-quality evidence to recom-
mend the use of cannabis-based medicine for the treat-
ment of cachexia. It supports previous findings that
there is no high-quality evidence to support the use
of any pharmacological agents in isolation for ca-
chexia. In view of this, it is recommended that, based
on the pharmacological potential of cannabinoids for
increasing appetite and modulating immune function
combined with the unmet need to develop an effective
treatment option for cachectic patients, further trials
be conducted. Studies with larger sample sizes and
longer trial durations, to produce a higher quality of
evidence, are required. In particular, THC/CBD com-
bination regimens may warrant specific further evalu-
ation, as THC induces appetite stimulation through
CB1R agonist activity, while CBD is immunomodula-
tory. Moreover, further studies are needed to identify
if whole plant extract does exhibit an ‘‘entourage ef-
fect’’ over single agent isolates and how this alters
treatment efficacy for patients.

Ethical Considerations
The authors have reviewed the journal guidance on
ethical standards and have nothing to declare.75

Acknowledgment
The authors thank Ms. Rebecca Jones, medical librar-
ian, who contributed to the development of search
strategy.

Author Disclosure Statement
No competing financial interests exist.

Funding Information
No funding was received in support of this study.

Supplementary Material
Supplementary Appendix SA1
Supplementary Appendix SA2

References
1. Evans WJ, Morley JE, Argilés J, et al. Cachexia: a new definition. Clin Nutr.

2008;27:793–799.
2. von Haehling S, Anker SD. Cachexia as a major underestimated and

unmet medical need: facts and numbers. J Cachexia Sarcopeni. 2010;1:
1–5.

3. Morley JE, Thomas DR, Wilson MG. Cachexia: pathophysiology and clinical
relevance. AM J Clin Nutr. 2006;83:735–743.

4. Haehling Sv, Anker SD. Prevalence, incidence and clinical impact of ca-
chexia: facts and numbers—update 2014. J Cachexia Sarcopeni. 2014;5:
261–263.

5. Farkas J, von Haehling S, Kalantar-Zadeh K, et al. Cachexia as a major
public health problem: frequent, costly, and deadly. J Cachexia Sarco-
penia Muscle. 2013;4:13–18.

6. Naito T, Okayama T, Aoyama T, et al. Unfavorable impact of cancer ca-
chexia on activity of daily living and need for inpatient care in elderly
patients with advanced non-small-cell lung cancer in Japan: a prospec-
tive longitudinal observational study. BMC Cancer. 2017;17:800.

7. Hopkinson JB. Psychosocial impact of cancer cachexia. J Cachexia Sar-
copeni. 2014;5:89–94.

8. Takayama K, Atagi S, Imamura F, et al. Quality of life and survival survey of
cancer cachexia in advanced non-small cell lung cancer patients—Japan
nutrition and QOL survey in patients with advanced non-small cell lung
cancer study. Support Care Cancer. 2016;24:3473–3480.

9. Vagnildhaug OM, Blum D, Wilcock A, et al. The applicability of a weight
loss grading system in cancer cachexia: a longitudinal analysis. J Cachexia
Sarcopeni. 2017;8:789–797.

10. Anker SD, Ponikowski P, Varney S, et al. Wasting as independent risk
factor for mortality in chronic heart failure. Lancet. 1997;349:1050–
1053.

11. Utech AE, Tadros EM, Hayes TG, et al. Predicting survival in cancer pa-
tients: the role of cachexia and hormonal, nutritional and inflammatory
markers. J Cachexia Sarcopeni. 2012;3:245–251.

12. Kalantar-Zadeh K, Rhee C, Sim J, et al. Why cachexia kills: examining the
causality of poor outcomes in wasting conditions. J Cachexia Sarcopeni.
2013;4:89–94.

13. Lesinski G, Young G, Brasdovich M, et al. Cancer cachexia is associated
with decreased responsiveness of immune cells to immunomodulatory
cytokines. Cancer Res. 2008;68(9 Supplement):3792.

14. Webb JG, Kiess MC, Chan-Yan CC. Malnutrition and the heart. Can Med
Assoc J. 1986;135:753–758.

15. Keung Y, Owen J. Iron deficiency and thrombosis: literature review. Clin
Appl ThrombHem. 2004;10:387–391.

16. Tancini G, Barni S, Crispino S, et al. A study of thyroid function in cancer
cachexia. Tumori J. 1989;75:185–188.

17. Brown AA, Hu FB. Dietary modulation of endothelial function: implica-
tions for cardiovascular disease. Am J Clin Nutr. 2001;73:673–686.

18. Acharyya S, Ladner KJ, Nelsen LL, et al. Cancer cachexia is regulated by
selective targeting of skeletal muscle gene products. J Clin Invest. 2004;
114:370–378.

19. Tapscott SJ. The circuitry of a master switch: myod and the regulation
of skeletal muscle gene transcription. Development. 2005;132:2685–
2695.

20. Guttridge DC, Mayo MW, Madrid LV, et al. NF-jB-induced loss of MyoD
messenger RNA: possible role in muscle decay and cachexia. SCIEAS.
2000;289:2363–2366.

21. Llovera M, Garcia-Martinez C, Agell N, et al. Muscle wasting associated with
cancer cachexia is linked to an important activation of the ATP-dependent
ubiquitin-mediated proteolysis. Int J Cancer. 1995;61:138–141.

22. Fujitsuka N, Asakawa A, Uezono Y, et al. Potentiation of ghrelin signaling
attenuates cancer anorexia–cachexia and prolongs survival. Transl Psy-
chiatry. 2011;1:e23.

23. Suzuki H, Asakawa A, Amitani H, et al. Cancer cachexia—pathophysiology
and management. Am J Gastroenterol. 2013;48:574–594.

24. Inui A, Meguid MM. Cachexia and obesity: two sides of one coin? Curr
Opin Clin Nutr. 2003;6:395–399.

25. Perboni S, Inui A. Anorexia in cancer: role of feeding-regulatory peptides.
Philos Trans R Soc Lond B Biol Sci. 2006;361:1281–1289.

26. Mazier W, Saucisse N, Gatta-Cherifi B, et al. The endocannabinoid system:
pivotal orchestrator of obesity and metabolic disease. Trends Endocrinol
Metabol. 2015;26:524–537.

27. Woods SC. The endocannabinoid system: mechanisms behind metabolic
homeostasis and imbalance. AM J Clin Med. 2007;120(2 Suppl 1):S9–S32.
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42. Turcott JG, Del Rocio Guillen Núñez M, Flores-Estrada D, et al. The effect of
nabilone on appetite, nutritional status, and quality of life in lung cancer
patients: a randomized, double-blind clinical trial. Support Care Cancer.
2018;26:3029–3038.

43. Strasser F, Luftner D, Possinger K, et al. Comparison of orally admin-
istered cannabis extract and delta-9-tetrahydrocannabinol in treating
patients with cancer-related anorexia-cachexia syndrome: a multi-
center, phase III, randomized, double-blind, placebo-controlled clinical
trial from the Cannabis-In-Cachexia-Study-Group. J Clin Oncol. 2006;
24:3394–3400.

44. Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for sys-
tematic reviews and meta-analyses: the PRISMA statement. PLoS Med.
2009;6:e1000097.

45. Deutz NEP, Safar A, Schutzler S, et al. Muscle protein synthesis in cancer
patients can be stimulated with a specially formulated medical food. Clin
Nutr. 2011;30:759–768.
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Abbreviations Used
AC/S¼ anorexia–cachexia subscale of FAACT
AIDS¼ acquired immunodeficiency syndrome
BMI¼ body mass index

CB1R¼ cannabinoid receptor type 1
CBD¼ cannabidiol

CI¼ confidence interval
EORTC-QLQ¼ European Organization for Research and Treatment

of Cancer Quality-of-Life Questionnaire
FAACT¼ Functional Assessment of Anorexia–Cachexia

Therapy instrument
ITT¼ intention-to-treat

MD¼mean difference
PICOS¼ patient, intervention, control, outcome, study type

QoL¼ quality of life
SD¼ standard deviation

THC¼ tetrahydrocannabinol
TNF-a¼ tumor necrosis factor-a

VAS¼ Visual Analog Scale
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