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Abstract: The use of cannabis and cannabinoid products for the treatment of neuropathic pain is
a growing area of research. This type of pain has a high prevalence, limited response to available
therapies and high social and economic costs. Systemic cannabinoid-based therapies have shown
some unwanted side effects. Alternative routes of administration in the treatment of neuropathic pain
may provide better acceptance for the treatment of multiple pathologies associated with neuropathic
pain. To examine the efficacy, tolerability, and safety of cannabinoids (individualized formulations,
phytocannabinoids, and synthetics) administered by routes other than oral or inhalation compared to
placebo and/or conventional medications in the management of neuropathic pain. This systematic
review of the literature reveals a lack of clinical research investigating cannabis by routes other than
oral and inhalation as a potential treatment for neuropathic pain and highlights the need for further
investigation with well-designed clinical trials. There is a significant lack of evidence indicating
that cannabinoids administered by routes other than oral or inhaled may be an effective alternative,
with better tolerance and safety in the treatment of neuropathic pain. Higher quality, long-term,
randomized controlled trials are needed to examine whether cannabinoids administered by routes
other than inhalation and oral routes may have a role in the treatment of neuropathic pain.

Keywords: chronic pain; neuralgia; cannabinoids; drug administration routes

1. Introduction

Chronic neuropathic pain is associated with a significant health cost burden, as well as
high societal costs [1–3]. The use of cannabis has been proposed in different diseases [4]. The
endocannabinoid system is made up of endogenous cannabinoids, cannabinoid receptors,
and the enzymes responsible for the synthesis and degradation of endocannabinoids.
Cannabinoid receptors are the primary target for cannabinoids extracted from the cannabis
plant for medical purposes known as phytocannabinoids [5,6]. Cannabinoids are used
effectively in: control of nausea and vomiting in oncology, management of central spasticity,

Plants 2022, 11, 1357. https://doi.org/10.3390/plants11101357 https://www.mdpi.com/journal/plants

https://doi.org/10.3390/plants11101357
https://doi.org/10.3390/plants11101357
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/plants
https://www.mdpi.com
https://orcid.org/0000-0002-3994-109X
https://orcid.org/0000-0002-9588-9935
https://orcid.org/0000-0003-0243-2299
https://doi.org/10.3390/plants11101357
https://www.mdpi.com/journal/plants
https://www.mdpi.com/article/10.3390/plants11101357?type=check_update&version=1


Plants 2022, 11, 1357 2 of 12

treatment of glaucoma, and pain relief in chronic diseases [7] as well as manage seizure
syndromes [8].

Chronic neuropathic pain is associated with inflammation, mainly at the glial level. It
can be started by a great variety of pathologies. The processes that are involved are under
investigation and have not yet been completely elucidated. Neuropathic pain is recognized
as a complex entity to treat [9]. The International Association for the Study of Pain (IASP)
defines neuropathic pain as “pain caused by an injury or disease of the somatosensory
nervous system” [10]. Neuropathic pain is a clinical description (and not a diagnosis) that
requires a demonstrable injury or disease that meets established neurological diagnostic
criteria [10] and it is a common entity [11]. The characteristics of neuropathic pain are
different from those of other types of chronic pain [12]. Abnormal sensations such as
allodynia, paresthesias, and dysesthesias are present and there are usually autonomic
alterations [13]. Neuropathic pain partially responds to available treatments. A multimodal
approach to this entity is recommended, but the available treatments have limitations. It
is necessary to generate clinical evidence of new therapies to provide better therapeutic
results [14,15].

Different treatment options have been described for neuropathic pain [15]. These
include treatment with anticonvulsants, antidepressants, opioids, and local anesthetics [16].
There is no evidence to support the use of conventional analgesics such as paracetamol or
non-steroidal anti-inflammatory drugs (NSAIDs) in the treatment of chronic neuropathic
pain [16]. Some studies have addressed topical management with local anesthetics and cap-
saicin patches with results not always optimal [17–21]. The most widely accepted treatment
is with neuromodulators, such as antidepressants (duloxetine and amitriptyline) [22] or
anticonvulsants (gabapentin or pregabalin) [23]. On the other hand, the evidence for the effi-
cacy of opioid use is low [24]. With these, the response is variable and side effects sometimes
limit adherence to treatment. The approach with the best results is the multidisciplinary
approach combining pharmacological, physical, and psychological interventions [25,26].

The endogenous cannabinoid system plays an important role in the regulation of
homeostasis and neuroplasticity of the central nervous system (CNS), as well as in the
modulation of pain transmission in the nociceptive pathway [27]. Cannabinoid receptors
(CBR) are found throughout the entire CNS and peripheral, as well as in other organs [28].
CBR1 have been shown to be predominantly expressed on CNS neurons, while CBR2 are
expressed on microglial cells that are activated in many neuroinflammatory diseases such
as nerve-mediated pain. Neuropathic pain has complex pathophysiology, and its treatment
can be challenging, making it a disease that is often not adequately treated in the clinical
setting [29].

Systematic reviews of the use of cannabinoids for the treatment of chronic pain have
been carried out [30]. There was moderate evidence to support cannabinoids in the treat-
ment of chronic non-cancer pain. However, concerns regarding the adverse effects and
safety of long-term cannabinoid use are still uncertain. There are recent studies [31], that
suggest the use of new forms and administration vehicles of cannabinoid derivatives for
the management of neuropathic pain, suppressing the possible adverse effects of their
systemic administration. These new forms of cannabinoids administration could achieve
a better pharmacokinetic (PK)/pharmacodynamic (PD) profile, which allows adequate
adherence to these treatments, expanding the therapeutic possibilities and favoring clinical
outcomes [32,33].

Possible benefits have been raised with cannabinoid derivatives in the management
of neuropathic pain [34] and neuroinflammation [35]. The effects of cannabinoids and
their interaction in the body are yet to be fully understood; however, the therapeutic
effects of some cannabinoid derivatives are already approved for in the management of
chronic pain and co-occurring conditions in some countries. The potential benefits of
cannabis-based medicine (herbal cannabis, plant-derived or synthetic tetrahydrocannabinol
(THC), THC/cannabidiol (CBD) oromucosal spray) in chronic neuropathic pain might be
outweighed by their potential harms [36].
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The endocannabinoid system is expressed and distributed in almost all human tis-
sues [37], is activated by physiological stress and allows to control the state of balance. In
the immune system, endocannabinoid signaling modulates the immune and inflammatory
response in multiple states [38]. Preclinical studies demonstrate the beneficial effect of CBD
treatment on autoimmune neuroinflammation by suppressing the expression of proinflam-
matory chemoattractants and regulating the activity of inflammatory macrophages [35].
Recent evidence shows that medical cannabis or cannabinoids result in little to very little
improvement in pain relief, physical functioning, and quality of sleep among chronic pain
patients [39]. However, this evidence was collected in chronic noncancer and cancer-related
pain without establishing a specific route of administration or specifically identifying
neuropathic pain.

Clinical trials with synthetic and natural cannabis-based drugs suggest a promising
approach for the treatment of neuropathic pain of different etiologies [40,41]. However,
adverse effects have been reported [42]. One way to control adverse effects in cannabinoid
therapy is through a personalized medicine model [14]. Transdermal administration of
cannabinoids may be a more effective alternative to the oral or inhaled route for the
management of this challenging neuropathic pain condition. In a study in murine models,
it was shown that the application of CBD in transdermal gel achieves a significant plasma
concentration at steady state, suggesting the efficacy of this pathway administration [43]. It
has been proposed topical and transdermal routes, seeking to obtain analgesic effect and
reduce the systemic effects of oral and inhaled applications [32].

To date, there is no publication of a systematic review that addresses evidence on the
safety and effectiveness of the use of cannabinoids other than the oral or inhaled route.
Some patents have been registered [32]. Therefore, we aimed at evaluating the safety and
effectiveness of cannabinoids used by routes other than oral or inhalation for neuropathic
pain compared to placebo or other medications in terms of pain relief, quality of life and
adverse events.

2. Results

Using our search terms (Table S1), 1537 articles were selected. Of those, 196 were
excluded because the route of administration was oral or inhaled, 646 were animal studies,
579 were reviews, 25 retrospective studies with oral or inhaled route of administration, and
in vitro 85. Finally, 6 clinical studies in humans were reviewed in full text. These 6 studies
were classified by study type as follows: 3 were placebo controlled, 2 open label, and 1 was
a case series. Of the 6 human studies, only 1 was rated as “relevant” and completed the
selection criteria as the data analyzed specifically included neuropathic pain, cannabinoid
exposure, and the route of administration was other than oral and inhaled (Figure 1). Our
results are briefly described below and summarized in Table 1.

Xu et al., recruited 29 patients with symptomatic peripheral neuropathy: 15 patients
were randomized to the CBD group with the treatment product CBD-enriched emu oil
containing 250 mg CBD/3 fl. oz, and 14 patients were randomized to the placebo group [31].
After four weeks, the placebo group was allowed to crossover into the treatment group for
another four weeks. The neuropathic pain scale (NPS) was administered bi-weekly to assess
the mean change from baseline to the end of the treatment period. The study population
included 62.1% men and 37.9% women with a mean age of 68 years. Eighteen (62.1%) study
subject participants had peripheral neuropathy secondary to diabetes mellitus, 6 (20.7%)
participants had idiopathic peripheral neuropathy, and 3 (10.3%) participants had drug-
related neuropathy. It additionally included one patient with embolism and one patient
with sciatica [31]. There was a statistically significant decreasing trend (p < 0.05) in intense
(in the CBD group decreased from 4.67 at baseline to 3.33 at week 4, difference: −1.34; in the
placebo group decreased from 6.14 at baseline to 5.55 at week 4, difference: −0.59), sharp
(in the CBD group decreased from 2.93 at baseline to 2.17 at week 4, difference: −0.76; in
the placebo group decreased from 6.0 at baseline to 5.09 at week 4, difference: −0.91), cold
(in the CBD group decreased from 2.13 at baseline to 0.5 at week 4, difference: −1.63; in the
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placebo group decreased from 2.79 at baseline to 2.36 at week 4, difference: −0.43) and itchy
sensations (in the CBD group increased from 0.73 at baseline to 0.83 at week 4, difference:
0.1; in the placebo group decreased from 2.79 at baseline to 2.0 at week 4, difference:
−0.79) in the CBD group compared to the placebo group. However, although statistically
significant, the differences reported in the Table 2 of Xu et al. article [30] seems to favor
the placebo over the CBD in the domains of sharp (CBD change at week 4 compared to
baseline of −0.76 vs. a placebo change of −0.91) and itchy sensations (CBD change at week
4 compared to baseline of 0.1 vs. a placebo change of −0.79).

Plants 2022, 11, x FOR PEER REVIEW  4  of  13 
 

 

 

Figure 1. Flowchart of studies selected. 

Table 1. Description of study selected. 

Author  Design  Description  Gender 
Age 

(yrs) 
n  Outcome Pain Measures 

Outcome 

Intervals 

p Value 

Treatment 

Effect 

Xu et al. 

(2020) 

Single‐centre, 

double‐blind, 

randomized, 

placebo‐contr

olled trial 

Assess the 

efficacy of a 

topically 

delivered CBD 

oil in 

management of 

NP 

M/F 

18/11 
35–79  29 

Self‐reported: pain and 

specific sensations were 

evaluated using the NPS 

in 10 domains of pain: 

sharp, 

hot, dull, cold, sensitive, 

itchy, deep and surface 

Baseline, 2 

and 4 weeks 

Overall: 

0.00901 

Xu et al., recruited 29 patients with symptomatic peripheral neuropathy: 15 patients 

were  randomized  to  the CBD group with the treatment product CBD‐enriched emu oil 

containing 250 mg CBD/3 fl. oz, and 14 patients were randomized to the placebo group 

[31]. After  four weeks,  the placebo group was allowed  to crossover  into  the  treatment 

group  for  another  four  weeks.  The  neuropathic  pain  scale  (NPS)  was  administered 

bi‐weekly  to assess  the mean change  from baseline  to  the end of  the  treatment period. 

The  study population  included  62.1% men  and  37.9% women with  a mean  age of  68 

Figure 1. Flowchart of studies selected.

Table 1. Description of study selected.

Author Design Description Gender Age (yrs) n Outcome Pain
Measures

Outcome
Intervals

p Value
Treatment

Effect

Xu et al.
(2020)

Single-centre,
double-blind,
randomized,

placebo-
controlled

trial

Assess the
efficacy of a

topically
delivered
CBD oil in

management
of NP

M/F
18/11 35–79 29

Self-reported: pain and
specific sensations

were evaluated using
the NPS in 10 domains

of pain: sharp,
hot, dull, cold,

sensitive, itchy, deep
and surface

Baseline, 2
and 4 weeks

Overall:
0.00901
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Table 2. Detailed description of excluded studies after full text review.

Articles Study Design Description Age (Years) Size Outcome Pain
Measures

Outcome
Intervals

Reason for
Exclusion

Hagenbach et al.
(2007) Prospective

Assess the efficacy and
side effects of oral
D9-THC and rectal

THC-HS in SCI patients,
but the rectal arm was not

performed

29–66 21

Self-reported:
spasticity sum
score using the

MAS, self-ratings
of VAS and
spasticity

Baseline, 8 and
43 days

Did not assess
routes other than
oral or inhalation

Phan et al. (2009) Prospective

Explores the analgesic
efficacy of adjuvant

therapy with a topical
cannabinoid agonist in

PHN patients with facial
involvement

48–79 8 VAS Baseline, 2 and
4 weeks

Did not include a
control group

Eskander et al.
(2020) Retrospective

Describes the use of a
hemp-derived CBD in a

topical cream for the
symptomatic relief in

acute and chronic
back pain

40–61 2 VAS Baseline, 8 h and
4 weeks

Case report
without a control

group

Jain et al.
(1981) Prospective

Evaluation of
intramuscular

levonantradol and
placebo in acute

postoperative pain in
patients with moderate to

severe postoperative or
trauma pain

25.3 ± 5
30.2 ± 11 56 Four point scale

Baseline, 15, 30,
and 60 min, and
hourly thereafter
for a total of 6 h

Did not include
patients with

neuropathic pain

Schindler et al.
(2019) Prospective

Psychoactive doses of
intravenous D9-THC in

healthy volunteers induce
chemical pain and
hyperalgesia with

capsaicin, mechanical
(von Frey filament), hot

and cold (thermode), and
electrical (pulse generator)

19–51 6 VAS, MPQ-SF

Before drug
administration,

peak drug
effects, and 2 h

after drug
administration

Study performed
in healthy

subjects, did not
include patients

with
neuropathic pain

THC, tetrahydrocannabinol; THC-HS, THC-hemisuccinate; SCI, spinal cord injury; MAS, Modified Ashworth
Scale; VAS, visual analogue scale; PHN, postherpetic neuralgia; CBD, cannabidiol.

In particular, a greater reduction in intense, sharp, and itching sensations scores was
observed. Furthermore, a significant time effect was also observed in the CBD group in
reducing sharp, unpleasant, and surface pain ratings. No adverse events were reported in
this study (Table 1) [31].

The risk of bias of the included study is summarized in Table 3. The randomization
program was generated by a computer using blocks of size 4 and subjects were assigned
accordingly; therefore, we rated the random sequence generation at low risk of bias. The
risk of bias due to allocation concealment was judged to be high because the authors did
not provide details about this point and in the baseline variables there were apparent
imbalances between the CBD and placebo groups in the following variables: Gender,
previous CBD use, Vibratory sensation, and NPS domains of Intense, Sharp, Itchy, Deep,
Surface. Such imbalance implies a suboptimal effectivity of the randomization process,
which could be related to ineffective allocation concealment. The study was double blind
in its firsts phase, but it had a second phase which was open label and it is not clear how
much the results of this second phase influenced some of the statistical analyses; therefore,
the risk of bias related to blinding was rated as unclear. The study had 3 subjects lost to
follow-up in each arm, indicating a lost to follow-up rate of about 20%, which is high and
put the study at high risk of attrition bias. Finally, we rated the study at high risk of selective
reporting bias because the study did not register the protocol before the beginning, making
it impossible to know if the authors performed all the planned statistical tests, and when
other common methods to assess the intervention effectivity, like assessing the change of
NPS scores from baseline to week 4 (end of RCT blinded phase) are performed to the study
data (published in a repository linked to the article), the benefits of the intervention are
not confirmed.
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Table 3. Cochrane Risk of Bias for Randomized Controlled Trials Tool for the study selected [31].

Risk of Bias Observations

Random sequence generation (selection bias) Low

Allocation concealment (selection bias) High

The authors did not provide details about the method of allocation
concealment and in the baseline variables there were apparent

imbalance between the CBD and placebo groups in the following
variables: Gender, previous CBD use, Vibratory Sensation, and

NPS domains of Intense, Sharp, Itchy, Deep, Surface. Such
imbalance could be due to deficiencies in the randomization

process due to insufficient concealment

Blinding of participants and personnel (performance bias) Unclear The study had an open label phase, and it is not clear how much
this influenced some of the statistical analyses

Blinding of outcomes assessment (detection bias) Unclear The study had an open label phase, and it is not clear how much
this influenced some of the statistical analyses

Incomplete outcome data (attrition bias) High The lost to follow-up rate was high, about 20% (3 subjects in
each arm)

Selective outcome reporting (reporting bias) High

When other common methods to assess the intervention effectivity,
like the change of NPS scores from baseline to week 4 (end of

RCT blinded phase) are performed to the study data the benefits of
the intervention are not confirmed and the protocol of the study

was not published before its beginning

Articles that were not included in qualitative synthesis for not meeting all the inclusion
criteria are described below. Three articles studied the use of cannabinoid derivatives by
routes other than oral and inhalation in neuropathic pain, but its design gave us serious con-
cerns (Table 2). Participants had spinal cord injuries [44], facial posherpetic neuralgia [45]
and back pain [46].

Hagenbach et al. evaluated the efficacy and side effects of oral D9-THC (THC) and
rectal THC-hemisuccinate (THC-HS) in spinal cord injured patients [44]. It was planned
as a three-phase study with crossover between oral THC (dronabinol), rectal THC, and
placebo groups. The design was changed to two open-label phases with oral THC and
rectal THC-HS, and finally, there was a random control trial of oral THC versus placebo.
Hagenbach et al. found a significant reduction in the spasticity score (Ashworth scale) in
patients treated with placebo. In total, 7 patients with THC-HS by rectal route were studied.
Self-assessments of pain, mood, and attention were not reported for this group. However,
one of these patients dropped out of the study due to pain [44]. In the oral group, phase
1 patients perceived a significant reduction in pain with oral THC on day 1 compared to
baseline (p = 0.047). However, there was a trend (p = 0.066) for worse attention with oral
THC compared with placebo on day 1 of treatment, but this trend disappeared despite
continued treatment [44]. The open-label data collection for the THC treated group and
departures from the planned analyses limits the conclusions that can be drawn, and for
this reason it was excluded.

Phan et al. conducted an open-label trial without a placebo group, and this is the reason
why it did not enter the final analysis. In total, 8 patients with facial postherpetic neuralgia
received a cream containing the cannabinoid receptor agonist N-palmitoylethanolamine
(PEA, Physiogel AI Creme®, Hamburg, Germany) [45]. The cream was applied to the
affected site twice daily for two to four weeks. The course of symptoms was scored with the
visual analog scale. In total, 5 of the 8 patients (62.5%) experienced a mean pain reduction
of 87.8%. Therapy was tolerated by all patients. No unpleasant sensations or adverse
events occurred [45].

Finally, Eskander et al. reported two patients that used topical CBD cream (400 mg
CBD per two oz; Baskin Essentials Body Wellness Cream®) for the symptomatic relief of
pain secondary to a lumbar compression fracture and in the mitigation of chest discomfort
and dysesthesia secondary to a surgically resected meningioma, reporting significant
symptom and pain relief [46]. This did not meet the inclusion criteria because it was a
case report.
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Two articles studied the use of cannabinoid derivatives by routes other than oral and
inhalation in non-neuropathic pain. Because they do not focus on neuropathic pain, they
are excluded. Jain et al. evaluated the use of intramuscular levonantradol versus placebo
in acute postoperative pain [47]. Administration in a double-blind study of different single
intramuscular doses of levonantradol (n = 40), an analog of the cannabinoid dronabinol,
or placebo (n = 16) to 56 patients with moderate to severe postoperative or traumatic
pain showed significant analgesic effects in comparison with placebo (p < 0.05) [47]. In
total, 57 percent of patients managed with levonantradol reported as one or more of the
side effects, whereas drowsiness was the most frequent. Changes in heart rate and blood
pressure were also identified to be minor. Overall acceptability was good [47].

Schindler et al. conducted an exploratory, randomized, double-blind, placebo-controlled
crossover study, which showed that psychoactive doses of intravenous delta-9-tetrahydrocannabinol
failed to produce antinociceptive effects in healthy human volunteers (n = 6) [48]. Intra-
venous THC did not demonstrate significant antinociceptive properties in the experimental
model of acute pain and capsaicin-induced hyperalgesia in healthy human subjects [48].
Schindler et al. conclude that continued study of THC and other cannabinoids through
high-quality controlled studies in healthy volunteers and patients with pain conditions is
warranted to inform the growing demand for the clinical application of cannabinoids in
the treatment of pain [48] (Table 2).

3. Discussion

There are few good quality clinical studies evaluating the use of cannabinoids by routes
of administration other than oral and inhaled. In the only study that met the inclusion
criteria of our systematic review, there was a statistically significant reduction in intensity
in the CBD group compared to the placebo group. In addition, a significant time effect was
also observed. No adverse events were reported in this study.

In prospective trials and systematic reviews administered orally and inhaled, cannabi-
noids can cause some relief of neuropathic pain [30,36,49–51] in patients with neuropathic
pain. There were no systematic reviews, like the present one, of studies in which cannabi-
noid derivatives are used by alternative routes to oral or inhaled. Only one study revealed
by this search directly evaluated the relationship between topical cannabis and neuropathic
pain. This demonstrates that there is a paucity of data on the possible risks and benefits of
the use of cannabinoids by routes other than oral or inhaled to treat neuropathic pain.

There are many potential avenues for future research. The number of countries that
have regulated the legal use, prescription, or sale of cannabis for medicinal purposes is
increasing. Currently, more than 50 countries have adopted medical cannabis programs.
This, together with the removal of the classification of cannabis as a Schedule I substance by
the United Nations, allows progress in this field of research.

The clinical use of cannabis derivatives is already approved based on clinical evidence
in entities such as spasticity in multiple sclerosis [52,53], seizures associated with two
rare and severe forms of epilepsy, Lennox-Gastaut syndrome (LGS) [54,55] and Dravet
syndrome (DS) [56,57], and cachexia-anorexia syndrome in cancer [58] and HIV [59]. There
is a need for continued uniform evaluation of non-inhaled and non-oral cannabis use and
neuropathic pain through rigorous, unbiased, and high-quality clinical research.

In the design of future research, multiple factors should be considered, including
minimal clinically important difference, placebo-controlled studies, appropriate blinding
protocols, and relevant outcome measures [60]. For trials of neuropathic pain, pain relief
scales, patient and physician global impression of change, proportion of respondents (50%
and 30% pain relief), validated neuropathic pain quality measures, and assessment of sleep,
state mood, functional capacity, and quality of life have also been recommended [61], as well
as functional outcomes. The lack of reliable epidemiological data has hampered progress in
understanding the clinical impact of neuropathic pain and associated features [62]. Studies
using the Leeds Assessment of Neuropathic Symptoms and Signs score (S-LANSS) [63],
painDETECT [64], and Douleure Neuropathique en 4 questions (DN4) [65] indicate that
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standardized tools improve the quality of epidemiological data. Standardized tools for
neuropathic pain may be useful in future trials because they could assess the efficacy
of treatment for a specific symptom or combination of symptoms, rather than a disease
entity [66].

The only selected study evaluated pain and specific sensations using the neuropathic
pain scale (NPS). NPS was developed to assess the qualitative and quantitative qualities of
neuropathic pain (NP) and has received prior validation in peripheral NP conditions [67].
The NPS appears to be able to discriminate between neuropathic and non-neuropathic pain.
Whether diagnoses such as fibromyalgia and complex regional pain syndrome Type I can
be classified as neuropathic is debated. Some studies of the NPS cutoff score suggest that
these diagnoses may have a neuropathic pain component.

In addition, patients’ history of previous cannabinoid use, different routes of adminis-
tration, and associated adverse events should be more closely examined.

Our review has several limitations. The databases consulted were limited to PubMed,
SCOPUS, and LILACS. This could exclude articles from other databases that were not con-
sulted. Additionally, the number of articles that met the inclusion criteria was limited. We
found a great agreement in the selected articles, which could have produced selection bias.

The scarcity and diversity of studies regarding the subject and design of research in
the area is evident and, therefore, the generalization of these results is limited. This further
emphasizes the need for longitudinal studies that examine the potential risks and benefits
of cannabinoid administration by alternative routes for neuropathic pain.

4. Materials and Methods
4.1. Search Eligibility Criteria and Search Strategy

This systematic review was developed with the recommendations given by the
Cochrane collaboration [68]. We had a particular interest in studies related to the def-
initions of the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials
(IMMPACT) group [69,70]. We focus on the use of cannabis derivatives by routes of adminis-
tration other than oral and inhaled in the management of neuropathic pain by conducting a
systematic review of the literature through various online databases. Data sources included
PUBMED, SCOPUS, and LILACS. Search strategies used keywords placed in specific search
fields (All fields and MeSH terms) on 4 April 2022 (Table S1).

Randomized clinical trials (RCTs), and reports of observational studies (with either
a cohort design, case-series or a case–control design) that compared cannabinoids with
usual care, placebo, or no treatment were eligible. We applied the following inclusion
criteria: RCTs, cohorts, cases and controls that within their results reported relevant clinical
outcomes in patients with neuropathic pain of any etiology, acute or chronic; age of partici-
pants: adults, 18 years or older; any publication year, language or status of publication (i.e.,
grey literature). We also applied the following exclusion criteria: Any study not presenting
results against another treatment (including placebo or standard of care); studies with
insufficient data for analysis; age of participants: younger than 18 years.

4.2. Selection of Studies, Data Extraction and Risk of Bias

All titles and abstracts identified in the electronic databases were screened indepen-
dently of one another by two review authors (J.-M.Q., G.P.) determining eligibility by
reading the abstract of each study identified by the search. We eliminated studies that
clearly did not satisfy the inclusion criteria and obtained full copies of the remaining stud-
ies. Any discrepancies were resolved through a consensus discussion with a third senior
reviewer (L.-F.G.).

Two review authors (J.-M.Q., G.P.) extracted data independently using a standard
form and checked for agreement before selecting data, including information about the
pain condition and number of participants treated, study setting, inclusion and exclusion
criteria, demographic and clinical characteristics of the study samples and entering data
into Review Manager 5.4 [71]. The two reviewers also independently assessed risk of bias
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for the included studies using the Cochrane Risk of Bias tool for randomised trial (RoB 2.0)
and ROBINS-I 2016 tool for non-randomised studies.

4.3. Measures of Treatment Effect

For dichotomous data, we calculated the relative risk (RR), odds ratio (OR), inverse
variance method and 95% Confidence Interval (CI). Continuous outcomes would be
pooled using standardized mean differences and inverse variance method. In case of
non-significant heterogeneity, the fixed-effect model would be used; otherwise, the random-
effects model would be used. Results (mean difference, 95% CIs, and p values) from
the between-group statistical analyses reported by the study were also extracted. The
significance level was set at a p < 0.05 (two-tailed).

We consider a treatment response to achieve at least the minimally important difference
(MID) [72]. The MID is the smallest amount of improvement in a treatment outcome that
patients recognize as important [73]. In chronic neuropathic pain has not been determined.
For the 10 cm VAS for pain and sleep quality, the MID has been established at approximately
1 cm [70,74]. Thus, we consider MID of 10% improvement on the scale of the analyzed study.
We used Preferred Reporting Items for Systematic Review and Meta-Analysis PRISMA
recommendations for the identification and selection of studies [75].

5. Conclusions

This systematic review of the literature revealed that there is a significant lack of
evidence regarding the role of alternative oral and inhaled cannabinoid products in the
treatment of neuropathic pain. It is not possible to determine the efficacy, tolerability, and
safety of cannabinoids administered by those routes. Neuropathic pain is a clinical entity
that is difficult to manage and is responsible for disability in many people with chronic
pain. The clinical applications of cannabis and non-inhaled and non-oral cannabinoid prod-
ucts, including the management of neuropathic pain, clearly deserve further exploration.
Higher quality, long-term, randomized controlled trials are needed to examine whether
cannabinoids administered by routes other than inhalation and oral routes may have a role
in the treatment of neuropathic pain.
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