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Abstract

Background. Neuropathic pain (NPP) is a chronic
syndrome suffered by patients with multiple sclero-
sis (MS), for which there is no cure. Underlying cel-
lular mechanisms involved in its pathogenesis are
multifaceted, presenting significant challenges in
its management.

Methods. A randomized, double-blind, placebo-con-
trolled study involving 15 relapsing-remitting MS
patients with MS-induced NPP was conducted to eval-
uate nabilone combined with gabapentin (GBP). Eligi-
ble patients stabilized on GBP (�1,800 mg/day) with
inadequate pain relief were recruited. Nabilone or pla-
cebo was titrated over 4 weeks (0.5 mg/week increase)

followed by 5-week maintenance of 1 mg oral nabilone
(placebo) twice daily. Primary outcomes included two
daily patient-reported measures using a 100-mm vis-
ual analog scale (VAS), pain intensity (VASpain), and
impact of pain on daily activities (VASimpact). Hierarchi-
cal regression modeling was conducted on each out-
come to determine if within-person pain trajectory
differed across study groups, during 63-day follow-up.

Results. After adjustment for key patient-level cova-
riates (e.g., age, sex, Expanded Disability Status
Scale, duration of MS, baseline pain), a significant
group 3 time2 interaction term was reported for both
the VASpain (P < 0.01) and VASimpact score (P < 0.01),
demonstrating the adjusted rate of decrease for both
outcomes was statistically greater in nabilone vs
placebo study group. No significant difference in
attrition rates was noted between treatments. Nabi-
lone was well tolerated, with dizziness/drowsiness
most frequently reported.

Conclusion. Nabilone as an adjunctive to GBP is an
effective, well-tolerated combination for MS-induced
NPP. The results of this study identify a novel thera-
peutic combination for use in this population of
patients predisposed to tolerability issues that may
otherwise prevent effective pain management.

Key Words. Chronic Pain; Controlled Trial; Gaba-
pentin; Neuropathic Pain; Pain Management; Multi-
ple Sclerosis

Introduction

Multiple sclerosis (MS) is a chronic, progressive disease of
the central nervous system (CNS) involving axonal demye-
lination and destruction, and accumulating evidence sup-
ports autoimmune origins of this disease [1,2]. Th1 cell
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activation in the CNS and subsequent release of various
inflammatory cytokines are thought to play a key role in driv-
ing inflammation and axonal damage in MS [2]. Interest-
ingly, recent evidence suggests involvement of similar
mechanisms in the development of other conditions, spe-
cifically neuropathic pain (NPP) [3,4]. NPP, or “pain arising
as a direct consequence of a lesion or disease affecting the
somatosensory system,” [5] is a potentially excruciating
syndrome often poorly responsive to analgesics [6]. Due to
proposed shared mechanisms between NPP and MS, it is
not surprising that up to 50% of all pain experienced in this
population is attributable to NPP processes [7–9]. Analo-
gous to MS, the mechanisms underlying the development
and progression of NPP are complex, involving multifaceted
pathology, which contributes to the challenge of effective

management [10]. At present, there is no cure for MS-
induced NPP and, therefore, treatment success is not
defined by the complete abolition of pain but rather in terms
of effective reduction [11]. Early suppression of underlying
neuronal excitability with efficacious treatment may prevent
neuronal “wind-up” and ultimate refractoriness of NPP [12].
Given the complex underlying NPP cellular pathology,
monotherapy may be insufficient at hindering the dissemi-
nation of cellular excitation, suggesting a potential role for
combination therapy [13–15].

First-line recommendations for NPP management include
monotherapeutic use of the anticonvulsant gabapentin
(GBP) [10,16,17]. Figure 1 illustrates GBP’s proposed anal-
gesic mechanism. GBP has documented effectiveness in

Figure 1 Pain impulse transmission from nociceptor synapsing with a dorsal horn neuron is presented. Proposed

analgesic mechanisms of gabapentin and nabilone are depicted. 1) Gabapentin binds to VGCC, blocking influx of

Ca21 and thus limiting overall excitability in the presynaptic terminal resulting in reduction in release of excitatory

NTs (i.e., Glu). 2) Nabilone binds on presynaptic terminal CB receptor, resulting in reduced Ca21 influx from VGCC

and increased K1 efflux, and overall net decreased cellular excitability. Also, postsynaptic eCB production in

response to presynaptic release of excitatory NTs (i.e., Glu) results in retrograde transportation of eCBs across the

synapse to also bind with CB receptors for similar effects. CB ligand-binding affinities (Ki) at human CB1 receptor:

nabilone5 2.2nM, anandamide 5 239.2nM, 2-AG 5 3,243.6nM. (R)5 receptor; 2-AG5 2-arachidonoylglycerol;

AEA5 anandamide; AMPA 5 a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; Asp5 aspartate;

ATP 5 adenosine triphosphate; CB5 cannabinoid; CGRP 5 calcitonin gene-related peptide; eCB 5 endogenous

cannabinoid; GBP5 gabapentin; Glu 5 glutamate; Kv 5 potassium channel; mGlu5 metabotropic glutamate;

NE 5 norepinephrine; Nk-A5 neurokinin-A; NMDA 5 N-methyl-D-aspartate; NT5 neurotransmitter; SubP 5 Sub-

stance P; VGCC5 voltage-gated calcium channel; X 5 other excitatory (SubP, NE, Asp, ATP, etc.). [Color figure

can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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NPP [16,18]; however use is often limited by dose-related
adverse events including dizziness, ataxia, and somnolence
[18]. Intolerability of GBP at effective dosages (ranging from
600 to 3,600 mg daily) [13,19,20] can be especially prob-
lematic for individuals with MS, where concurrent disease-
induced symptoms may overlap its side-effect profile.

Cannabinoids (CBs) are ligands that interact with
endogenous CB (eCB) receptors—among others—to
produce various physiological effects, including analge-
sia. Antinociceptive effects of CBs are produced
through complex receptor interactions at multiple ana-
tomical sites of action [21,22]. Figure 1 illustrates the
proposed analgesic mechanisms of CBs/eCBs in the
dorsal horn (DH). Despite efficacy in various NPP condi-
tions [23], CBs remain alternative agents. Concerns
regarding abuse potential, stigma, and safety are com-
mon barriers to the incorporation of CBs into standard
NPP management [23]. CBs for NPP are presently
reserved for patients inadequately controlled by first- or
second-line agents [16,23]. The synthetic oral CB, nabi-
lone, is an effective analgesic for fibromyalgia [24] and
diabetic peripheral neuropathy (DPN) [25,26]. Addition-
ally, nabilone was found effective and well tolerated in
MS for spasticity-related pain [27], however has not
been evaluated for use in NPP secondary to MS.

Our study evaluated efficacy and tolerability of nabilone
in combination with GBP for management of NPP
symptoms in individuals with relapsing-remitting MS
(RRMS). We hypothesized that combined use of nabi-
lone/GBP in this population will significantly reduce
absolute pain and the impact of pain on daily activities
compared with placebo with similar tolerability. To our
knowledge, this is the first study to evaluate this thera-
peutic combination for management of NPP in RRMS.

Methods

Overall Study Design

A single center, randomized, double-blinded, parallel,
placebo-controlled study was conducted in patients
with RRMS who were diagnosed with NPP. Eligible
patients on a stable dose (�1,800 mg/day) of GBP with
inadequate pain control (VASpain�50) were considered
for enrollment in the trial. Consenting patients were
randomized to receive adjunctive treatment with either
nabilone (target dose 2 mg/day) or matched placebo.

This study was comprised of a prescreening visit (Visit
1), during which patients completed baseline pain
assessment, followed by a 9-week (63-day) treatment
phase (4-week dose “titration phase” and 5-week fixed
dose “maintenance phase”). During the 9-week treat-
ment phase, patients were required to attend two addi-
tional clinic visits at weeks 4 and 9 of the study (Visits 2
and 3, respectively). At the conclusion of the 9-week
treatment, patients had the option of remaining on their
current study medication (if on active treatment) or to be
tapered off. See Figure 2 for a visit schedule summary.

Patients

Patients with MS-induced NPP were recruited (May
2008 to July 2012) from the MS clinic at the Health
Sciences Centre (HSC) in Winnipeg, Manitoba, Can-
ada. Male and female patients with clinically definite
RRMS (as defined by 2005 McDonald criteria) [28] and
NPP (as diagnosed by a neurologist and a score of
�4 as per DN4 criteria) [29–31] were considered.
Inclusion criteria comprised age 18–65 years old;
Expanded Disability Status Scale (EDSS) score of <6.5
(i.e., not restricted to wheelchair); VASpain score for
NPP symptoms �50 (0 5 no pain, 100 5 worst pain
imaginable), with pain symptoms present for at least 3
months; and current NPP treatment with GBP that is
not effective at a stabilized dose of �1,800 mg daily
for at least 1 month. Patients were excluded based on
safety criteria associated with nabilone, which included
pregnancy or breastfeeding, history of alcohol or sub-
stance abuse, past or current nonpsychotic/psychotic
emotional disorders, significant renal or hepatic insuffi-
ciency, cardiovascular disease (i.e., heart failure, car-
diac arrhythmias) or uncontrolled hypertension,
hypersensitivity to nabilone or its derivatives, and cur-
rent reported use of CBs and/or related products.
Additionally, concomitant medications were reviewed
for drug interactions or therapeutic class duplications.
Finally, those with other possible confounding causes
of neuropathies (i.e., diabetes, HIV, etc.) were also
excluded from the study.

Randomization, Blinding, and Treatment

Randomization assignments were generated using a
preprogrammed computer software (Microsoft ExcelVR )
employing a random permuted blocks approach [32]. In
order to reduce the ability of investigators to predict
subsequent treatment assignments of eligible patients,
block sizes were also randomized with either two or
four patients per block. Randomization was completed
independently by pharmacists at the HSC pharmacy in
Winnipeg, Manitoba, Canada. Patients, study investiga-
tors, and treating physicians were blinded to the treat-
ment assignments for all participating patients.

Nabilone is available as an oral dosage formulation of
0.5 or 1 mg capsules. In order to minimize potential
side effects, the dose of this medication was increased
slowly over the course of the 4-week titration phase to
a final dose of 1 mg given twice a day, administered in
the morning and at bedtime. For complete titration
information, please see Table 1. Patients randomized to
receive placebo treatment were provided placebo cap-
sules identical in color, shape, and size to the nabilone
capsules provided. All study medications were pre-
pared by the HSC pharmacy and were provided in
medication vials labeled with the patient’s name, dos-
ing instructions, and a drug line indicating the capsule
strength of nabilone/placebo. There was no information
on the label to indicate which treatment patients were
receiving.
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To assess compliance, medication vials containing
unused medication were requested to be returned at
study Visits 2 and 3.

Assessments and Patient-Completed Questionnaires

Baseline Pretreatment Assessment

This baseline (Visit 1) physician-conducted assessment
included a physical exam, neurologic exam, and disabil-
ity assessment for EDSS assignment.

Visual Analog Scale: “Daily Pain Diary”

For the study duration (63 days), patients were
instructed to record their daily pain score upon waking
each morning in the Daily Pain Diary provided to them.

Assessed for eligibility (n=22)

Excluded (n=7)
♦ Not meeting inclusion criteria (n=5)
♦ Declined to participate (n=2)

Nabilone (n=8)

Randomized (n=15)

Placebo (n=7)

Visit 1 (time = 0 weeks) 
Baseline and Randomization (Physical/neurological exam, baseline EDSS)

Visit 2 (time = 4 weeks) 
Post-Titration Assessment (Adverse event checklist)

Drop-out (n=1)

Nabilone (n=7) Placebo (n=7)

Placebo (n=7)Nabilone (n=7)

Visit 3 (time = 9 weeks) 
Final Assessment (Adverse event checklist, PGIC, unblinding)

Titra�on Phase

Maintenance Phase

Daily

Pain

Diary

Entries

Figure 2 Flow diagram of participant treatment randomization results and visit schedules are presented.

EDSS 5 Expanded Disability Status Scale; PGIC 5 patient-rated global impression of change.

Table 1 Nabilone (placebo) titration schedule

Schedule Dosage

Day 1 0.5 mg/day at bedtime

Day 8 0.5 mg twice daily (morning and bedtime)

Day 15 0.5 mg morning and 1 mg bedtime

Day 21 1 mg morning and bedtime

Turcotte et al.
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The Daily Pain Diary was comprised of a vertical visual
analog scale (VAS) of 0 mm (no pain) to 100 mm (worst
pain imaginable), and patients were required to record
their daily pain score (intensity) over the previous 24
hours (“VASpain”). Daily VASpain recording was selected
as our primary outcome measure based on the recom-
mendations of IMMPACT clinical trial design guidelines
[33]. As NPP is often fluctuating in nature [17], daily fre-
quency of recording was selected in order to effectively
capture pain changes over time.

In addition to daily VASpain recording, patients were also
requested to record daily the impact of pain on their
daily activities over the previous 24-hour time period
(VASimpact). Using the same vertical VAS anchored this
time with 0 mm (no effect) to 100 mm (incapacitating),
patients recorded this outcome at the same time and in
the same manner as VASpain was recorded.

Patient-Rated Global Impression of Change

Participants were required to complete the patient-rated
global impression of change (PGIC) at Visit 3 of the trial.
This tool is used to assess overall patient-perceived
effect of treatment on their pain levels, self-evaluating
any pain changes since their enrollment in the study.
Patients were asked to rate overall pain status at Visit 3
compared with their pain at the start of the trial. Report-
ing options included: 1) very much improved; 2) much
improved; 3) minimally improved; 4) no change; 5) mini-
mally worse; 6) much worse; and 7) very much worse.
The PGIC is a validated tool for assessing patient-
perceived treatment outcomes [33,34].

Statistical Analysis

Study group differences in patient covariates were com-
pared descriptively at baseline. These group differences
were tested formally using either an independent t-test
(for continuous measures; patient age, EDSS, and base-
line pain) or a chi-squared test for categorical measures
(patient sex) and for continuous covariates with skewed
data (duration of pain, time since MS diagnosis). Data
exist at two levels (time and person), and as such hier-
archical modeling is an appropriate test to assess the
rate of (within-person) change in pain, differences in
pain across study groups collapsed across all times,
and most importantly, group 3 time interactions to
determine if the rate of change in pain differed signifi-
cantly by group [35]. Second-order time measures were
included to test for nonlinear group 3 pain interaction
trajectories. Across both groups combined, daily VAS
pain measures were not provided during 16% of follow-
up days. As per the recommendations of Rao et al. [36],
missing data were imputed separately for each study
group by calculating the midpoint of the average group
score of the preceding and following day, so as to not
bias results. All data analyses were conducted using R
Software (2013) [37].

Sample Size Calculation

Based on the planned statistical analyses procedures,
sample size has been verified based on the number of
proposed subjects (N 5 15) and the number of repeated
measures for each subject (N 5 63), for a combined total
of 945 data points for VASpain outcome. As per the ana-
lytical procedures outlined by Faul et al. [38], and assum-
ing that study group assignment (treatment vs placebo)
plus additional covariates (age, sex, baseline pain, base-
line EDSS, time with MS, and duration of pain prior to
enrollment in the study) will account for 20% of the out-
come variation (between a medium and large effect size;
f2 5 0.20), and also by setting alpha error and beta error
at 0.05 and 0.80, respectively, the required sample has
been estimated at 630 data points (or 10 patients), which
is well within the acceptable limit of 15 patients each with
63 repeated measures (945 data points).

Adverse Events

Nonserious adverse events were reported by the patient at
study Visits 2 and 3. At these visits, patients were required to
complete an “Adverse Event Checklist” containing a word
list of possible side effects. This checklist facilitated the pas-
sive collection of side effects by including both documented
side effects associated with nabilone and GBP as well as
unassociated adverse events, in random order.

Any adverse events of a more serious nature (e.g.,
causing significant patient distress, requiring medical
intervention) were documented on a standardized
Adverse Event Report Form.

Ethical Approval

This study was approved by the Biomedical Research
Ethics Board at the University of Manitoba in Winnipeg,
Manitoba, Canada. Protocol was designed as outlined in
Good Clinical Practice Guidelines. This study was regis-
tered with http://Clinicaltrials.gov (ID # NCT00480181).

Results

Patients

In total, 22 patients were screened for enrollment into the
clinical trial. Five did not meet eligibility requirements and
two were eligible but chose not to participate. Subse-
quently, 15 patients provided informed consent and were
recruited for this study. Fourteen patients completed the
entire 9-week duration of the study as per protocol. Specific
characteristics describing the patients who took part in the
study are provided in Table 2. Baseline patient characteris-
tics were compared between groups and no significant dif-
ferences were noted. Duration of pain (months) approached
significance (P 5 0.07) with median pain duration greater in
the placebo group. Results are summarized in Table 2.

No patients experienced MS relapse during their
involvement in the study. No additional medications
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were initiated by the patients or their physicians during
their participation in the trial.

Primary Outcome Measure and Patient Characteristics
Evaluation

The number of missed Daily Pain Diary entries by
patients was calculated by group and compared

(Table 2). Of a possible 441 Daily Pain Diary entries in
the placebo group, 96 entries were missing. In the nabi-
lone group, 58 of 504 entries were missing. The pla-
cebo group was found to have a significantly higher
number of missing entries than the nabilone treatment
group (P< 0.0001). These missing entries were
assumed to be missing at random. Before and after
adjustment for all covariates, hierarchical modeling

Table 2 Study patient characteristics

Total Nabilone Placebo P value

N 15 8 7

Demographic:

Age: mean (SD) 45.5 (10.84) 42.12 (11.20) 50.0 (8.48) 0.25

Sex: % female (x/N) 87 (13/15) 88 (7/8) 86 (6/7) 0.69

Clinical:

EDSS: mean (SD) 2.82 (0.77) 2.56 (0.77) 3.17 (1.07) 0.29

Baseline pain intensity: mean (SD) 77 (14.04) 79 (13.76) 74.33 (13.99) 0.54

Baseline pain impact: mean (SD) 59.85 (23.47) 63 (19.23) 54.8 (30.86) 0.61

Duration of existing pain (months): median (IQR) 54 (26.75–70) 41.5 (24–64.5) 62 (31–86) 0.07

Time since MS diagnosis (years): median (IQR) 6.5 (5–8.75) 5.5 (4.5–7.25) 8 (6.25–9) 0.46

Analysis:

% withdrawal from study 1/15 (7%) 1/8 (12.5%) 0/7 (0%) 0.48

% VASpain missing 154/945 (16%) 58/504 (12%) 96/441 (22%) <0.0001

Baseline characteristics—categorized as either “demographic” or “clinical”—are presented collectively for all patients combined

(N 5 15) as well as individually for nabilone (N 5 8) and placebo (N 5 7) patient groupings. Where appropriate, mean (or median,

if non-normal distribution) and SD are provided. “Analysis” subheading provides information on the number of patients who with-

drew prematurely from the study (“% withdrawal from study”) as well as the proportion of missed daily VASpain entries (“%VASpain

missing”) collectively and by group. P values have been provided to estimate equivalence of nabilone and placebo groups.

EDSS 5 Expanded Disability Status Scale; IQR 5 interquartile range; MS 5 multiple sclerosis; SD 5 standard deviation; VAS 5 vi-

sual analog scale.

Table 3 Multivariate analysis modeling results: VASpain and VASimpact

Unadjusted for Covariates Adjusted for Covariates

VASpain VASimpact VASpain VASimpact

RR RR RR (adj) RR (adj)

Group 12.88*** 9.80 5.16*** 6.25*

Day 0.33*** 0.15*** 0.36*** 0.15***

Group 3 day 0.76*** 0.42 0.76*** 0.42*

Group 3 day2 0.004* 0.004* 0.004*** 0.004***

Covariates

Age n/a n/a 0.45*** 0.46

Sex n/a n/a 8.35*** 3.33

EDSS n/a n/a 4.06*** 12.91***

Baseline VASpain n/a n/a 1.18*** n/a

Baseline VASimpact n/a n/a n/a 0.64***

Pain duration n/a n/a 3.98*** 1.73**

MS duration n/a n/a 5.27*** 6.69***

*** P < 0.001; ** P < 0.01; * P < 0.05.

RR 5 relative risk; RR(adj) 5 relative risk adjusted for covariates; EDSS 5 Expanded Disability Status Scale. Multivariate analy-

ses results for VASpain and VASimpact are presented, both as data unadjusted and adjusted for covariate effect.
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results demonstrated statistically significant group 3 time
interaction terms for each of VASpain (P<0.01) and
VASimpact (P<0.01) study outcomes (Table 3). For both
outcomes, trajectories of pain deviated significantly from
a linear trend and hence second-order time measures
were included in the interaction term. Based on these
results, adjusted group-specific pain trajectories are
reported in Figure 3 for each of VASpain and VASimpact.
This figure demonstrates that the rate of loss (i.e.,
reduction) in VASpain intensity was greater, on average,
in the nabilone vs placebo study group. This significant
difference was maintained during both the titration and
maintenance phases of the follow-up period. Con-
versely, the rate of reduction in VASimpact was greater
on average for the placebo group during the titration
phase of the follow-up period only.

In addition to the modeling results presented above,
comparison of the average final 10 days of both VASpain

and VASimpact was made between nabilone and placebo
groups. Average VASpain during the final 10 days of the
trial was significantly lower in the nabilone vs placebo
group (P<0.001); however, no significance was found
in this comparison for VASimpact (P 5 0.77) (data not
shown).

Secondary Outcome Measure

Patient-perceived benefit, evaluated using the PGIC at
the end of the trial, differed significantly (P< 0.05)
between the groups, favoring nabilone. Of the nabilone
study group, 100% of respondents noted an improve-
ment in their condition (responses 1–3 on rating scale),
whereas only 43% of the placebo group documented
any improvement.

Adverse Events and Attrition

The most commonly reported side effects among the
nabilone/GBP-treated patients were dizziness (62.5%)

followed by drowsiness and dry mouth (50%). In addi-
tion, the number of reported adverse events in the nabi-
lone/GBP group decreased by 27% from Visits 2 to Visit
3. One patient from the nabilone group withdrew early
(Day 17) from the study with the complaint of headache.
No serious adverse events were reported in either study
group.

Discussion

Combining analgesics to improve NPP management
outcomes is an essential strategy both for optimizing
pain relief through medication synergy and improving
tolerability through possible dose reductions of respec-
tive agents. To our knowledge, this is the first study to
examine analgesic effectiveness of GBP combined with
nabilone for use in RRMS-induced NPP. Our results
indicate that this combination is effective and well toler-
ated in this cohort.

Our study documented that the combination of nabilone
with GBP resulted in significant VASpain reduction com-
pared with placebo/GBP. Furthermore, patient-
perceived benefit (as evaluated with the PGIC) was sig-
nificantly higher in those treated with nabilone vs pla-
cebo, with 100% of nabilone patients citing some
improvement vs 43% of placebo (P< 0.05).

Although unique in its clinical evaluation for RRMS-
induced NPP, this analgesic combination has been
assessed with similar efficacy in peripheral NPP second-
ary to DPN [25,26]. Additionally, the analgesic value of
GBP alone for various chronic NPP states is well docu-
mented [13,18–20]. Nabilone has been found to be an
effective analgesic in other chronic pain states [24];
however, a recent head-to-head comparison of nabilone
and dihydrocodeine for chronic NPP found analgesia
nonsignificant [39]. Conflicting efficacy results like these
are not in isolation and are not limited to nabilone. Trials
evaluating multiple CB agents for MS-NPP have shown

Figure 3 Daily VASpain and VASimpact averages by study group (predicted). VAS 5 visual analog scale.
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equivocal results, suggesting possible ineffectiveness of
these medications [40]. It is important to note, however,
that contradictory findings in clinical trials can be due to
limitations in study design and may not be truly repre-
sentative of drug effects. For example, the broad inclu-
sion of many treatment outcomes, lack of homogenous
patient cohorts, and the absence of controlled dosage
escalation parameters are all factors observed in previ-
ous CB trials that could have contributed to inconsistent
results. Consensus guidelines were developed with the
intention of standardizing clinical pain trial design [33].
Our study aimed to adhere to these guidelines as strin-
gently as possible by promoting sample homogeneity
with strict inclusion/exclusion criteria, restricting out-
comes of interest to those related only to NPP and
adhering to a standardized dosing protocol.

Previous trials of CBs have cited significant medication
intolerance [24,26,39,41]. Our study demonstrated an
excellent tolerability profile of nabilone when combined
with GBP. Most frequently reported adverse events in
the nabilone/GBP group were drowsiness, dizziness,
and dry mouth, with report frequency decreasing over
time. This favorable tolerability is especially surprising in
our population of patients with RRMS who are often
plagued by comorbid disease-induced symptoms that
can compound drug-related adverse effects [17]. By
combining two analgesics, synergistic analgesia may
result in the ability to use lower doses of each agent
than with monotherapy. As a result, this combination
may be better tolerated than either nabilone or GBP
used alone at effective doses. Our study provides
insight into the therapeutic use of CBs in MS-induced
NPP, which may have been undervalued due to nega-
tive tolerability and efficacy findings from previous
studies.

Our study is not without limitations that could moderate
its applicability. A primary limitation is the sample size,
which was not powered to allow for inclusion of other
commonly used secondary outcomes measures, such
as the Short-Form McGill Pain Questionnaire (SF-MPQ)
and the Short-Form 36 Health Survey (SF-36; to evalu-
ate quality of life). As noted, a goal in designing this trial
was to maintain sample homogeneity as much as possi-
ble in order to improve the overall quality of our findings.
Our more stringent enrollment criteria meant that the
available sample from which to draw patients was signif-
icantly reduced. Realizing that our cohort would be lim-
ited, we optimized data collected by including daily
primary outcome measures. It is documented that NPP
symptoms can be highly fluctuating in severity day to
day [17] and therefore daily assessment is an excellent
method for capturing changing pain patterns. Other val-
uable pain assessment tools, including the SF-MPQ and
the SF-36, can be quite time-consuming to administer
and complete. As such, these tools are not apposite for
daily completion and are generally administered at
select time points during trials (i.e., baseline/completion).
Based on our study design, our Daily Pain Diary was
very easy to complete. Additionally, by incorporating

VASimpact, we attempted to add depth to the data col-
lected by not only evaluating pain intensity but also the
effect of pain on daily activities.

A second limitation is the possible unmasking of ran-
domization results. Nabilone can produce significant
CNS-related adverse effects. Individuals receiving nabi-
lone may have been inadvertently unblinded simply due
to the experience of adverse effects. Patients who per-
ceived to be receiving active treatment may have experi-
enced enhanced effects due to psychosomatic
contributions. This common occurrence is challenging
to overcome in trial design. Active placebo comparators
(APCs) are drugs used in place of traditional placebo
and are meant to mimic adverse effects of the active
study drug with no known effect on outcome measures.
APCs have been used in other analgesic clinical trials
[42,43] and could be considered in future trial design to
limit potential unmasking.

Additionally, it is important to note that no statistically
significant difference in VASimpact was found between
the two groups despite significant differences in pain
intensity. This lack of effect could be due to the fact
that the patient’s ability to evaluate “impact” of pain was
not as easy or obvious as rating the pain “intensity.”
This evaluative allowed more room for individual inter-
pretation, and wording may need to be revised for
future studies if it is to be included.

One final limitation in our study design was the use of
paper tracking for our Daily Pain Diaries. Recent studies
suggest that electronic pain tracking is more accurate
and improves overall study data quality and recording
compliance [44,45]. Although the ease of use both for
the patient and for the investigator is obvious, electronic
tracking represents a costly alternative, which would not
have been a possibility in this trial.

Despite these limitations, our study brings forth valuable
information regarding two major areas of therapeutics
research: mechanism-focused analgesia for NPP and
the potential therapeutic roles of CBs in MS. As our
knowledge of NPP mechanisms continues to expand, it
becomes increasingly evident that its complexity
requires treatment regimens that target these associ-
ated intricacies. Current guidelines recommend initial
management with monotherapy, and only after failure
with several agents would combination therapy be war-
ranted. Despite this, it is evident that monotherapeutic
treatment often results in only partial pain relief [17].
Additionally, research has provided insight into the
potential refractoriness of NPP if the synchronous
hyperexcitability of DH (dorsal horn) neurons is not
adequately controlled [46]. By treating neuronal excit-
ability effectively early on, neuronal “wind-up” can be
reduced, resulting in improved long-term outcomes [12].
By targeting multiple mechanistic causes of NPP simul-
taneously through appropriate combination therapy,
improved control of underlying excitability can be
achieved. An additional benefit to this strategy is the
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potential for improved therapeutic tolerability. A cooper-
ation of complementary mechanisms can result in the
ability to utilize lower doses of each agent than would
be possible with either alone. As noted in our study, this
can result in improved tolerability of medications for
which adverse effects can be a barrier.

Along with this information, our study also brings forth
insight regarding the use of CBs in MS. Therapeutic
potential of CB agents in MS is an exciting area of
research not only with respect to analgesia but also in
other important aspects of the disease. Various studies
have documented the effectiveness of CBs for the
symptomatic management of several disease-induced
manifestations, including spasticity, bladder dysfunction,
and sleep disturbances [27,47–49]. In addition, recent
research proposes exciting immunomodulatory benefits
of CBs that could potentially alter the underlying disease
processes and ultimate progression of MS [50–53]. Fur-
thermore, studies investigating cellular mechanisms of
pain have found key similarities in the pathogenesis of
NPP and the disease processes of MS itself [3,4]. As
CBs have been shown to have marked potential immu-
nomodulatory effects, they represent a novel treatment
option in MS by targeting not only the autoimmune dis-
ease process but also any associated NPP with shared
mechanisms. It is interesting, therefore, to ponder
whether NPP improvements secondary to CB use are
due to direct analgesic effects or through actual amelio-
ration of MS disease processes [54].

Despite potential benefits of CB agents in MS, their
putative value and subsequent incorporation into clinical
practice are limited by specific barriers. Due to direct
association with marijuana, a stigma can be attached to
their use by both patient and prescriber. Concern
regarding potential abuse and/or misuse of CB analge-
sics may hinder prescribing of these agents, when in
fact these concerns may be unfounded. Studies evalu-
ating the abuse potential of the dronabinol [55] and
nabilone [56] found very low abuse potential. Interest-
ingly, one ongoing clinical trial is evaluating the use of
nabilone for the amelioration of cannabis dependence in
adults who chronically use recreational cannabis [57],
which could further reinforce its low likelihood of abuse.
Additional studies evaluating abuse potential of CBs
when used as analgesics will be required to validate
safety and promote mainstream clinical use.

This study presents a novel combination for the man-
agement of RRMS-induced NPP. To the best of our
knowledge, this is the first study to evaluate the com-
bined use of nabilone and GBP in this patient popula-
tion, and therefore provides unique therapeutic
information. Currently, there is no cure for RRMS-
induced NPP and therefore our therapeutic goal is to
control pain symptoms to the best of our ability. Combi-
nation therapy, like the combination exploited here,
could result in improved clinical outcomes and an over-
all improvement in quality of life for those living with MS-
induced NPP. Our results indicate that nabilone as an

adjunctive to GBP is an effective, well-tolerated treat-
ment option for pain management in this population.
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