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Abstract: Background: Spasticity affects 54% of multiple sclerosis (MS) patients at disease onset, but
this rate gradually increases with disease progression. Spasticity does not fully respond to standard
treatment in one-third of the patients.

Objective: Our systematic review and meta-analysis assessed whether add-on nabiximols, can improve
MS-associated refractory spasticity.

Methods: The systematic literature search was performed in Web of Science, MEDLINE, Scopus, CEN-

TRAL, and Embase, on 15/10/2021, without restrictions. We included in the review blinded, randomized,

ARTICLE HISTORY placebo-controlled trials evaluating the efficacy of nabiximols in adult MS patients with refractory spas-

ticity, by comparison with placebo. The primary outcome was responder rate by spasticity numerical rat-
ing scale (NRS). Secondary outcomes were spasticity-related parameters. We used random effect models
to calculate odds ratios (OR) or mean differences and the corresponding 95% CI. Bias-factors were as-
sessed with Cochrane risk of bias tool (RoB2). (PROSPERO ID: CRD42021282177).

Results: We identified 9 eligible articles, of which 7 (1128 patients) were included in the meta-analysis.
The spasticity numerical rating scale (NRS) was significantly higher in the nabiximols group than in the
placebo group (OR 2.41 (95% CI 1.39; 4.18)). Secondary outcomes were in accordance with our primary
results. At least some concerns were detected in the risk of bias analysis.
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Conclusion: Our results indicate that nabiximols is efficient in MS associated spasticity, refractory to
standard treatment and it may be considered as add-on symptomatic therapy. Nevertheless, further studies
are needed to establish the optimal treatment protocol — dose, duration, moment of initiation, disease type.

Keywords: Nabiximols, THC/CBD, Sativex, multiple sclerosis, resistant spasticity, spasticity numerical rating scale, systemat-

ic review, meta-analysis.

1. INTRODUCTION

Multiple sclerosis (MS) is one of the most frequent dis-
orders of the central nervous system with a general preva-
lence of 35.9/100,000 people worldwide [1]. Spasticity is a
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common symptom of MS [1], affecting around 54% of pa-
tients at disease onset, and up to 87-91% of patients 20 years
after diagnosis [2]. Treatment-resistant spasticity affects one-
third of the patients with MS [3]. In a German survey, physi-
cians reported incomplete or lack of pharmacological treat-
ment response in one-fifth of the 252 cases treated with anti-
spastics, while for the severe forms this rate increased to
60% [4].
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Spasticity is most commonly evaluated by the treating
physician with the Ashworth Scale (AS), or its modified ver-
sion (mAS). They measure the resistance against passive
movement [5]. Although it is not a patient-reported outcome,
the results may still be influenced by the rater’s subjectivity
and it only measures one feature of spasticity [5]. At the
same time, a much wider range of symptoms can be associ-
ated with spasticity, including muscle spasms, pain, sleep
disturbances, fatigue, poor motor control, slowed movement,
and impaired bladder function, among others [5]. The nu-
merical rating scale (NRS) is a 0-10 self-reported parameter
similar to the visual analog scale (VAS), where 0 means no
spasticity and 10 means worst spasticity ever [5]. While sub-
jectivity may raise concerns, assessing the subject’s own
perception may be more appropriate for spasticity measure-
ment considering its complex clinical implications [5, 6].

The effectiveness of cannabinoids in the spasticity of vari-
ous causes has been investigated multiple times with contra-
dicting results [7, 8]. Nabiximols (trade name: Sativex”) is an
oromucosal spray containing a well-defined extract of Canna-
bis sativa L. (27 mg delta-9-tetrahydrocannabinol and 25 mg
cannabidiol per ml) [9]. Although nabiximols is marketed as a
medicine in several countries, like Austria, Australia, Great
Britain, Germany, Italy, and Spain, it is typically just the last
treatment option before intrathecal baclofen [10, 11].

The above-mentioned conflicting results raise the ques-
tion of whether nabiximols are effective against MS-related
refractory spasticity. Therefore, the aim of our systematic
review and meta-analysis was to investigate whether nabixi-
mols can improve the symptoms of MS-associated spasticity
refractory to standard treatment as an add-on agent.

2. MATERIALS AND METHODS
2.1. Search Strategy

To ensure the quality of our systematic review and meta-
analysis, Cochrane methodology recommendations and the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 statement have been followed [12,
13]. We registered the protocol for our analysis to PROS-
PERO (International prospective register of systematic re-
views) (CRD42021282177) and followed the protocol with-
out deviations.

We followed the “PICO-S” (i.e. population, intervention,
comparator, outcome, study design) approach for the formu-
lation of the clinical question and defining the eligibility
criteria. The population included adult patients (age > 18
years), diagnosed with MS, receiving adequate disease-
modifying and antispastic therapy, but with inadequate spas-
ticity response. The intervention was nabiximols as an add-
on treatment, while the comparator was a placebo as an add-
on treatment. The primary outcome was the spasticity re-
sponse rate. The secondary outcomes were the change of
spasticity and spasticity-related parameters, such as spastici-
ty NRS or VAS; mAS, timed 10-m walk, subject global im-
pression of change (SGIC), sleep disturbance, Barthel Index
for Activities of Daily Living (ADL) and quality of life. Re-
garding study design, only blinded, randomized, placebo-
controlled trials were eligible for analysis. Any other study
designs were deemed ineligible.
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The search was performed within the Web of Science,
MEDLINE (via PubMed), Scopus, Cochrane Central Regis-
ter of Controlled Trials (CENTRAL), and Embase databases
on the 15™ of October, 2021. The following search key was
used: (multiple sclerosis OR "disseminated sclerosis”" OR
"encephalomyelitis disseminata") AND (nabiximols OR Sa-
tivex); without filters or restrictions.

2.2. Selection

The selection was performed according to the above-
mentioned eligibility criteria using the Endnote 20 (Clarivate
Analytics, Philadelphia, PA, USA) software. Automatic and
manual duplicate removal of the records were performed
(DK). Two independent investigators (DK and ILH) per-
formed the selection in two phases: based on the title and ab-
stract, and subsequently on full-text contents. Cohen's kappa
coefficient (k) was calculated to evaluate inter-rater agreement
after each selection step. Significance levels are described in
Table S1a. Disagreements were resolved by a third independ-
ent investigator at each step of the selection (DCs and SB).
If the systematic search did not retrieve the trial protocol
for the identified eligible studies, we searched them in
https://clinicaltrials.gov/ and www.clinicaltrialsregister.eu
registries. If the protocols were not published, we contacted
the corresponding authors to check for their availability.

2.3. Data Collection

Data was extracted manually (DK) to a standardized Ex-
cel (Microsoft Corporation, Redmond, Washington, USA)
sheet and checked by an independent investigator (DG). The
following data were collected from each eligible article: pub-
lication details (authors, year of publication, country of
origin, Digital Object Identifier (DOI)); study characteristics
(study type, follow-up period, sample size); patients charac-
teristics (sex distribution, age, disease type, and stage); in-
formation about the intervention (dose, route of administra-
tion and duration of treatment); information about the out-
comes (spasticity response rate, spasticity level measured by
NRS or VAS; Barthel ADL, timed 10-m walk, quality of
life, the general impression of change, AS, mAS) as reported
in each of the eligible articles.

We used the Plot Digitizer if data was available in graph-
ical form only [14, 15]. In case of inconsistencies between
the data reported in the published article and the data report-
ed in the protocol registry, we extracted the data from the
peer-reviewed publication.

2.4. Statisctial Analysis

For NRS and SGIC responder rates the raw data from the
selected studies were pooled using random-effect models
with the Mantel-Haenszel method [16, 17]. To be able to
pool the results together, due to some measurement dissimi-
larities across the eligible studies (i.e. differing minimum,
maximum, or distance, in the case of the 25 ft walking test),
we had to recalculate some data. These are presented in the
supplementary material (Tables S1b-f).

In the case of continuous variables pooling mean change
differences (MD) necessitates the knowledge of the standard
deviation (SD) of within-group difference between time
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points or the correlation of within-group changes, however,
most studies reported neither. In these cases, we used the
sum of the reported before and after treatment group SDs as
a conservative (over) estimate of variability. The analysis of
SGIC responders was assessed in accordance with Table
S1g. Where possible we used the type of study design as an
explanatory variable (i.e. subgroups) to account for the in-
troduced heterogeneity. For all models, 12 was estimated
with the Paule-Mandel method [18], and the Q profile meth-
od for calculating the confidence interval of 12 [19]. A fun-
nel plot of the logarithm of effect size and comparison with
the standard error for each trial was used to evaluate publica-
tion bias. Statistical heterogeneity across trials was assessed
by means of the Cochrane Q test, and the 12 values [20]. 12
values of 25, 50, and 75% were identified as low, moderate,
and high estimates, respectively. Outlier and influence anal-
yses were carried out following the recommendations of
Harrer et al. [19] and Viechtbauer and Cheung [21].

All analyses were conducted in R version 4.1 [22] using
the following packages; tidyverse [23], meta [24], dmetar
[19] metafor [25].

2.5. Risk of Bias Assessment

The assessment of bias factors of the publications includ-
ed in our analysis was performed by 2 independent investiga-
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tors (DK and SB) using the Cochrane risk of bias tool
(RoB2) [26]. Five main domains were evaluated: randomiza-
tion process, deviations from intended interventions, missing
outcome data, measurement of the outcome, and selection of
the reported results [26]. The overall risk of bias could be
“Low”, “Some concerns” or “High”. Disagreements were
resolved by consensus.

2.6. Certainty of Evidence Assessment

The certainty in the body of evidence was evaluated by
the Grading of Recommendations, Assessment, Develop-
ment and Evaluations (GRADE) framework (DK, checked
by SB) [27, 28]. The level of evidence could be evaluated as
“High”, “Moderate”, “Low” or “Very low”. Each outcome
was rated on a 9-point scale as - “critical” (9-7); “important”
(6-4); or “not important” (3-1).

3. RESULTS
3.1. Study Characteristics

We found 14 reports eligible for our review, including
the registered trial protocols for 5 of the studies [29-33].
Nine articles (1510 patients) were included in the systematic
review and 7 (1135 patients) provided data for meta-analysis
[6, 34-39]. The selection process is detailed in Fig. (1).

[ Identification of studies via databases and registers ]

Records identified from:
Databases (n = 5)

(Full number of records = 2812):
* PubMed (n = 204)

Records removed before screening:

» Cochrane (Trials) (n = 89)
» Web of Science (n = 258)
» Scopus (n = 1676)
* Embase (n = 585)

Identification

A4

Duplicate records removed
(n =959)

I

Records screened

Records excluded (only human screening)

(n = 1853)

v

(n = 1819)

Agreement: 99.5%
v Cohen kappa: 0.86

Reports sought for retrieval

Reports not retrieved

A4

(n=0)

Screening

(n=234)
;

Reports assessed for eligibility

Reports excluded:

v

(n = 34)

Agreement: 94.1%
v Cohen kappa: 0.88

A

Reports included in review

(n=14)

From them:

« published peer-reviewed
papers (n = 9)

« corresponding clinical trial
registry records (n = 5)

Included

Reports included in the meta-
analysis (n =7)

—

* Unreported outcome. (n = 6)

* Ineligible study design. (n = 4)

+ Still recruiting. (n = 4)

* Not yet recruiting. (n = 2)

» No information about the primary
outcome. No peer reviewed article
published. (n = 2)

» Withdrawn study. (n = 1)

* Unknown recruitment status. (n = 1)

Fig. (1). Flow diagram of study identification and selection by PRISMA 2020.
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Table 1. Baseline characteristics of studies included in the review: Trial characteristics.
. Length of DB
Author Centers (Country) Study Design Phase (Weeks) Outcomes
ticity VAS, TW; mAS; sleep disturb VAS;
Wade et al. 2004 [34] 3 (UK) R, DB, PD, PC 6 Spasticity VAS, TW; mAS; slecp disturbance VAS;
Barthel ADL; SGIC
Collin et al. 2007 [6] 8 (UK); 4 (RO) R, DB, PD; PC 6 Spasticity responder rate; spasticity NRS; AS; SGIC
Aragona et al. 2009 [35] 1(IT) R, DB, PC, CO 2x3 TW; VAS QoL
Conte et al. 2009 [41] 1(IT) R, DB, PC, CO 2x3 Spasticity NRS; AS
Spasticity responder rate; spasticity NRS;
Collin et al. 2010 [36] 15 (UK); 8 (CR) R, DB, PD; PC 14 TW; mAS; sleep disturbance NRS; Barthel ADL;
EQ-5D & MSQoL-54
18 (UK): 11 (SP); 10 (PO); Spasticity resp(-)nder rate; spasticity NRS;
Novotna et al. 2011 [37] 8 (CR): 5 (IT) R; ED; PC 12 TW; mAS; sleep disturbance NRS; Barthel ADL;
’ SGIC; EQ-5D; SF-36
12 (UK); R); 5 (CA);
Langford et al. 2013 [40] (UK); 7 (CR); 5 (CA); R; DB; PD; PC 14 Spasticity NRS; sleep disturbance NRS; EQ-5D; SF-36
5 (SP); 4 (FR)
ticit der rate*; ticity NRS; TW; mAS;
Leocani ef al. 2015 [38] 1(IT) R; DB; PC; CO 2x4 Spasticity responder rate*; spasticity NRS; TW; mAS;
sleep disturbance NRS
Spasticity responder rate; spasticity NRS;
Markova et al. 2019 [39] 14 (CR); 1 (AU) R; ED; PC 12 TW; mAS; sleep disturbance NRS; Barthel ADL;
SGIC; SF-36

Note: Data provided here are the characteristics of double-blind phases. From trials with enriched study design we presented data from DB phases, exceptions are marked (c).
Countries: Austria (AU); Canada (CA); Czech Republic (CR); France (FR); Italy (IT); Poland (PO); Romania (RO); Spain (SP); United Kingdom (UK). Study design: cross-over
(CO); double-blind (DB); enriched design (consists of an SB and a DB phase) (ED); randomized (R), placebo-controlled (PC); parallel design (PD); single-blind (SB).

Outcomes: Activities of Daily Living (ADL); Ashworth scale (AS); modified Ashworth scale (mAS); Multiple Sclerosis Quality of Life-54 (MSQoL-54); quality of life (QoL); Sub-
ject's Global Impression of Change (SGIC); timed walking test (regardless of distance) (TW); visual analog scale (VAS); 36-Item Short Form Survey (SF-36).

Other: multiple sclerosis (MS); standard deviations (SD); standard error (SE). Note: *altered cut-off point (20% instead of 30%).

The mean duration of MS before study enrolment was
between 12.0 and 22.1 years. A common inclusion criterion
across the eligible studies was minimum 4-week stability of
the treatment and of the disease before recruitment. All but
one eligible study recruited patients with at least moderate
spasticity [40]. Although the study of Langford et al. (2013)
investigated the effect of nabiximols on pain in MS patients
[40], they also reported the results for spasticity response to
nabiximols, therefore we included them in our systematic
review. Study and patient characteristics are summarized in
Tables 1 and 2.

3.2. Primary Outcome

The results for the overall spasticity response rate and
subgroup analyses based on the study design are summarized
in Fig. (2). Spasticity response rate was significantly higher
in the nabiximols group by comparison with the placebo
group) OR 2.41; 95% CI 1.39-4.18; I’ = 68%; p = 0.01). In
the study of Leocani et al. (2015) the cut-off point for the
response was a 20% decrease in spasticity as evaluated by
NRS, and the treatment period was only 4 weeks [38].
Moreover, this was the only cross-over study that could be
included to this analysis. In the other studies, patients were
treated for at least 6 weeks and the response cut-off point
was at 30%. The effect was higher in the studies with en-
riched design than in the other studies [37, 39].

3.3. Secondary Outcomes

The efficacy of nabiximols indicated by the results for
the primary outcome was further supported by the differ-
ences in the NRS values between the intervention and con-
trol groups (Figs. 3a and b). Three articles reported on the
short-term effects of nabiximols (treatment duration < 4
weeks) [6, 38, 39], and 5 articles reported on the long-term
effects of nabiximols (treatment duration > 6 weeks) [6, 34,
36, 37, 39]. The decrease in spasticity was more prominent
after long-term treatment, and in both cases, the difference
between the intervention and the control group was statisti-
cally significant, yet of limited clinical relevance (for short-
term treatment: MD -0.80; 95% CI (-1.44)-(-0.16); I* = 45%;
p = 0.16; for long term treatment: MD -1.02; 95% CI (-1.73)
—(-0.31); I =81%; p < 0.01).

In accordance with the results for the primary outcome,
the 10-m timed walk was improved by nabiximols. The
mean difference by comparison with placebo was -1.48 (95%
CI (-2.64) —(-0.33); I* = 7%; p = 0.37) (Fig. 4).

On the other hand, in the case of mAS the change was
not statistically significant (MD -0.28; 95% CI (-0.70) —0.14;
I> = 31%; p = 0.23) (Fig. 5).

The effect on sleep disturbance was calculated based on 5
studies and revealed a significant beneficial effect of nabix-
imols (MD -0.72; 95% CI (-1.25) —(-0.19); I* = 63%; p =
0.03) (Fig. 6).



Nabiximols as Treatment for Multiple Sclerosis Spasticity Current Neuropharmacology, 2023, Vol. 21, No. 12 2509

Table 2. Baseline characteristics of studies included in the review: Patient characteristics.

C . Number of | Sex (Female | Age (Years; Duration of Baseline Spasticity General !)ally Disease
Author Medication | b/ conts | % of Total) | Mean D) | WS (Yearss | ypo (Mean+Sp) | /Actuation Phenotype (%)
° Mean + SD) (Mean = SD) ype (7o
Wade ef al. 2004 Sativex” 80 58.8 51.0+9.4 no data no data 14.6 + 1.4¢
’ no data
(34] Placebo 80 65.0 50.4+93 no data no data 234+ 18
Collin et al. 2007 | Sativex” 124 60.3 4974102 | 13.6+8.6 5.49 94+64
: no data
(6] Placebo 65 523 478+95 | 122+77 5.39 147484
Aragona et al Sativex” 17° 64.7 498 + 6.6 20.8+8.4 no data 152+4.5
- 100% SPMS
2009 [35] Placebo 17° 64.7 498+66 | 208+84 no data 82+3.15
Conte et al. 2009 | Sativex® 18° 66.7 51.1+53 | 222+89 no data 8.0° (2.7-12.5)'
. 100% SPMS
[41] Placebo 18° 66.7 51.1+53 | 222+89 no data 15.7° (6.7-26)"
Collin et al. 2010 | Sativex” 167 63.5 4804106 | 14.4+83 6.77+0.10° 8.5 (1-22)f
. - no data
[36] Placebo 170 59.4 471492 | 160£85 6.48 £ 0.10° 15.4 (2-23)"
e 6.9+ 1.8
Sativex® 124 58.1 49.1+9.1 133483
N‘;‘(’)Olti‘?;;]“[ : 6.91 = 1.25° 8324 no data
Placebo 117 62.4 481496 | 11.8+7.4 89+24
Langford et al Sativex® 167 67.7 4844104 | 11.4%80 not defined 8.8+39 12% PPMS; 40%
. . 0, .
2013 [40] Placebo 172 68.0 4954105 | 12.5+85 not defined 111446 R
- - - 58 14, 2% PRMS
L ® b
Leocani e al. | Sativex 34 44.1 4847 173+8.4 71414 7+3 100% PPMS or
2015 [38] Placebo 340 44.1 487 173+8.4 71+ 1.4 10+3 SPMS
e 191¢; 7.7 +3.05 .
. Sativex" ’ > 11% PPMS®; 48%
M";é‘fg"?;g’]"‘ 53 70.2° 5134102° | 142484 644128 7327 SPMS'; 41%
Placebo 53 8.5+3.0 RRMS

Note: Data provided here are the characteristics of double-blind phases. From trials with enriched study design we presented data from DB phases, exceptions are marked (c).

The phenotype of MS: primary progressive MS (PPMS); progressive relapsing MS (PRMS); relapsing-remitting MS (RRMS); secondary progressive MS (SPMS).

Other: multiple sclerosis (MS); standard deviations (SD); standard error (SE). a: does not clarify whether it was identical; b: cross-over design; c: data from enriched design study's
SB phase; d: SE was given instead of SD; e: median; f: range.

Experimental Control Spasticity NRS
Study Events Total Events Total responder rate OR 95%-Cl Weight
Parallel, standard study design
Collin et al. 2010. 51 166 42 169 Bl 1.34 [0.83; 2.17] 24.4%
Collin et al. 2007. 48 120 14 64 — . 2.38 [1.19; 4.78] 20.3%
Random effects model 99 286 56 233 — 1.69 [0.97; 2.93] 44.7%

Heterogeneity: 12=44% , p =0.18

Parallel, enriched study design

Novotna et al. 2011. 92 124 60 117 - 273 [1.59; 469] 23.2%
Markova et al. 2019. 41 53 17 53 L —=—7.24 [3.05;17.17] 17.2%
Random effects model 133 177 77 170 ———— 4.18 [1.62;10.79] 40.5%

Heterogeneity: ?=71% [0%; 94%] , p =0.06

Cross-over, standard study design

Leocani et al. 2015. 13 34 10 34 1.49 [0.54; 4.08] 14.9%
Random effects model 245 497 143 437 - 2.41 [1.39; 4.18] 100.0%
Prediction interval [0.38; 15.45]
Heterogeneity: 12 = 68% [18%; 88%] , p = 0.01 ! ' ' '

Test for overall effect:  z = 3.14 (p <0.01) 0.1 05 1 2 10

Test for subgroup differences: xg =3.03,df=2 (p=0.22) Favors Favors

placebo nabiximols

Fig. (2). Nabiximols alleviates multiple sclerosis associated spasticity more effectively than placebo in terms of responder rates. Treatment
responders (events) are the number of patients with clinically relevant alleviation in spasticity, defined in spasticity numerical rating scale.
Response was defined as a 30% reduction in NRS at measurement moment in all studies except Leocani et al. that considered a 20% decrease
of NRS as response. Abbreviations: Confidence interval (CI); numerical rating scale (NRS); odds ratio (OR). (4 higher resolution/colour
version of this figure is available in the electronic copy of the article).
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a) Short-term effects (treatment duration < 4 weeks)

Experimental Control Spasticity
Study Total Mean SD Total Mean SD NRS change MD 95%-Cl Weight
Markova et al. 2019 53 -3.04 2.8236 53 -1.51 1.9773 = -1.53 [-2.46;-0.60] 29.1%
Collin et al. 2007 120 -1.25 1.8554 64 -0.64 1.7278 L -0.61 [-1.15;-0.08] 48.9%
Leocani et al. 2015 34 -0.18 2.2294 34 0.08 2.5830 —&— -0.26 [-1.41; 0.88] 22.0%
Random effects model 207 151 < -0.80 [-1.44; -0.16] 100.0%
Prediction interval [-7.16; 5.56]
Heterogeneity: 1% = 45% [0%; 84%] , p = 0.16 ForT T
Test for overall effect: z =-2.45 (p =0.01) 6 4 -2 0 2 4 6
Favors Favors
nabiximols placebo

b) Long-term effects (treatment duration 2 6 weeks)

Experimental Control Spasticity
Study Total Total NRS change MD 95%-Cl Weight
Parallel, standard study design
Wade et al 2004 19 18 — -2.28 [-3.55;-1.01] 13.8%
Collin et al. 2007 120 64 - | -0.52  [-1.03; -0.01] 21.9%
Collin et al. 2010 166 169 . -0.23  [-0.60; 0.13] 23.3%
Random effects model 305 251 e -0.86 [-1.96; 0.23] 59.0%

Heterogeneity: 12=79% , p <0.01

Parallel, enriched study design

Markova et al. 2019 53 53 — -1.90 [-2.74;-1.06] 18.4%
Novotna et al. 2011 124 117 - -0.84  [-1.28;-0.39] 22.6%
Random effects model 177 170 _ -1.31  [-2.34; -0.28] 41.0%

Heterogeneity: 12=79% , p =0.03

Random effects model 482 421 _— -1.02 [-1.73; -0.31] 100.0%
Prediction interval [-3.61; 1.56]
Heterogeneity: /2=81% , p <0.01 [ l l l l l

Test for overall effect:  z =-2.82 (p <0.01) 832 A 0 1 2 3

Test for subgroup differences: x%= 0.33,df=1 (p =0.56 )
Favors nabiximols Favors placebo

Fig. (3a and b). Nabiximols significantly alleviates the severity of multiple sclerosis associated spasticity as measured by numerical rating
scale -both after a short-term (a) and a long-term (b) treatment - by comparison with placebo. Short term treatment’s duration was less than 4
weeks (a), long term treatments were administered for 6 weeks to 16 weeks (b). Abbreviations: Confidence interval (CI); mean difference
(MD); numerical rating scale (NRS). (4 higher resolution/colour version of this figure is available in the electronic copy of the article).

Experimental Control Change in timed 10-m
Study Total Total walking test [s] MD [s] 95%-Cl Weight
Parallel, standard study design
Wade et al 2004 38 47 -2.35 [-5.16; 0.46] 13.4%
Collin et al. 2010 115 120 — - 0.00 [-1.50; 1.50] 31.0%
Random effects model 153 167 _ -0.86 [-3.08; 1.36] 44.4%

Heterogeneity: 12 =52% [0%; 88%] , p =0.15

Cross-over, standard study design

Leocani et al. 2015 34 34 -2.09 [-4.05;-0.12] 22.6%
Aragona et al. 2009 17 17 -1.44 [-6.99; 4.10] 4.1%
Random effects model 51 51 _ -2.01 [-3.86; -0.16] 26.6%

Heterogeneity: 12 =0% ,p =083

Parallel, enriched study design

Novotna et al. 2011 84 83 -3.34 [-6.94; 0.27] 8.9%
Markova et al. 2019 53 53 — -1.70 [-3.84; 0.44] 20.1%
Random effects model 137 136 _ -2.13 [-3.97; -0.29] 29.0%
Heterogeneity: 12 =0% ,p =044

Random effects model 341 354 - -1.48 [-2.64; -0.33] 100.0%
Prediction interval —_— [-4.09; 1.12]
Heterogeneity: 12 =7% [0%; 77%] , p = 0.37 T T

Test for overall effect: z=-252 (p=0.01) 6 -4 -2 0 2 4 6

Test for subgroup differences: x§ =0.85,df=2 (p=0.65) Favors Favors

nabiximols placebo

Fig. (4). Nabiximols improve gait, measured by 10-m timed walking test by comparison with placebo in multiple sclerosis patients with spas-
ticity refractory to standard treatment. Abbreviations: Confidence interval (CI); mean difference (MD); seconds (s). (4 higher resolu-
tion/colour version of this figure is available in the electronic copy of the article).
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Experimental Control
Study Total Total
Novotna et al. 2011 121 116
Markova et al. 2019 53 53
Collin et al. 2010 156 160
Wade et al. 2004 73 70
Random effects model 403 399

Prediction interval
Heterogeneity: ?=31% [0%; 75%], p = 0.23
Test for overall effect: z =-1.31 (p = 0.19)

Favors nabiximols
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Change in mAS MD 95%-Cl Weight

4 -1.75
-0.38
-0.16
0.22

[-3.80; 0.30] 4.0%
[-0.61;-0.16] 66.5%
[-1.93; 1.61] 5.3%
[-0.50; 0.94] 24.2%

-0.28 [-0.70; 0.14] 100.0%

[-1.66; 1.10]

832101 2 3

Favors placebo

Fig. (5). There was a tendency for improvement in the modified Ashworth scale in patients with multiple sclerosis, treated with nabiximols by
comparison with placebo. Abbreviations: Confidence interval (CI); modified Ashworth scale (mAS); mean difference (MD). (4 higher reso-
lution/colour version of this figure is available in the electronic copy of the article).

Experimental Control Change in sleep

Study Total Total disturbance NRS MD 95%-Cl Weight
Markova et al. 2019 53 53 —'—\ -1.43 [-2.23;-0.63] 19.7%
Novotna et al. 2011 124 117 -0.88 [-1.25;-0.51] 30.4%
Wade et al. 2004 79 77 i -0.71 [-1.41;-0.01] 22.0%
Collin et al. 2010 124 139 -0.07 [-0.54; 0411 27.7%
Leocani et al. 2015 34 34 0.95 [-12.34; 14.24] 0.2%
Random effects model 414 420 -0.72 [-1.25;-0.19] 100.0%
Prediction interval [ -2.40; 0.96]
Heterogeneity: 12 = 63% [3%; 86%)] , p = 0.03 ' ' '

Test for overall effect: z = -2.67 (p <0.01)

-10
Favors nabiximols

-5 0 5 10
Favors placebo

Fig. (6). Sleep disturbance was ameliorated by nabiximols in patients with multiple sclerosis, treated with nabiximols by comparison with
placebo. Abbreviations: Confidence interval (CI); mean difference (MD); numerical rating scale (NRS). (4 higher resolution/colour version

of this figure is available in the electronic copy of the article).

Experimental Control Change in score of

Study Total Total Barthel ADL MD 95%-Cl Weight
Wade et al 2007 78 77 —'—f’ -0.47 [-1.01;0.07] 19.1%
Markova et al. 2019 53 53 L -0.07 [-0.46;0.32] 24.6%
Collin et al. 2010 162 165 —a -0.03 [-0.39;0.33] 25.6%
Novotna et al. 2011 . - 0.41 [0.19;0.63] 30.7%
Random effects model 293 295 0.01 [-0.34; 0.36] 100.0%
Prediction interval T [-1.50; 1.52]
Heterogeneity: 12 = 76% [34%; 91%] , p < 0.01 ' T T

Test for overall effect:  z = 0.06 (p =0.95) 15 -1 05 0 05 1 15

Favors placebo

Favors nabiximols

Fig. (7). There was no significant difference between the nabiximols and the placebo groups in Barthel ADL in patients with multiple sclero-
sis. Abbreviations: Activities of daily living (ADL); confidence interval (CI); mean difference (MD); numerical rating scale (NRS). (4 high-
er resolution/colour version of this figure is available in the electronic copy of the article).

The Barthel ADL scores also did not differ significantly
between the groups (MD 0.01; 95% CI (-0.34) —0.36; I* =
76%, p < 0.01) (Fig. 7).

Nabiximols showed a significantly higher response rate
in the case of SGIC as well, when compared to placebo [OR
1.72; 95% CI 1.21-2.46; I* = 0%; p = 0.70) (Fig. 8).

Because of the differing baseline characteristics of the
patients in the study of Novotna et al. (2011) we performed
additional analyses by excluding their data for all the corre-
sponding outcomes and obtained similar results [37] (Figs.
S1-S5).

3.4. Qualitative Synthesis

Some of the eligible studies reported data we could not
include in our meta-analyses due to a lack of data dispersion
reporting while the AS was reported in only 2 studies. From
the collected spasticity NRS, AS, and mAS we have found
no further statistically significant differences.

Quality of life parameters were reported in 5 studies (1055
patients) (Table S2). Due to the differing measurement scales
and the lack of data dispersion reporting we could not perform
a meta-analysis for this outcome. Results were mixed, and the
difference between the groups was not significant. The two
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Experimental Control

Study Events Total Events Total
Collin et al. 2007 26 116 1 64
Novotna et al. 2011 54 121 38 117
Wade et al. 2004 32 79 21 77
Markova et al. 2019 8 51 2 46
Random effects model 120 367 72 304
Prediction interval

Heterogeneity: 12 =0% ,p =070

Test for overall effect: z =298 (p<0.01)

Kleiner et al.

SGIC responder rate OR 95%-Cl Weight
—— 139 [0.64; 3.04]  20.9%
- 1.68 [0.99; 2.84] 46.0%
T 1.82 [0.93; 3.56] 28.2%
*§—+—4.09 [0.82; 20.38] 5.0%
S 1.72 [1.21; 2.46] 100.0%

‘ _— | [0.79; 3.78]

0.1 05 1 2 10

Favors placebo

Favors nabiximols

Fig. (8). The SGIC was significantly improved in the nabiximols group compared to placebo group with multiple sclerosis. Abbreviations:
Confidence interval (Cl); mean difference (MD); subject global impression of change (SGIC). (4 higher resolution/colour version of this

figure is available in the electronic copy of the article).

exceptions were the SF-36 social functioning domain in
Langford et al. (2013) [40], when placebo led to significantly
better results than nabiximols, and SF-36, bodily pain do-
main in Markova et al. (2019) [39], when nabiximols per-
formed better.

3.5. Risk of Bias Assessment and Quality of Evidence

In our review, we could not find any article with a low
overall bias risk. Most frequently data about allocation se-
quence concealment was missing. Moreover, there were dis-
crepancies between the peer-reviewed published data and the
data reported in the trial protocol registries regarding the
number of participants and the results (Figs. S6a-h and S7).

The level of evidence for our findings varied from mod-
erate to low and very low. Besides the often high risk of bias
we identified in the eligible studies, other reasons for down-
grading were inconsistency, indirectness, and imprecision
(results available in Table S3). The level of evidence was
moderate for the results on spasticity responder rate and the
alleviation of spasticity NRS in the long-term treatment sub-
group, low for the short-term treatment subgroup alleviation
of spasticity NRS, and very low for all other parameters.
Publication bias was not evaluated, because of the low num-
ber of available articles.

4. DISCUSSION

The therapy of MS-related spasticity relies on the use of
baclofen, tizanidine, and to lesser extent gabapentin, dantro-
lene and benzodiazepines [11]. In countries, where nabixi-
mols are already accepted in the treatment of MS-related
resistant spasticity the guidelines recommend switching be-
tween symptomatic treatment lines in case of no clinical re-
sponse, meanwhile, the definition of inefficiency is not
enough detailed and can slow down the add-on of nabiximols
[11]. Moreover, it is not surprising that in countries without
acceptance it is still a question whether nabiximols are effec-
tive — or not, even if it is a widely confirmed treatment op-
tion [11, 42]. Tt is also unclear how nabiximols work against
spasticity. Mechanisms proposed include modulation of glu-
taminergic and endocannabinoid transmission [43].

In our meta-analysis, we confirmed the efficacy of nabix-
imols as an add-on agent in the symptomatic management of
MS-associated, treatment-resistant spasticity. This improve-

ment can be confirmed by the further ease of other spasticity-
associated symptoms including - gait-control, sleep disturb-
ance, and a global feeling of improvement.

For the primary outcome, a notable point should be high-
lighted. In the analysis of spasticity NRS responder rates, we
performed our meta-analysis with the inclusion of a 4-week-
long study [38]. As it has been mentioned, at least a 20%
reduction in the NRS score was the cut-off point for re-
sponders in this study, meanwhile, a 30% decrease is accept-
ed in every other included article. This difference presuma-
bly did not distort the results, because it has been already
proven by Collin ef al. (2010) that patients [36], who achieve
a 20% decrease in the first 4 weeks, have a high chance to
reach the threshold of 30% in the further period. On the other
hand, around 63% of patients would respond to a nabiximols
treatment. This correlates well with a report on the Italian
multicenter dataset, the SA.FE (SAtivex efFEcts) study [44].
From the 1615 enrolled patients, 1010 (i.e. 63%) achieved a
20% decrease after one month of nabiximols treatment, with
no respect to drop-out.

In accordance with the responder rate, the level of spas-
ticity as evaluated by the NRS, significantly improved in
short-term and long-term treatments as well. While generally
a unit change can be expected, in practice the outcomes
maybe even better. This scenario is best modelled by the
enriched study design protocols when essential non-
responders are excluded, and patients may achieve a spastici-
ty NRS around 4.1-5.8 from an initial scale of 5.4-7.1 by our
results. This decrease of 18-24% is in line with the results of
the observational studies from the last decade. In the German
MOVE (Mobility Improvement (MObilitidtsVErbesserung))
2 study [45], after three months of treatment, a 25% mean
decrease in NRS was reported in 75 patients. The MOVE 2
EU multicentric study utilized the same protocol, but patients
were recruited from Italy, Norway and Denmark [46]. Simi-
larly, the mean decrease in spasticity NRS was 22% in 265
patients. The spasticity NRS decrease was available in only
22% and 61% of the cases, respectively.

The effectivity of nabiximols is further underlined by the
significant improvement in the spasticity-related parameters,
the results of the 10-m walking test, and sleep disturbance.
To a lesser extent, mAS values are also in accordance with
the primary results, but similarly to a previous meta-analysis
[7], a significant improvement could not be detected.
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However, in terms of the Barthel ADL score, patients
treated with nabiximols showed no significant changes or in
some cases even worsening. This can be explained in a
broader sense by the pathomechanism of spasticity and the
aspecific nature of this test method. The Barthel ADL as-
sesses the feasibility of daily routine activities, and the func-
tional independence of the patient and is therefore a non-
specific measure of spasticity. Since the performance of the
activities requires dynamic interaction of basic neuronal
functional systems (vestibular, somatosensory, motor and
autonomic), the Barthel Index cannot be adapted exclusively
to the assessment of spasticity. The development of spastici-
ty is due to a primary central nervous system motor deficit,
i.e. motor dysfunction in patients with spasticity greatly
modifies the overall Barthel Index score [47]. Another par-
ticular point in the Barthel ADL is while it measures aspects
of functional independence, the index calculation may differ
across the studies (Table S1f). The results of Novotna et al.
(2011) increased the risk of bias for Barthel ADL since they
were highly different from the others and no clear definition
of the scaling was provided [37].

While Barthel ADL may rise attention to side effects,
significant improvement in the SGIC highlights the overall
beneficial effect of nabiximols which were also reported as
generally well tolerated by the patients in all the identified
studies.

Data about quality of life were scarce and very heteroge-
neous. Most of the studies reported little impact of nabixi-
mols on quality of life parameters, probably because of the
other MS symptoms that were not ameliorated by nabiximols
as emphasized by Markova et al. (2019) [39].

Overall, the favorable effects of nabiximols on spasticity
and, in some cases, spasticity-related measures are proven,
implying that improvements are statistically and clinically
significant.

4.1. Strength and Limitations

The most prominent strength of our study is that the re-
sults are based on randomized, double-blinded studies hence
summarizing the highest level of evidence. Blinding is espe-
cially important in patient-reported parameters like NRS,
because patient’s beliefs can distort the results. Another ad-
vantage of our meta-analysis is the robust methodology. It
should be also mentioned that this study is the most recent
meta-analysis in the topic.

On the other hand, there are several limitations. While for
some of the outcomes the estimated heterogeneity was low,
the results should be interpreted cautiously, because of the
low number of available studies.

The different study designs contribute to the heterogenei-
ty since enriched study design and cross-over study protocols
have an impact on the outcomes. The treatment duration also
markedly differed spanning from 3 to 14 weeks. On the other
hand, this may have only a low impact on our findings, be-
cause the most prominent changes in MS-related spasticity
and pain are present in the first 3-4 weeks [6, 36, 37, 39, 40].
Moreover, similar effects could be observed in the analysis
of short-term and long-term studies by us as well.
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Another limitation was the need to re-calculate the results
for some of the reported outcomes to be able to perform a
pooled analysis. We would like to highlight the risk of bias
analysis results as well. All data were from articles that
posed at least some concerns. Moreover, all studies were
sponsored by the producer/distributor of Sativex”.

4.2. Implications for Research and Clinical Practice

Despite the numerous limitations of the study, nabixi-
mols have a clear effect on resistant MS spasticity, therefore,
it can be a relevant treatment option in this clinical scenario.

However, it is still a question, of how it should be im-
plemented, and what is the best target population. In this
regard, Caroteuto and coworkers (2020) already noticed [48]
that nabiximols may have a better effect if the treatment is
started early during the disease course. Furthermore, the ef-
fect of the drug may also differ depending on the phenotype
of MS.

Lastly, well-designed comparisons with other antispastic
agents are scarce, especially with enriched study design,
therefore the sequence of antispastic therapies needs investi-
gation.

CONCLUSION

Our meta-analysis underlines that nabiximols alleviate
MS-associated spasticity when administered as an add-on in
patients not responding well to standard treatment. On the
other hand, the side effects and limitations of our study (e.g.
different study designs, high heterogeneity, risks of bias)
should not be underestimated.

Future studies will be necessary to define the optimal
population.
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