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ABSTRACT

Spasticity is a frequent multifactorial manifestation of multiple sclerosis, affecting mostly the chronic
courses of the disease. Its impact on patient functioning and quality of life is profound. Treatment of
spasticity includes oral and intrathecal anti-spastic drugs, muscle injections with relaxant agents, physical
therapy, electrical and magnetic stimulation, peripheral nerve stimulation, alone or in variable
combinations. This Italian Consensus on the treatment of spasticity in MS was produced by a large group
of Italian MS experts in collaboration with neurophysiologists, experts in the production of guidelines, and
patients representative operating under the umbrella of the Italian Neurological Society, the Associazione
Italiana Sclerosi Multipla and the European Charcot Foundation. This guideline was developed in
accordance with the GRADE approach. A total of 11 questions were formulated following the PICO
framework. Controlled studies only were included in the analysis.

Despite some consistent limitations due to the poor methodological quality of most studies, there was a
consensus on a strong recommendation for the use of intrathecal baclofen, oromucosal spray of
nabiximols and intramuscular injection of botulinum toxin. The level of recommendation was weak for

oral baclofen, tizanidine, gabapentin, benzodiazepimes and transcranial magnetic stimulation.
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There is a clear need for new larger multicenter well-designed clinical trials with a duration that allow to

evaluate the persistence of the effects and the long term safety of the interventions.

INTRODUCTION

Spasticity is a very frequent and disabling manifestation of multiple sclerosis (MS), affecting about 60% of
patients [1] and almost all patients in the progressive course of the disease. The clinical manifestations of
spasticity can show some variability: the most common findings are muscle stiffness, co-contraction,
spasms and pain. Spasticity may undergo sudden exacerbations due to infections, noxious stimuli and
emotions [2]. The impact on patient functioning and quality of life is profound [3] mobility can be
dramatically limited, as well as sleep quality.

Spasticity is assessed using appropriate semi-quantitative scales, such as the Ashworth Scale (AS), the
modified Ashworth Scale (MAS) and the Tardieu Scale based on the degree of resistance to passive
movement of different body segments as perceived by the examiner[4] or by neurophysiological
investigations, such as the H-reflex and the Wartenberg Pendulum tests[5] mostly used in research.
Patient-reported outcomes, such as Numerical Rating Scale (NRS), Visual Analogue Scale (VAS)and the
Multiple Sclerosis Spasticity Scale (MSSS-88) are largely used both in clinical trials and in clinical
practice[6], because of the poor responsiveness of AS and MAS and the complex manifestations of
spasticity. They have some limitations because it is quite hard for the patient to recognize the
contribution of spasticity among the different variables influencing motor abilities.

Reviews and consensus papers have been already produced on treatment of spasticity in MS [7-11],
however an up-to-date study that includes pharmacological and non-pharmacological interventions is still
lacking. This Italian Consensus on the treatment of spasticity in MS was produced by a large group of
Italian MS experts in collaboration with neurophysiologists, experts in the production of guidelines, and
patients’ representative operating under the umbrella of the Italian Neurological Society, the Associazione
Italiana Sclerosi Multipla and the European Charcot Foundation. The aim was to produce a rigorous full
systematic review based on the GRADE analysis in order to formulate final recommendations based on
the quality of evidence and the balance between advantages and disadvantages of the interventions. In

this Consensus we did not evaluate physical therapy.

Methods (search strategy and consensus)
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This guideline was developed in accordance with the GRADE (Grading of Recommendations Assessment,
Development and Evaluation) Working Group [12]. A large multidisciplinary working group chaired by GC
and integrated by neurologists, methodologists and patients representatives was established. For
operational purposes, the group was articulated into 3 working groups: 1) Assessment, coordinated by LL,
2) Interventional, coordinated by DC and 3) Methodological, coordinated by AS. During preliminary
meetings the guideline working group defined the scope of the document, establishing the aspects to be
covered and the specific methodology to be used to reach consensus, as well as the general work plan

and the distribution of tasks.

A total of 11 questions were formulated following the PICO framework (patients, intervention,
comparator, outcome) (see table 1) and an explicit list of outcomes for each question was proposed by
the assessment group. Given the complexity and heterogeneity of the outcomes used to assess the
efficacy and effectiveness of the spasticity interventions, a specific literature search on the topic was
conducted. The assessment group analyzed the outcomes used in the literature and produced a list of
outcomes that were graded within this working group, according to their relevance from a clinical
perspective, using a nine-point Likert scale. Only outcomes graded as critical or important were included

in the PICO questions and considered in the evidence analysis[13] (table 2).

A systematic literature search was conducted for each of the PICO questions in the Medical Literature
Analysis and Retrieval System Online (MEDLINE), following a predefined review protocol and in line with
the preferred reporting items for systematic reviews and meta-analysis (PRISMA) statement [14]. The
search included studies performed from January 15t 2007 until August 16t 2017. The relevant literature
published prior to 2007 was obtained from two high quality systematic reviews [10, 11]. All results were
reviewed by two independent reviewers according to the inclusion/exclusion criteria specified in table 3.
Since the search was limited to MEDLINE, the only duplicates were between searches, with some studies

relevant to multiple searches. Records meeting the inclusion criteria were retrieved for full text review.

The scientific evidence for spasticity interventions was evaluated using the GRADE approach to assess the
quality of evidence for each outcome across studies taking into account the following items: study design,
risk of bias, inconsistency, indirectness and imprecision[13].This transparent and structured process was
translated into the Evidence Profile and Summary of Findings tables in which the evidence for each
outcome across all studies for each PICO question is categorized into “very low”, “low”, “high” and “very

high” quality and serves as the basis to formulate the clinical recommendations.
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The modality how the Consensus was produced was based on the opinion of experts and patients. All
participants had to read the papers and were exposed to the results of the GRADE analysis. For each of
the question participants were asked to judge if there was evidence for the efficacy of the specific
interventions. There were 2 possibilities only: yes or no. An agreement required at least 80% of votes in
the same direction (yes or no). Then we moved to the recommendations. There were 3 different levels of
recommendations: no, weak and strong. Again to reach a given level of recommendation the consensus
required the agreement of at least 80% of the participants. With this methodology the final consensus is
based not only on the strength of the evidences of the clinical trials but also on the way the participants
interpret the results. The three panels (assessment, interventional and methodological) were involved in
the final consensus process for the production of the recommendations. This process was overviewed by

the chairman GC with the collaboration of SOR.

RESULTS

Detailed results of the GRADE analysis for each intervention are provided in the supplementary material

published online.
Oral and intrathecal baclofen

Question 1: In MS patients with spasticity, is oral baclofen, in comparison with placebo, able to relieve

spasticity symptoms and/or signs?

Question 2: In MS patients with spasticity, is intrathecal baclofen superior to oral baclofen in relieving

spasticity symptoms and/or signs?

One search was conducted in PubMed regarding oral (question 1) and intrathecal baclofen (question 2). In
addition, articles from the review by [11]were assessed for relevance. Thirty records were identified
through PubMed search. Of these, 28 were excluded after screening for the following reasons:
commentary/opinion (n=2), lack of a comparator (n=2), absence of clinical data (n=2), less than 50% of MS
patients included (n=3), different drug/intervention (n=5), unclear study type (n=11), outcome not related

to spasticity (n=3).

Further 16 full text articles were identified through the review article of [11]. Of these, 10 were excluded

for the following reasons: commentary/opinion (n=1), <50% patients with MS (n=2); not a specified study
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type (n=9). Only 2 articles found in PubMed and 6 in the review article [11] were therefore assessed for
eligibility. Of these articles, 2 were not included in the GRADE analysis as they did not assess one of the
five prioritized spasticity-related outcomes (AS scale, MAS scale, spasticity NRS, MSSS-88, and spasticity
VAS).

Overall, there were four full text articles included in the GRADE analysis for oral baclofen, from which two
outcomes were assessed (AS and spasticity NRS), and two articles for intrathecal baclofen (both assessing

AS).

a) Oral baclofen.
Four double-blind, placebo-controlled studies were included in the GRADE analysis [15-18]. Of these, 3
were crossover studies [15, 16, 18], and one had an unclear study design [17]. All four studies assessed

Ashworth spasticity scale, while spasticity NRS was also measured in one study [18].

Quality of the evidence and recommendation - Overall, quality of the evidence for the studies assessing
AS[15-18]and spasticity NRS [18] was judged very low; there was a consensus on a weak recommendation

of the use of oral baclofen for treatment of spasticity in MS.

b) Intrathecal baclofen
Two selected double-blind controlled trials (RCTs) assessed the effect of intrathecal baclofen on

Ashworth spasticity scale[19, 20].

Quality of the evidence and recommendation - Although quality of the evidence for these studies was
very low, there was a consensus of the panel to recommend intrathecal baclofen for the treatment of

spasticity, the strength of recommendation is strong.

Cannabinoids

Question 3. In MS patients with spasticity, are cannabinoids more effective than placebo or other

interventions in relieving spasticity symptoms and/or signs?

There were therefore 13 full text articles that met the inclusion criteria for the GRADE analysis, from
which five outcomes were evaluated (AS, MAS, spasticity NRS, MSSS-88, and spasticity VAS). AS was
assessed in 5 randomized, placebo-controlled, double-blind parallel group studies[21-26], MAS was

evaluated in further 5, placebo-controlled RCTs[27-31], six, placebo-controlled RCTs assessed spasticity
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NRS as an outcome[21, 23, 27-30], two multicentre, placebo-controlled, RCTs used MS spasticity scale as
an outcome [32, 33], and spasticity VAS was the primary outcome in one randomized double-blind

placebo-controlled study of 6 weeks duration [31]

Quality of the evidence and recommendation - The panel agreed that evidence exists to recommend
cannabinoids, and particularly oromucosal spray nabiximols, for the treatment of spasticity in MS

patients; the strength of the recommendation is strong.
Botulinum toxin

Question 4. In MS patients with spasticity, is Botulinum Toxin superior to placebo or other interventions in

relieving spasticity symptoms and/or signs?

Four controlled trials were included in the GRADE analysis. Two were randomized double blind placebo
controlled [34, 35], one [35] with a cross over design, and 2 were single blind randomized trials [36, 37].
The MAS, primary end point in 3 studies [35, 36, 37] and secondary end point in one study [34]. The

spasticity VAS was secondary end point in one study [36].

Quality of the evidence and recommendation- The major limitation is the relatively small sample size, with
a total of 134 patients treated with botulinum toxin, alone or in combination with other treatments. The
quality of the evidence was classified as moderate. There was a consensus to recommend the use of

botulinum toxin to treat spasticity in MS; the strength of the recommendation is strong.

Tizanidine
Question 5 In MS patients with spasticity, is Tizanidine more effective than placebo in relieving spasticity

symptoms and/or signs?

Six studies were included in the GRADE analysis. The primary end point was the AS in 5 studies, all were
double blind, placebo controlled [5, 38—41]; the MAS was the primary end point in a double-blind,

double-dummy , 2-way crossover, placebo controlled RCT[42].

Quality of the evidence and recommendation- There are various limitations in the 6 examined studies:
small sample size [5, 41],no details on statistical methods, major statistical problems [5, 38, 39, 41],
Imprecision (time interval between dosing and assessment varied, and nonsignificant baseline differences

in score were addressed as covariate in analysis) [40],publication bias (support or author affiliation with
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drug company) [5, 38-40, 42]. The quality of evidence was classified as low for MAS and moderate for AS.

There was a consensus for a weak recommendation for the use of tizanidine.

Gabaergic Drugs (Gabapentin)
Question 6: In MS patients with spasticity, is gabapentin or pregabalin more effective than placebo or

other interventions in relieving spasticity symptoms and/or signs?

Two studies, both randomized double-blind, placebo-controlled crossover trials [43, 44], met the criteria
for inclusion in the systematic review and GRADE analysis. The AS was the pre-specified outcome measure
in both RCTs. Compared to placebo, gabapentin reduced spasticity in both categorical (p=0.04) and

continuous analyses (median score reduction of 2.7; P=0.007).

Quality of the evidence and recommendation - Very serious limitations are the very small sample size of
the studies, and the suboptimal description of the results. The unclear description of outcome in one
study (‘modified” Ashworth scale) produced serious imprecision[43]. The resulting quality of the evidence
was very low. Based on the magnitude of the effect and the good tolerability of the drug (although the
treatment period was very short) the panel agreed on a weak recommendation for using gabapentin to

reduce spasticity in MS patients.

Benzodiazepines
Question 7: In MS patients with spasticity, is diazepam or clonazepam more effective than placebo or

other interventions in relieving spasticity symptoms and/or signs?

Three studies met the criteria for inclusion in the systematic review and GRADE analysis [[41, 45, 46]. Two
were crossover RCTs comparing diazepam to baclofen [45, 46], one of which was double-blind[46]. The
other study was a RCT comparing diazepam to tizanidine [41]. The AS was the pre-specified outcome
measure used in the three studies. Diazepam significantly reduced muscle tone, however there was no

significant differences compared to the efficacy of tizanidine and oral baclofen.
Quality of the evidence and recommendation - Serious limitations are the small sample size of the studies,

one of which was not randomized[49], insufficient washout period [45, 46], lack of clarity on the patients

analysed [45], and on the statistical methods [41]. Serious imprecision originated from the fact that
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dosing was not by weight, AS scores were not reported and table showing improvement scores seemed
to mislabel interventions [41]. The resulting quality of the evidence was low.

Based on the effect of oral diazepam which was not superior to the comparator (oral baclofen or
tizanidine) and the limited tolerability of the drug, the guideline panel agreed on a weak recommendation

using benzodiazepines to reduce spasticity in MS patients.

Aminopyridines
Question 8: In MS patients with spasticity, are aminopyridines more effective than placebo or other

interventions in relieving spasticity symptoms and/or signs?

Of three records identified, two were excluded because they were review papers, one paper was
assessed in full [47]. The paper reported the results of a double blind, placebo-controlled parallel group
trial testing the efficacy and safety of fampiridine on muscle strength. The paper was excluded because
spasticity was not the target of the intervention and any of the accepted spasticity outcomes were used.

No GRADE analysis was performed.

Transcutaneous nerve stimulation (TENS)
Question 9: In MS patients with spasticity, are peripheral stimulation approaches (such as TENS) more

effective than sham stimulation in relieving spasticity symptoms and/or signs?

Fifteen records were identified through PubMed search, 10 were excluded and 5 full text articles were
assessed for eligibility. Four did not met the inclusion criteria for various methodological reasons or
because the articles were systematic reviews, so 1 article only was included in the GRADE analysis [48].
The study compared the relative efficacy of baclofen and self-applied transcutaneous electrical nerve
stimulation (TENS) for the treatment of spasticity in the lower extremities in MS. The primary outcome

was MAS. Spasticity decreased significantly in both groups, with a larger effect in the TENS group.

Quality of the evidence and recommendation. There were very serious limitations: unblinded study, small
sample size, short treatment and follow-up, high loss to follow-up, no discussion of confounders, no
control of the administration of TENS because the treatment was performed at home. There was some
risk of inconsistency because a possible mismatch between author conclusion and data provided

regarding which treatment had superior effect. The quality of the evidence was considered very low.
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There was a consensus in the panel that for the low quality of the evidence TENS cannot be

recommended as a treatment of spasticity in MS.

Transcranial repetitive magnetic stimulation
Question 10: In MS patients with spasticity, is magnetic stimulation more effective than sham stimulation

in relieving spasticity symptoms and/or signs?

Repetitive transcranial magnetic stimulation (rTMS) is a noninvasive technique that induces changes in
cortical excitability at the site of stimulation and at distant sites, leading to either facilitation or inhibition

depending on the frequency and pattern of pulses. The effects of rTMS are possibly mediated through the
induction of short-term and long-term synaptic potentiation (LTP) mechanisms, opening the possibility of
therapeutic applications [49]. Repetitive transcranial theta burst stimulation (iTBS), is a recently

developed high frequency and short duration rTMS protocol, able to induce more long-lasting effects [50].

Pub Med search identified 12 references regarding repetitive magnetic stimulation. In total, 5 studies
[51-55] fulfilled the inclusion criteria for this review. Four major outcomes were used in the studies: MAS
[51-54], AS [55], MS spasticity scale [54] and spasticity VAS [51]. Three study designs were double-blind
sham controlled, RCTs[51, 54, 55] and two were pseudo-randomized sham controlled studies[52, 53].
Concerning MAS, treatment effect was observed with real but not sham stimulation in 3 of 4 studies [52—
54], while one study [51] found improvement of MAS in both groups, with no significant difference
between groups. In the fifth study [55] a combined score including AS showed a significant benefit of real
versus sham stimulation; the positive result of the primary end point was supported by a positive effect

on a numerical rating scale of daily activities.

Quality of the evidence and recommendation

For all the studies the quality of the evidence can be classified as very low because of many limitations.
All studies had very small sample sizes, two studies were quasi randomized limiting the initial quality of
the evidence [52, 53]; treatment effect not consistently shown across spasticity measures [51, 54];
significant difference in baseline clinical scores of spasticity between groups [55]; AS was part of a
composite clinical score[58]. Inconsistencies emerged in some studies [51, 54].

The panel agreed to a weak recommendation of brain transcranial magnetic stimulation for the treatment

of spasticity in MS.
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Transcranial Direct Current Stimulation (TDCS)

Question 11: In MS patients with spasticity, is TDCS more effective than sham stimulation in relieving
spasticity symptoms and/or signs?

Transcranial direct current stimulation (tDCS) is another simple, non-invasive technique that can induce
sustained excitability changes in relatively restricted human brain areas [56], modulating spontaneous
neuronal firing rates, synaptic and non-synaptic plasticity [57].

For the effects of tDCS on MS spasticity, 13 papers were identified, 12 were exclude for various reasons. :
outcomes not related to spasticity (n=2), different drug/intervention (n=6), not a specified study type
(n=3), different drug/intervention (n=1,) and one study only was included in the GRADE analysis [58].

The included study was a single-center, randomized, double-blind, sham-controlled trial with MAS as

primary endpoint. No significant effects of TDCS emerged.

Quality of the evidence and recommendation. The study has major limitations, including the small sample
size, imprecision (only one side studied in each patient), technical issues as TDCS was specifically applied
over the motor cortex corresponding to the more affected leg. The Panel concluded for the absence of

evidence to recommend tDCS to treat spasticity in MS patients.

CONCLUSIONS

Spasticity is a frequent symptom of MS, particularly in the progressive phase of the disease, resulting in a
strong impact on the quality of life and working capacity. Itis a complex phenomenon with interaction
with other MS symptoms and signs such as pain, weakness and ataxia. As a consequence, the assessment
of spasticity is quite difficult, particularly in the area of patient reported outcome explaining the wide
variety of approaches taken to assess this symptom. On the other hand, the ebjective measures of
spasticity, such as AS and MAS, the most commonly used in clinical trials, require some collaboration of
the patient, moreover, they are characterized by a low responsiveness, in addition to their low sensitivity.
The combination of these limiting factors explains the large inter- and intra-individual variability in the
responses to therapeutic interventions. Overall, the methodological quality of the studies exploring
interventions on spasticity affecting MS patients was poor. The sample sizes was small in all studies,
with the exception of some studies evaluating the effects of cannabinoids, and the duration of the trials
never exceeded 3 weeks, which limits inference of long-term efficacy. Other factors with negative impact
on the quality of the studies were marked heterogeneity in patients’ characteristics, the monocentric
design and the variability of treatment regimens. Despite all these consistent limitations, that should be

carefully considered when evaluating the results of clinical trials, some interventions demonstrated a
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significant reduction of spasticity, with a good internal consistency in some studies. The level of
recommendation was weak for most of the examined interventions, with the exception of a strong
recommendation for intrathecal baclofen, cannabinoids, and botulinum toxin. In our Consensus we did
not include interventions in the area of physical therapy. In spite of a lack of evidence, stretching is
commonly used and its role is supported by a recent study [59].
At present spasticity is frequently undertreated and monitoring of interventions is quite poor. As far as we
know no treatment algorithms have been validated. There is a clear need for new larger multicenter well-
designed clinical trials with a duration that allow to evaluate the persistence of the effects and long term
safety of the interventions. The sequencing and the combination of interventions should also be
investigated. = On the other side, we should improve our assessment and monitoring of spasticity,
expanding the role of patient perspective, to better utilize the already available interventions and to test

new potential therapies.
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Table 1: PICO questions

1. In MS patients with spasticity, is oral baclofen, in comparison with placebo, able to relieve
spasticity symptoms and/or signs?

2. In MS patients with spasticity, is intrathecal baclofen superior to oral baclofen in relieving
spasticity symptoms and/or signs?

3. In MS patients with spasticity, are cannabinoids more effective than placebo or other
interventions in relieving spasticity symptoms and/or signs?

4. In MS patients with spasticity, is botulinum toxin superior to placebo or other interventions in
relieving spasticity symptoms and/or signs?

5. In MS patients with spasticity, is tizanidine more effective than placebo in relieving spasticity
symptoms and/or signs?

6. In MS patients with spasticity, is gabapentin or pregabalin more effective than placebo or other
interventions in relieving spasticity symptoms and/or signs?

7. In MS patients with spasticity, is diazepam or clonazepam more effective than placebo or other
interventions in relieving spasticity symptoms and/or signs?

8. In MS patients with spasticity, are aminopyridines more effective than placebo or other
interventions in relieving spasticity symptoms and/or signs?

9. In MS patients with spasticity, are peripheral stimulation approaches (such as transcutaneous
electrical nerve stimulation [TENS]), more effective than sham stimulation in relieving spasticity
symptoms and/or signs?

10. In MS patients with spasticity, is magnetic stimulation more effective than sham stimulation in
relieving spasticity symptoms and/or signs?

11. In MS patients with spasticity, is transcranial direct current stimulation (TDCS) more effective

than sham stimulation in relieving spasticity symptoms and/or signs?
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Table 2. List of outcomes selected for the GRADE analysis

e Clinical outcomes:
o Ashworth scale
o Modified Ashworth scale

o Tardieu scale

¢ Patient-reported outcomes:
o Spasticity numeric rating scale (NRS)
o MS Spasticity Scale (MSSS-88)

o Spasticity visual analog scale (VAS)
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Table 3. Inclusion criteria for literature analysis

e Date range: January 1, 2007—-August 16, 2017

¢ Language: English

¢ Publication type: Clinical study; full text

e Study design: Comparative study (eg, randomized, controlled)
e Patient population: at least 50% of patients with MS

¢ Outcomes: Spasticity outcome(s)
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