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TherapeuTic advances in 
neurological disorders

Introduction
More than 80% of individuals with multiple scle-
rosis (MS) have been reported to experience 
MS-associated spasticity (MSS).1,2 As MS pro-
gresses over time, the prevalence and severity of 
MSS can worsen.3 Spasticity and its associated 
symptoms, which often include spasms, mobility 
limitations, bladder dysfunction, sleep impair-
ment, fatigue, sexual dysfunction and/or pain,4 
are known to reduce the quality of life (QoL)5 of 
people living with MS.

Spasticity cannot be measured in a fully objective 
way. When healthcare professionals communi-
cate with those affected by MSS, spasticity can be 
categorised qualitatively according to its severity 
into the broad three categories of none/mild, 
moderate and severe/total, with descriptors sub-
jectively framed by the degree of impact that spas-
ticity has on an individual’s ability to carry out 
their activities of daily living.6,7 Clinically, the 
severity of MSS can be measured using more sen-
sitive and less subjective measures with various 
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Abstract
Background: Over 80% of individuals with multiple sclerosis (MS) experience MS-associated 
spasticity (MSS). In many European countries, after failure of first-line treatments, moderate 
or severe MSS can be treated with nabiximols, a cannabis-based add-on treatment.
Objective: This post hoc analysis assessed the shift of participants treated with nabiximols 
from higher (severe or moderate) to lower (moderate or mild/none) spasticity.
Methods: Previously published data from two randomised controlled trials (RCTs), GWSP0604 
(NCT00681538) and SAVANT (EudraCT2015-004451-40), and one large real-world study 
(consistent with EU label), all enriched for responders, were re-analysed. Spasticity severity, 
measured using the 0–10 numerical rating scale (spasticity NRS), was categorised as none/
mild (score <4), moderate (score ⩾4–7), or severe (score ⩾7).
Results: In the two RCTs, the shift of participants with severe MSS into a lower category was 
significantly greater at week 12 for those receiving nabiximols versus placebo [GWSP0604: 
OR (95% CI), 4.4 (1.4, 14.2), p = 0.0125; SAVANT: 5.2 (1.2, 22.3), p = 0.0267]. In all three studies, 
over 80% of assessed patients with severe spasticity at baseline reported a shift into a lower 
category of spasticity after 12 weeks.
Conclusions: A meaningful proportion of MSS patients treated with nabiximols shifted to a 
lower category of spasticity severity, typically maintained to the end of the 12-week study 
period.
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tools, for example, the healthcare professional-
applied Ashworth or Modified Ashworth Scale, 
Tardieu Scale,2 and a patient-reported outcome 
tool, the 0–10 numeric rating scale for spasticity 
(spasticity NRS), although these are not fully 
objective tools. The spasticity NRS is becoming 
increasingly used and has been validated in a pop-
ulation with MSS.8 For the purposes of formal 
research, the spasticity NRS ranges 0–3, 4–6 and 
7–10 have been used to represent none/mild, 
moderate and severe spasticity, respectively.9,10

Many studies have correlated the severity of spas-
ticity, defined as none, mild, moderate or severe, 
with the severity of associated symptoms and 
other relevant outcomes; typically, progression to 
a worse category of spasticity is associated with a 
greater burden of related outcomes. An increase 
in severity of MSS to a higher category is corre-
lated with worsening of spasticity-related symp-
toms,7 greater disability,1 greater impact on 
QoL,9,11 the need for increased support and 
resources,7 increased costs10 and decreased qual-
ity-adjusted life years.11 Conversely, a reduction 
in severity of spasticity to a lower category has 
been seen to correspond to improvements in 
spasticity-related symptoms.12

MSS is classed as moderate or severe in around 
30–40% of people with MS,3,7 resulting in a high 
personal and societal burden. Severe spasticity 
symptoms, measured with some subjectivity, can 
persist despite treatment with physiotherapy and 
traditional first-line anti-spasticity drug treat-
ments (e.g. baclofen or tizanidine).9 Additional 
therapeutic options can have an important role to 
relieve the burden of MSS in individuals non-
responsive to these traditional treatments. 
Nabiximols (Sativex® oromucosal spray; Jazz 
Pharmaceuticals, Cambridge, UK) is an approved 
medicine in many countries across Europe and 
elsewhere containing tetrahydrocannabinol 
(THC), cannabidiol and other cannabinoid-
derived and non-cannabinoid molecules, indi-
cated for symptomatic improvement in adults 
with moderate-to-severe MSS who have not 
responded adequately to other anti-spasticity 
medications and who demonstrate clinically 
noticeable improvement in spasticity-related 
symptoms during an initial trial of therapy.13 This 
initial trial consists of a 2-week period of titration 
to effect within a specified dose range, with the 
optimized dose level subsequently unchanged for 
an additional 2 weeks. Nabiximols is not approved 

for use in the United States. Multiple randomised 
controlled trials (RCTs), based on participant 
populations enriched for those with response to 
treatment, have demonstrated that nabiximols 
reduces the mean spasticity NRS score to a clini-
cally relevant degree, reflecting reduced severity 
of MSS,14–17 and these findings have been con-
firmed in post-approval studies, including large, 
real-world analysis.18 While these studies have 
reported absolute mean changes in the spasticity 
NRS score across a treatment group and also the 
proportion of participants who achieve a clinically 
meaningful response, they have not assessed 
improvement in spasticity symptom status in 
terms of the proportion of participants who shift 
between the severe, moderate and mild/none 
qualitative categories of spasticity severity.

This post hoc evaluation aimed to re-evaluate data 
from two enriched placebo-controlled studies, 
the SAVANT study15 and the GWP0604 study,14 
and the largest available real-world long-term 
study [the Agenzia Italiana del Farmaco (AIFA) 
Sativex registry],18 with the objective of investi-
gating the change in spasticity symptom status 
(defined as a shift between none/mild, moderate 
and severe categories of MSS) in individuals 
treated with nabiximols for moderate or severe 
MSS.

Methods
A post hoc analysis of data from two RCTs, 
GWSP0604 (registration number NCT0068 
1538)14 and SAVANT (registration number 
EudraCT2015-004451-40),15 and one large 
independent observational prospective e-registry 
run by the Italian medicines agency AIFA (which 
was not formally registered internationally),18 all 
of which explored the efficacy of nabiximols using 
the 0–10 spasticity NRS scale, was conducted. 
Details of these studies are shown in Table 1. 
These studies were chosen because of their status 
as key RCTs or as the largest available real-world 
data set, but importantly because all three studies 
reflected initiation (including titration) and con-
tinuation of treatment with nabiximols (or match-
ing placebo) beyond an initial 4-week period 
consistent with the current label for nabiximols. 
Briefly, the GWP0604 study was a multicentre, 
randomised, double-blind, placebo-controlled 
and parallel-group study. An initial 4-week single-
blind trial was carried out, during which all par-
ticipants received a treatment trial of nabiximols, 
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Table 1. Details of studies and patients included in the original studies and in the post hoc analysis.

Study Study design N in 
original 
studya

Population Study arms Primary endpoints and 
results for original study

N in post hoc 
analysisb (% 
of original 
cohort)

Novotna 
et al.14 
(GWP0604)

RCT 224 Adults with 
moderate-to-
severe MSS 
(spasticity NRS 
score ⩾4), 
with previous 
experience 
of alternative 
anti-spasticity 
treatments 
(without adequate 
relief). Only 
patients who 
experienced an 
initial clinical 
responsea during 
an initial 4-week 
treatment phase 
were eligible 
for long-term 
treatment

All patients 
underwent a 
4-week blind 
treatment trial 
with nabiximols. 
Initial 
respondersa 
were 
randomised into:
•  Placebo 

(n = 117)
•  Nabiximols 

(n = 124)

Change in spasticity NRS 
score (12 weeks versus 
baseline):
•  Nabiximols: mean 

spasticity NRS score 
reduced (spasticity 
improved) by 0.04 units

•  Placebo: spasticity 
NRS score 
increased (spasticity 
deteriorated) by 
0.81 units

•  Treatment difference 
(spasticity NRS): 0.84 
(95% CI: −1.29 to 
−0.40); p = 0.0002

Those who 
had severe 
MSS at 
screening 
were 119 
(53.1%).

Markova 
et al.15 
(SAVANT)

RCT 96 
(completed 
part B)

Eligible 
individualsa 
underwent a 
washout phase 
before being 
randomised 
into the second 
phase of the trial 
(part B)
•  Placebo, 

n = 46
•  Nabiximols, 

n = 50

Proportion of respondersc 
at 12 weeks:
•  Nabiximols: 41/53 

(77.4%)
• Placebo: 17/53 (32.1%)
•  Odds ratio: 7.0 (95% CI: 

2.95–16.74); p < 0.0001

89 (92.7)

Patti et al.18 Registry; 
real-world, 
prospective, 
observational

889 Nabiximols 
(n = 889); no 
comparator 
group

Nabiximols: mean 
spasticity NRS score 
reduced from 7.5 ± 1.5 
at baseline to 5.1 ± 1.6, 
a 32% mean reduction in 
spasticity NRS score

760 (85.5)

aIn all three studies, an initial clinical response to nabiximols over an initial 4-week assessment was defined as a ⩾20% reduction in spasticity NRS 
score. Patients not achieving this minimum response were withdrawn from nabiximols treatment and were not represented in the phases of the 
studies shown here. N numbers represent patients who completed the relevant part of the study.
bN numbers included in the post hoc analysis reflect those with relevant data (principally spasticity NRS score) available at all relevant time points 
(baseline and 12 weeks).
cClinical response to nabiximols was determined over a 12-week period and was defined as a ⩾30% reduction in spasticity NRS score from 
baseline, reflecting the CID in the MS spasticity 0–10 NRS.8

CI, confidence interval; CID, clinically important difference; MSS, multiple sclerosis-associated spasticity; NRS, numeric rating scale; RCT, 
randomised controlled trial.
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followed by 12-week double-blind, placebo-con-
trolled treatment in initial responders (with no 
washout phase).14 The SAVANT study15 was a 
prospective, randomised, parallel-group, double-
blind, placebo-controlled, two-phase trial that 
consisted of an initial 4-week single-blind period 
to identify initial responders (as per the approved 
label), who then entered a 4-week washout period 
(part A), followed by a 12-week randomised, dou-
ble-blind, placebo-controlled treatment period 
(part B). The third study was a large, multicentre 
observational study aimed at collecting prospec-
tive reported data, based on mandatory data input 
into an Italian national registry of all individuals 
prescribed nabiximols, that is, those with moder-
ate or severe spasticity who were known respond-
ers to nabiximols.18 The purpose of the registry 
was to monitor the effectiveness and tolerability of 
nabiximols as used per the local prescribing infor-
mation in people with MSS. Data from this regis-
try included in this analysis related to all individuals 
who initiated treatment with nabiximols between 
1 January 2014, and the end of February 2015. All 
three studies were performed in line with the prin-
ciples of the Declaration of Helsinki, as described 
in the original publications.14,15,18 All study data 
were de-identified before analysis, and access to 
electronic data sources was restricted to the mini-
mum number of study analysts and provided via 
encrypted security codes without further distribu-
tion before de-identification. As this study was 
designed as a post hoc analysis, with no primary 
data collection, no ethical authorisation or addi-
tional patient consent was required (above that 
already obtained during the original studies and 
reported in the original publications).

Statistical analysis
All three studies applied a consistent definition of 
MSS severity and ‘response’ to nabiximols using 
the validated 0–10 spasticity NRS.8 Using this 
scale, no/mild, moderate and severe spasticity 
were defined as spasticity NRS score of <4, 4 to 
<7 or ⩾7, respectively, on a scale of 0–10 (where 
10 represents the worst possible spasticity). In all 
three studies,14,15,18 the initial response to nabixi-
mols was defined as a ⩾20% reduction in the 
spasticity NRS score over a 4-week initial treat-
ment phase. Only individuals who had achieved 
this level of reduction received long-term treat-
ment with nabiximols (or matching placebo), 
after an initial washout period if applicable. Over 
the longer term, a clinically meaningful response 

was defined as a ⩾30% reduction in the spasticity 
NRS score (compared with baseline)14,15,18; this 
reflected the recognised clinically important dif-
ference (CID) for MSS.8 These definitions are 
also reflected in the local prescribing information 
of nabiximols in the EU.13

The efficacy populations used for the post hoc 
analysis included all individuals who received at 
least one dose of trial medication and had both 
baseline and a post-baseline assessment of spas-
ticity severity at week 12. With regard to the 
GWSP0604 trial,14 all participants initially 
received 4 weeks of treatment with nabiximols 
(part A). Those who showed an initial clinical 
response were immediately progressed to part B 
with no washout phase and were randomised to 
receive either continued treatment with nabixi-
mols or a switch to placebo. This post hoc analysis 
focused on participants who had severe spasticity 
at screening, and baseline was defined as the 
beginning of part A. This focus on those individu-
als with the most marked spasticity at the begin-
ning of the study was based on the hypothesis that 
any deterioration at the beginning of part B would 
be more clearly seen in this subgroup.

In the SAVANT trial,15 baseline was defined as 
the assessment that occurred before the randomi-
sation to part B, that is, the 12-week placebo-con-
trolled period following the described washout 
period during which no participants were treated 
with nabiximols. Only initial responders whose 
improvement in the spasticity NRS score during 
part A was reduced by ⩾80% during the washout 
period were eligible for part B.

Analyses of the Italian real-world data registry18 
involved nabiximols-treated individuals who all 
reported an initial clinical response after the first 
4 weeks of treatment. In this study, baseline rep-
resented the point immediately prior to prescrip-
tion of nabiximols.

The shift between categories of spasticity was 
measured as a change in spasticity NRS score cat-
egory from the category reported at each study’s 
baseline (as defined above) to a different category 
at week 12. Shift in spasticity category was 
reported as the proportion of responders who had 
a change in their spasticity status by at least one 
category at the 12-week follow-up visit compared 
with baseline. Change from baseline and propor-
tion of subjects achieving a ⩾20% or a ⩾30% 
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reduction in spasticity NRS score by 12 weeks 
were determined for those classified with mild, 
moderate and severe NRS spasticity categories at 
baseline/screening. The numbers and percentages 
of individuals who stepped down from severe to 
mild/moderate and from moderate to mild NRS 
categories were summarised across all three data 
sets.

For the two RCTs included in this post hoc evalu-
ation, the impact of treatment with nabiximols 
compared with placebo was explored. The odds 
of shifting spasticity category were evaluated by 
calculating the odds ratio (OR), its 95% confi-
dence interval (CI) and the corresponding two-
sided p-value using the Fisher exact test.

Results

Post hoc analysis of the GWSP0604 trial14

The trial included 191 patients [134 (70.2%) 
females, mean age 51.3 ± 10.2 years, mean dis-
ease duration 14.2 ± 8.4 years]. Most of the 
patients were secondary progressive [92 (48.2%)] 
and the mean NRS score at baseline was 5.5 ± 1.9.

Mild, moderate and severe MSS was reported at 
an initial screening time point (week 0) in 1 
(0.5%), 97 (44.7%) and 119 (54.8%) recruited 
participants, respectively. At the end of the initial 
4-week treatment trial, during which all partici-
pants received nabiximols (part A), an overall 
improvement in spasticity was seen, with mild, 
moderate and severe spasticity reported in 95 
(43.8%), 120 (55.3%) and 2 (0.9%) participants, 
respectively. At this time point, individuals who 
met the criteria for initial response were ran-
domised to either continue with nabiximols or be 
switched to placebo for a further 12-week study 
(part B). No washout phase took place, meaning 
that part A and part B were continuous.

The formal post hoc analysis was limited to the 
119 participants who had reported severe spastic-
ity at the screening visit (part A baseline), all of 
whom had showed a ⩾20% clinical response to 
nabiximols during an initial 4-week treatment 
trial. This represented 53.1% of the entire cohort 
of the original study (Table 1). Accordingly, at 
the beginning of part B (defined as baseline in this 
analysis), spasticity NRS score reflected the 
improvements in spasticity experienced during 
the open-label treatment trial (part A). At the end 

of the 12-week double-blind treatment period 
(end of part B), in the subset of participants who 
had severe spasticity at screening and mild or 
moderate MSS at part B baseline, treatment with 
nabiximols was associated with a reduction in 
spasticity severity category compared with pla-
cebo [OR (95% CI), 4.4 (1.4, 14.2); p = 0.0125]. 
Of individuals with severe MSS at the screening 
time point who were randomised to receive nabix-
imols throughout part B, 51 (92.7%) reported 
mild or moderate MSS at week 12; 4 (7.3%) par-
ticipants initially improved during part A before 
reverting to severe MSS at week 12. In the pla-
cebo group, 46 (74.2%) individuals reported 
none/mild or moderate MSS at week 12, and 16 
(25.8%) improved during part A before reverting 
to severe MSS by week 12; two participants in the 
placebo group consistently reported severe MSS 
at all time points (both had ⩾20% change in NRS 
at week 12).

The post hoc analysis also explored the impact of 
either continuing nabiximols or being switched to 
placebo after the 4-week treatment trial. Of indi-
viduals who had improved from severe to mild 
MSS through the part A treatment trial (during 
the first 4 weeks), a greater proportion of those 
treated with nabiximols remained with mild MSS 
at the end of the 12-week study phase compared 
with placebo (17/17, 100% versus 10/18, 55.6%; 
Figure 1). This was reflected in the change in 
spasticity NRS score for these subgroups, with a 
further improvement in spasticity NRS score 
noted for those treated with nabiximols (mean 
0.4-point reduction in spasticity NRS score), sug-
gesting a gradual continual improvement over 
time after the initial 4-week time point, but a 
mean deterioration in those receiving placebo 
(mean 1.5-point increase in spasticity NRS 
score). More individuals with mild MSS at part B 
baseline who were treated with nabiximols had 
reached the CID (⩾30% improvement in spastic-
ity NRS score) after the 12-week study period 
compared with those switched to placebo after 
4 weeks of treatment (100% versus 66.7%, respec-
tively). By the end of the 12-week phase, among 
those with moderate MSS at part B baseline, 
more individuals treated with nabiximols com-
pared with placebo remained in the moderate 
MSS category (22/38, 57.9% versus 22/44, 
50.0%) and more improved to mild MSS (12/38, 
31.6% versus 11/44, 25.0%, respectively; Figure 
1). Conversely, fewer participants who continued 
with nabiximols (4/38; 10.5%) reverted to severe 
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MSS compared with those who stopped nabixi-
mols and were switched to placebo (11/44; 
25.0%). This was reflected in the changes to 
mean spasticity NRS compared with part B base-
line (Figure 1), showing, in participants with 
moderate spasticity, a further improvement for 
those with continued treatment with nabiximols 
(a further reduction in spasticity NRS score of 
0.8 point) but a small deterioration in those who 
switched to placebo (a mean increase in spastic-
ity NRS score of 0.1 point). More participants 
overall with either mild or moderate spasticity at 
part B baseline (immediately after the 4-week 
treatment trial) reached the CID for MSS (⩾30% 
improvement in spasticity NRS) by the end of 
the 12-week study period (100% and 76.3%, 
respectively) compared with participants who 
switched to placebo after the initial 4-week treat-
ment with nabiximols (66.7% and 52.3%, 
respectively), meaning that participants receiving 
continued treatment with nabiximols were more 
likely to achieve a clinically meaningful benefit 
than those having short-term (4-week) treatment 
only.

Overall, of the 119 participants with severe MSS 
at screening who responded to an initial trial of 
nabiximols, fewer of those who continued with 
nabiximols deteriorated to a worse spasticity 
symptom status compared with placebo (4/55, 
7.3% versus 19/62, 30.6%, respectively).

Post hoc analysis of the SAVANT trial15

The study included 572 patients [347 (61%) 
females, mean age 48.9 ± 9.6 years, mean disease 
duration 7.5 ± 5.9 years] with a mean NRS score 
at baseline of 6.9 ± 1.4.

Eighty-nine participants who were initial 
responders to nabiximols, who reverted from 
their initial response during the washout period, 
and who entered and completed the 12-week 
part B of the SAVANT trial were included in this 
post hoc analysis. This represented 92.7% of the 
entire cohort of the original study (Table 1). At 
the start of the treatment randomisation phase 
(part B), following the washout phase (defined as 
baseline for the purposes of this study), 48 of 89 
(53.9%) participants had severe spasticity, 40 
(44.9%) participants had moderate spasticity 
and 1 (1.1%) participant had mild spasticity. 
The post hoc analysis investigated the changing 
MSS status over the 12-week study period in the 
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48 individuals who were classed as having severe 
spasticity at part B baseline (Figure 2), of whom 
25 received placebo and 23 received nabiximols. 
Fewer participants treated with nabiximols 
remained classed as having severe MSS by the 
12-week timepoint [3/23 (13.0%) individuals 
being treated with nabiximols versus 11/25 
(44.0%) being treated with placebo]. This was 
reflected in the finding that nabiximols signifi-
cantly reduced the severity of spasticity at week 
12 compared with placebo [OR (95% CI), 5.2 
(1.2, 22.3); p = 0.0267]. In participants treated 
with nabiximols, improved spasticity symptom 
status, from the severe to either the moderate or 
mild category, was observed in 87.0% (20/23) of 
individuals compared with 56.0% (14/25) of indi-
viduals who received placebo. All individuals with 
severe MSS at baseline who moved from severe to 
mild spasticity (nabiximols, 9/23, 39.1%; pla-
cebo, 4/25, 16%) reported a ⩾30% change in 
NRS. Overall, the mean reduction in spasticity 
NRS score was greater in individuals with severe 
baseline MSS treated with nabiximols than with 
placebo (reduction of 3.6 versus 1.7 points), and a 
greater proportion of those treated with nabixi-
mols reached the minimal CID (82.6% versus 
32.0%, respectively) and CID thresholds (69.6% 
versus 24.0%, respectively; Figure 2).

This post hoc analysis also investigated the chang-
ing severity of spasticity over the 12-week study 
period in the 40 individuals who were classed as 
having moderate spasticity at part B baseline 
(Figure 2). Although the spasticity symptom sta-
tus of no participants (0/23) who received nabixi-
mols deteriorated into the severe category, this 
occurred in 17.6% (3/17) who were treated with 
placebo. In the 23 individuals who received 
nabiximols, improved spasticity symptom status 
from the moderate to the mild category was 
observed in 78.3% (18/23) of the individuals, 
including one participant who shifted from mod-
erate to mild spasticity without achieving a ⩾20% 
reduction in NRS score. The extent of this 
improvement was more pronounced than in the 
placebo group, of whom 35.3% (6/17) of indi-
viduals shifted from the moderate to the mild 
spasticity category. The remaining participants 
(5/23, 21.7% receiving nabiximols and 8/17, 
47.1% who received placebo) were classed as 
having moderate spasticity at both baseline and 
the 12-week time point (i.e. no category change). 
Overall, the mean reduction of spasticity NRS 
score was greater in individuals treated with Fi
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nabiximols than with placebo (reduction of 3.1 
versus 1.4 points, respectively), and a greater pro-
portion reached the minimal CID (82.6% versus 
47.1%, respectively, all of whom also achieved 
the CID).

Post hoc analysis of real-world data18

The study included 1615 patients [849 (52.6%) 
females, mean age 51 ± 9.5 years, mean disease 
duration 17.5 ± 8.6 years]. A total of 1296 were 
progressive MS and the mean NRS score at base-
line was 7.5 ± 1.4.

The post hoc analysis was limited to individuals 
who reported a first response to nabiximols 
(⩾20% improvement in spasticity NRS score) 
after 4 weeks of treatment and who also had spas-
ticity NRS score data at the 12-week time point 
(n = 760). This represented 85.5% of the entire 
cohort of the original study (Table 1). Baseline 
values (before nabiximols) for these participants 
were compared with results after 12 weeks of 
treatment with nabiximols, with no comparator 
group (Figure 3). At baseline, moderate and 
severe MSS was reported in 122 (16.1%) and 638 

(83.9%) participants, all of whom received 
nabiximols.

For individuals with moderate MSS at baseline, 
by week 4, 41 (33.6%) had shifted category from 
moderate to mild spasticity. After 12 weeks of 
treatment, the majority of individuals remained in 
the moderate MSS category (98, 80.3%), 23 
(18.9%) maintained their shift into the mild cat-
egory and only 1 individual reported a worsened 
degree of MSS, from moderate to severe (from a 
spasticity NRS score of 6 at baseline to 7 at 
12 weeks). Although many individuals remained 
in the ‘moderate’ category after the 12-week 
treatment period, overall, a reduction of mean 
spasticity NRS score was reported (a reduction of 
2.0 points), and the vast majority achieved the 
minimal CID (⩾20% reduction in spasticity NRS 
score, 90.2%) and CID (⩾30% reduction in 
spasticity NRS score, 86.1%), demonstrating a 
meaningful degree of improvement in spasticity.

Of the 638 individuals with severe spasticity at 
baseline, 502 (78.7%) had improved to mild or 
moderate spasticity after the initial 4 weeks of 
treatment with nabiximols (not shown). Nearly 

Figure 3. Change in spasticity NRS score between baseline and week 12: Italian registry trial  
(N = 760).18

aSevere MSS – spasticity NRS score ⩾7; moderate MSS – spasticity NRS score ⩾4 to <7; mild MSS – spasticity  
NRS score <4.
MSS, multiple sclerosis-associated spasticity; NRS-S, numerical rating scale – spasticity; SD, standard deviation.
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all individuals reported a ⩾20% reduction in 
spasticity NRS score from baseline (99.7%), of 
whom one-third (37.5%) reported a ⩾30% 
reduction in spasticity NRS score at this early 
time point.

At the 12-week time point, 518 (81.2%) individu-
als had improved from having severe to mild or 
moderate MSS; 16 (2.5%) individuals reported 
mild MSS, 502 (78.7%) reported moderate MSS 
and 120 (18.8%) remained in the severe 
category.

For ease of comparison, key results are shown in 
Table 2. It is important to note that because of 
the major methodological differences between the 
three studies shown, direct comparison may not 
be appropriate, and the information in this table 
is presented for convenience only. In the 
SAVANT study15 and the Italian registry study,18 
these improvements in spasticity, reported here as 
shifts into a less severe category of spasticity, were 

reported in 87.0% and 81.2% of participants with 
severe MSS at baseline and initial response after 
4 weeks of treatment, respectively, with the 
remaining smaller proportion of participants in 
the severe MSS category. Data in Table 2 relating 
to the GWSP0604 study14 describe the subset of 
individuals who had severe MSS at the initial 
screening (prior to the initial 4-week nabiximols 
treatment trial) and show their progress through 
part B (i.e. after the initial 4-week treatment with 
nabiximols during part A, with no washout). In 
this study, more participants treated with nabixi-
mols shifted from moderate to mild spasticity and 
fewer deteriorated to severe spasticity compared 
with participants receiving placebo during part B.

Discussion
The original studies included in this post hoc evalu-
ation,14,15,18 while differing in structure, all sup-
ported the benefit of nabiximols in reducing 
spasticity, showing clinically important reductions 

Table 2. Net proportions of patients who shifted between categories of MSS severity over 12 weeks.

Shifted category  
after 12 weeks versus 
baseline, n (%)

GWSP0604a SAVANTb Italian registryb

Severe at baseline n = 2; 0.9% of the cohort n = 48; 53.9% of the cohort n = 638; 83.9% of the cohort

Nabiximols (n = 0) Placebo (n = 2) Nabiximols (n = 23) Placebo (n = 25) Nabiximols (n = 638)

  Shifted to mild or 
moderate, n (%)

0 (0.0) 0 (0.0) 20 (87.0) 14 (56.0) 518 (81.2)

 Remained severe, n (%) 0 (0.0) 2 (100.0) 3 (13.0) 11 (44.0) 120 (18.8)

Moderate at baseline n = 82; 37.8% of the cohortc n = 40; 44.9% of the cohort n = 122; 16.1% of the cohort

Nabiximols (n = 38) Placebo (n = 44) Nabiximols (n = 23) Placebo (n = 17) Nabiximols (n = 122)

 Shifted to mild, n (%) 12 (31.6) 11 (25.0) 18 (78.3) 6 (35.3) 23 (18.9)

  Remained moderate, 
n (%)

22 (57.9) 22 (50.0) 5 (21.7) 8 (47.1) 98 (80.3)

 Shifted to severe, n (%) 4 (10.5) 11 (25.0) 0 (0.0) 3 (17.6) 1 (0.8)

aSpasticity symptom status at part B baseline (i.e. immediately following an initial 4-week trial treatment with nabiximols during which all patients 
who entered part B responded) was compared with MSS status at week 12. Results shown here represent only patients with severe MSS at initial 
screening. Data shown therefore represent the change in MSS from part B baseline in patients who had severe MSS at screening (before the start  
of the treatment trial). Thirty-five patients in this study reported mild spasticity at part B baseline and are not represented in this table.
bSpasticity symptom status (mild, moderate or severe) at the earliest time point prior to nabiximols (time 0, categorised as part B baseline in 
SAVANT15 and baseline in the Italian registry18) was compared with MSS status at week 12.
cThe remaining patients (not shown here) were categorised as having mild spasticity at part B baseline (all patients having completed a 4-week 
treatment trial with nabiximols). An overview of results for patients with mild spasticity at part B baseline in this study is shown in Figure 2.
MSS, multiple sclerosis-related spasticity.
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in spasticity NRS score in a large proportion of 
participants. This post hoc analysis reconfigured 
these data into an alternative frame of reference by 
categorising participants into three qualitative lev-
els of spasticity severity, a method commonly 
employed in daily practice, so that shifts from 
higher categories to lower categories, hitherto hid-
den within the data, could be explored. This 
approach provides an alternative and more clini-
cally intuitive way to evaluate the impact of nabix-
imols on MSS that may be useful in daily practice, 
by helping to communicate more clearly the pos-
sible improvements in MSS.

Results showed that, overall, a sizeable propor-
tion of the individuals with MSS who were treated 
with nabiximols over a 12-week period and 
showed an initial response to treatment after 
4 weeks reported an overall shift to a lower spas-
ticity category; this shift was largely maintained 
from the initial 4-week time point to the end of 
the 12-week treatment period analysed, despite 
the different study settings and designs. The shift 
of participants treated with nabiximols to a less 
severe category of spasticity was significantly 
greater than that observed with placebo in both 
RCTs explored in this analysis. This finding was 
less apparent in the minority of individuals with 
moderate spasticity at baseline in the Italian reg-
istry study.18 In this study, the majority of partici-
pants who reported moderate spasticity at baseline 
were also classified as having moderate spasticity 
after 12 weeks of treatment with nabiximols. 
Nevertheless, the cohort still reported mean 
reductions in spasticity as measured by the 0–10 
spasticity NRS. This finding may reflect the 
accepted greater sensitivity of the 0–10 spasticity 
NRS to measure differences compared with the 
broader three categories assigned in this post hoc 
analysis. This finding may also reflect the fact 
that, mathematically, it is possible to achieve a 
clinically meaningful reduction in spasticity NRS 
score (e.g. a reduction from 6 to 4, both of which 
are ‘moderate’, but which equates to a 33% 
reduction) without shifting out of the original 
spasticity category.

The shift to a lower category of spasticity follow-
ing treatment with nabiximols was particularly 
apparent when analysing individuals categorised 
as having severe spasticity at baseline; over 80% 
of those with severe spasticity at baseline who 
received nabiximols over a 12-week treatment 
period and demonstrated an initial response to 

treatment after 4 weeks reported a step-down to a 
lower spasticity symptom status (either moderate 
or mild).

One study (GSWP0604)14 explored the effect of 
continued treatment with nabiximols, compared 
with a switch to placebo (with no washout phase), 
in maintaining lowered spasticity NRS score after 
an initial improvement during a 4-week treatment 
trial period with nabiximols. While the majority of 
participants who continued with nabiximols treat-
ment maintained these reduced levels of spasticity 
for up to 12 weeks, a significant proportion of indi-
viduals in the placebo arm of the study reported a 
worsening of their spasticity, a shift to more severe 
levels, suggesting that continuation of treatment 
beyond 4 weeks is important in realising long-term 
benefits of nabiximols. This post hoc analysis  
was limited to participants with severe spasticity 
(score ⩾7) at screening (before any nabiximols 
treatment). In practice, participants with high 
spasticity scores required a larger reduction in 
absolute spasticity NRS score to reach the relative 
20% threshold compared with individuals with 
lower scores; for example, a 20% reduction of a 
spasticity NRS score of 8 represented an absolute 
decrease of 1.6 on the spasticity NRS scale, com-
pared with a reduction of only 0.8 from an NRS 
spasticity score of 4 needed to achieve the same 
20% threshold. Many individuals in this study also 
shifted from severe to mild spasticity: a minimum 
reduction in spasticity NRS score of >3 points 
(approx. from 7 to >4), a reduction of 43%. This 
meant that all responders with severe spasticity at 
the start of the study had a relatively large absolute 
improvement in spasticity to be classified as a 
responder, and an equally large deterioration 
would be required in those participants switching 
to placebo to return to baseline levels. In both 
comparative studies explored in this post hoc analy-
sis,14,15 to some extent, there was some evidence of 
a varied response to being switched to placebo. 
Not only did some participants deteriorate when 
nabiximols treatment was discontinued, as 
described above, but some participants stayed in 
the same category and some experienced an 
improvement in spasticity with a shift to a less 
severe category, despite having been withdrawn 
from treatment with nabiximols. Although the 
proportion of participants shifting in this direction 
was consistently smaller than that observed in par-
ticipants being treated with nabiximols, it is worthy 
of comment. This observation has been studied 
previously in enriched study designs investigating 
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nabiximols for treatment of spasticity in MSS.19 As 
well as being partially attributed to the placebo 
effect, it has been suggested that in enriched study 
designs, such as those adopted in the two RCTs in 
this analysis, the first phase of treatment with 
nabiximols, given to all participants, may have a 
priming effect that persists even when the partici-
pant is subsequently switched to placebo.19 Any 
priming effect may have been more prominent in 
studies with no washout phase, such as the 
GWP0604 study.14 Additional investigations 
should be conducted to specifically explore the 
impact of initial treatment with nabiximols on sub-
sequent withdrawal from treatment.

Spasticity in MS is known to be related to a range 
of spasticity-associated symptoms, which can be 
grouped together as the spasticity-plus syn-
drome.4 Effective treatment of spasticity may 
have positive effects on other associated symp-
toms, including spasms, cramps and spasticity- or 
spasm-related pain. MS spasticity is also often 
associated with bladder, bowel and sexual dys-
function, as well as sleep disorders, which can 
exacerbate fatigue.4 Integrated management of 
these interrelated symptoms may be of particular 
benefit in reducing the overall burden of MSS.4 
Studies have shown that shifts to a lower category 
of spasticity can correlate with an improvement in 
spasticity-associated symptoms.7

Mild, moderate and severe categories of spasticity 
have also been directly correlated with the degree 
of functional independence experienced by indi-
viduals. For example, in a large epidemiological 
study by Rizzo et al.,6 five categories of spasticity 
– minimal, mild, moderate, severe and total – 
were defined in terms of the impact of an indi-
vidual’s spasticity on their daily activities. In this 
scale, mild is defined as ‘spasticity forces changes 
to daily activities once a week’, moderate as ‘spas-
ticity forces changes to daily activities several 
times a week’ and severe as ‘spasticity forces 
changes to daily activities every day’. Using these 
definitions, it is clearly implied that the shift from 
severe to moderate spasticity, or from moderate 
to mild spasticity, means the return of lost abili-
ties and improved activities of daily living.6 In this 
post hoc analysis, spasticity NRS values (a simple 
scale of 0–10, from no spasticity to worst possible 
spasticity) were categorised into mild, moderate 
and severe, based on numerical values; the impact 

of any shift between categories on functionality or 
QoL was not assessed. However, other studies 
have found that shifts between these same broad 
categories of spasticity also correlate with resource 
consumption,7 costs of care10 and quality-adjusted 
life years.10 The spasticity NRS remains clinically 
meaningful; it represents a good example of a 
patient-reported outcome tool considering the 
subjective perception of the participants in the 
assessment of spasticity, and it is an important 
tool when obtaining access to nabiximols. For 
example, the EU prescribing information (sum-
mary of product characteristics) for nabiximols 
requires that an individual report a spasticity 
NRS score of 4 or higher before treatment with 
nabiximols should be considered. According to 
the same label, participants and physicians must 
demonstrate clinically significant improvement in 
spasticity-related symptoms during an initial trial 
of therapy to continue treatment beyond an initial 
4-week period.

This post hoc study had some limitations. First, 
because of the differences in design between the 
different studies, and a degree of heterogeneity in 
the study populations, pooled analysis was not 
possible. The GWSP060414 study design (for 
nabiximols-treated participants) was closer to the 
Italian registry daily practice setting design18 than 
the SAVANT study structure,15 which included a 
washout period; however, a greater proportion of 
individuals enrolled in the Italian registry study 
(83.9%) had severe spasticity compared with those 
enrolled in the two randomised studies (e.g. 
38.2%; Table 2) suggesting differences in the clini-
cal characteristics of MSS in these populations, 
albeit within the permitted eligibility criteria. An 
underdiagnosis or undertreatment of moderate 
MSS participants in daily practice settings cannot 
be ruled out. Second, the post hoc analysis depended 
on the availability of spasticity NRS data both at 
baseline and after 12 weeks; although these data 
were available for a high proportion of participants, 
a degree of attrition may have affected the general-
isability of the data for the overall population of 
individuals eligible for ongoing treatment with 
nabiximols (Table 1). Third, this analysis did not 
attempt to identify correlations between shifts in 
spasticity category and global measures of change. 
Finally, because this post hoc analysis resulted in 
relatively small subgroups, it was not possible to 
draw definitive conclusions from it.
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In conclusion, this post hoc analysis showed that a 
high proportion of participants with MS with a 
severe degree of spasticity symptoms at baseline 
who demonstrated an initial response to treat-
ment with nabiximols reported a shift to a lower 
category of spasticity severity up to the 12-week 
time point explored in this assessment.

Declarations

Ethics approval and consent to participate
The study was approved by the Policlinico-
Vittorio Emanuele (Catania, Italy) Ethics 
Committee with the approval number 37/2015/
PO, as well as by the Ethical Committees of the 
participating centers. Consent was obtained prior 
to patient entry into each study. No primary data 
were used in this analysis; therefore, informed 
consent was not required. All three studies upon 
which this post hoc analysis was based were con-
ducted in accordance with the Declaration of 
Helsinki.

Consent for publication 
Not applicable.

Author contributions
Clara Grazia Chisari: Conceptualization; Data 
curation; Investigation; Supervision; Validation; 
Visualization; Writing – original draft; Writing – 
review & editing.

Joe Guadagno: Conceptualization; Data curation; 
Supervision; Validation; Visualization; Writing – 
original draft; Writing – review & editing.

Peyman Adjamian: Conceptualization; Data 
curation; Supervision; Validation; Visualization; 
Writing – review & editing.

Carlos Vila Silvan: Conceptualization; Data 
curation; Supervision; Validation; Visualization; 
Writing – original draft; Writing – review & 
editing.

Teresa Greco: Formal analysis; Methodology.

Makarand Bagul: Conceptualization; 
Supervision; Validation; Visualization; Writing – 
original draft; Writing – review & editing.

Francesco Patti: Conceptualization; Data cura-
tion; Investigation; Supervision; Validation; 
Visualization.

Acknowledgements
Dan Checketts (GW/Jazz Pharmaceuticals) con-
tributed to discussion about the data and insti-
gated some of the initial analysis. Medical writing 
support in the development of this article was 
provided by Helen Farrington (pH Medical 
Communications) and Jenny Smith (JMS 
Medical Writing Service Ltd) and funded by Jazz 
Pharmaceuticals.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: This study was 
funded by GW/Jazz Pharmaceuticals.

Competing interests
The authors declared the following potential con-
flicts of interest with respect to the research, 
authorship, and/or publication of this article: 
Authors PA, TG and MB were employees of GW/
Jazz Pharmaceuticals at the time of writing of this 
article. Author CGC received a research grant 
from Sanofi and grants for congress participation 
from Almirall, Biogen, Merck, Novartis, Roche, 
Sanofi and Teva. Author FP received speaking 
fees from Bayer, Biogen, Merck, Novartis and 
Sanofi; served as an advisory board member for 
Bayer, Biogen, Merck and Novartis; received 
funding from Pfizer and FISM for epidemiologi-
cal studies and received grants for congress par-
ticipation from Bayer, Biogen, Merck, Novartis, 
Roche, Sanofi and Teva. Author CVS was an 
employee of the commercial distributor Almirall 
SA during this analysis and publication process. 
Author JG has served on advisory boards for and 
received speaker honoraria from Biogen, Merck, 
Novartis, Roche, Teva and Sanofi Genzyme.

Availability of data and materials
Dataset is available under reasonable request to 
the corresponding author.

ORCID iD
Francesco Patti  https://orcid.org/0000- 
0002-6923-0846

References
 1. Barnes MP, Kent RM, Semlyen JK, et al. 

Spasticity in multiple sclerosis. Neurorehabil 
Neural Repair 2003; 17: 66–70.

https://journals.sagepub.com/home/tan
https://orcid.org/0000-0002-6923-0846
https://orcid.org/0000-0002-6923-0846


CG Chisari, J Guadagno et al.

journals.sagepub.com/home/tan 13

 2. Hugos CL and Cameron MH. Assessment and 
measurement of spasticity in MS: state of the 
evidence. Curr Neurol Neurosci Rep 2019; 19: 79.

 3. Kister I, Bacon TE, Chamot E, et al. Natural 
history of multiple sclerosis symptoms. Int J MS 
Care 2013; 15: 146–158.

 4. Fernandez O, Costa-Frossard L, Martínez-Ginés 
ML, et al. Integrated management of multiple 
sclerosis spasticity and associated symptoms using 
the spasticity-plus syndrome concept: results 
of a structured specialists’ discussion using the 
Workmat® methodology. Front Neurol 2021; 12: 
722801.

 5. Barin L, Salmen A, Disanto G, et al. The disease 
burden of multiple sclerosis from the individual and 
population perspective: which symptoms matter 
most? Mult Scler Relat Disord 2018; 25: 112–121.

 6. Rizzo MA, Hadjimichael OC, Preiningerova 
J, et al. Prevalence and treatment of spasticity 
reported by multiple sclerosis patients. Mult Scler 
2004; 10: 589–595.

 7. Oreja-Guevara C, González-Segura D and Vila 
C. Spasticity in multiple sclerosis: results of a 
patient survey. Int J Neurosci 2013; 123: 400–408.

 8. Farrar JT, Troxel AB, Stott C, et al. Validity, reliability 
and clinical importance of change in a 0–10 
numeric rating scale measure of spasticity: a post hoc 
analysis of a randomized, double-blind, placebo-
controlled trial. Clin Ther 2008; 30: 974–985.

 9. Flachenecker P, Henze T and Zettl UK. 
Spasticity in patients with multiple sclerosis – 
clinical characteristics, treatment and quality of 
life. Acta Neurol Scand 2014; 129: 154–162.

 10. Svensson J, Borg S and Nilsson P. Costs and 
quality of life in multiple sclerosis patients with 
spasticity. Acta Neurol Scand 2014; 129: 13–20.

 11. Arroyo R, Vila C and Dechant KL. Impact of 
Sativex(®) on quality of life and activities of daily 
living in patients with multiple sclerosis spasticity. 
J Comp Eff Res 2014; 3: 435–444.

 12. Wade DT, Makela PM, House H, et al. Long-
term use of a cannabis-based medicine in the 
treatment of spasticity and other symptoms 
in multiple sclerosis. Mult Scler 2006; 12: 
639–645.

 13. SmPC. Sativex summary of product 
characteristics. https://www.medicines.org.uk/
emc/product/602/smpc (accessed 28 April  
2022).

 14. Novotna A, Mares J, Ratcliffe S, et al. A 
randomized, double-blind, placebo-controlled, 
parallel-group, enriched-design study of 
nabiximols* [Sativex(®)], as add-on therapy, 
in subjects with refractory spasticity caused 
by multiple sclerosis. Eur J Neurol 2011; 18: 
1122–1131.

 15. Markovà J, Essner U, Akmaz B, et al. Sativex(®) 
as add-on therapy versus further optimized 
first-line ANTispastics (SAVANT) in resistant 
multiple sclerosis spasticity: a double-blind, 
placebo-controlled randomised clinical trial. Int J 
Neurosci 2019; 129: 119–128.

 16. Collin C, Ehler E, Waberzinek G, et al. A double-
blind, randomized, placebo-controlled, parallel-
group study of Sativex, in subjects with symptoms 
of spasticity due to multiple sclerosis. Neurol Res 
2010; 32: 451–459.

 17. Serpell MG, Notcutt W and Collin C. Sativex 
long-term use: an open-label trial in patients with 
spasticity due to multiple sclerosis. J Neurol 2013; 
260: 285–295.

 18. Patti F, Messina S, Solaro C, et al. Efficacy 
and safety of cannabinoid oromucosal spray for 
multiple sclerosis spasticity. J Neurol Neurosurg 
Psychiatry 2016; 87: 944–951.

 19. Di Marzo V and Centonze D. Placebo effects in a 
multiple sclerosis spasticity enriched clinical trial 
with the oromucosal cannabinoid spray (THC/
CBD): dimension and possible causes. CNS 
Neurosci Ther 2015; 21: 215–221.

Visit Sage journals online 
journals.sagepub.com/
home/tan

  Sage journals

https://journals.sagepub.com/home/tan
https://www.medicines.org.uk/emc/product/602/smpc
https://www.medicines.org.uk/emc/product/602/smpc
https://journals.sagepub.com/home/tan
https://journals.sagepub.com/home/tan

