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Abstract
Background and purpose: Nabiximols is a therapeutic option for patients with multiple 
sclerosis (MS) spasticity whose symptoms are poorly controlled by conventional oral first- 
line medications. This study aimed to assess the relationship between changes in spas-
ticity severity (measured on the 0– 10 numeric rating scale [NRS]) and the presence of 
associated symptoms in patients treated with nabiximols, and to investigate the presence 
of the newly described ‘spasticity- plus syndrome’.
Methods: We analyzed real- world data from the Italian Medicines Agency e- Registry on 
1138 patients with MS spasticity who began treatment with nabiximols. Evaluation time 
points were baseline, 4 weeks, and 3, 6, 12 and 18 months after treatment start.
Results: Common symptoms associated with MS spasticity in this cohort were pain 
(38.4% at baseline), sleep disturbances (32.7%), and spasms/cramps (28.5%). Pain was 
frequently clustered with sleep disturbances (57.2% of pain cases) and spasms/cramps 
(43.9%). Approximately one- third of patients with data at all evaluation time points main-
tained treatment at 18 months. Nabiximols reduced the baseline mean spasticity 0– 10 
NRS score by 24.6% at Week 4, and by 33.9% at 18 months in treatment continuers. 
Nabiximols resolved a range of MS spasticity- associated symptoms at Week 4, and after 
18 months in treatment continuers.
Conclusion: This real- world analysis supports the concept of a spasticity- plus syndrome 
and suggests that nabiximols can favorably impact a range of spasticity- associated 
symptoms.
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e- Registry analysis, multiple sclerosis, nabiximols, spasticity- plus syndrome, spasticity- related 
symptoms
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INTRODUC TION

Spasticity is one the most frequent complications of multiple scle-
rosis (MS), present with a least moderate severity in approximately 
one- third of patients within 10 years of diagnosis and tending to 
worsen over time [1, 2]. Along with mobility restrictions, spasticity- 
associated symptoms such as spasms, pain, sleep disturbances, and 
bladder dysfunction can interfere with patients' daily activities [3], 
profoundly impair autonomy and quality of life [4– 7], and increase 
healthcare resource consumption [2].

The traditional approach to management of MS- related symp-
toms has been ‘organ- oriented’, aiming to resolve complications at a 
local level, for example, muscle relaxants for spasticity, gabapentin 
and other agents for pain relief, and anticholinergics for bladder dys-
function [8, 9]. However, because an excess of medication can lead 
to interactions and intolerable adverse events, effective symptom 
management in MS continues to be an unmet need [10, 11]. The me-
diation of many MS symptoms in the brainstem, where there is also 
a high concentration of endocannabinoid receptors [10], points to a 
role for cannabinoids in symptom management.

Nabiximols (Sativex®, GW Pharmaceuticals) oromucosal spray is 
a complex botanical mixture containing balanced quantities of Δ- 9- 
tetrahydrocannabinol and cannabidiol, along with other cannabinoid 
and non- cannabinoid components [12]. Nabiximols' mechanism of 
action involves mimicking the effects of endogenous endocanna-
binoids at cannabinoid CB1 and CB2 receptors [13]. In Europe and 
other world regions, nabiximols is indicated as add- on treatment for 
symptom improvement in adult patients with moderate to severe MS 
spasticity who have not responded adequately to conventional oral 
anti- spasticity medications and who demonstrate clinically signifi-
cant improvement in spasticity- related symptoms during an initial 
trial of therapy [14]. European guidelines reflect the positioning of 
nabiximols for symptomatic management of MS spasticity [15– 18]. 
Evidence that nabiximols can ameliorate simultaneously occurring 
MS spasticity- related symptoms would not only support the concept 
of the recently described ‘spasticity- plus syndrome’ [10, 11], but also 
simplify the approach to symptomatic management of MS patients 
in daily practice, potentially reducing the risks associated with poly-
pharmacy [19].

The spasticity 0– 10 numeric rating scale (NRS) [20] is widely 
used to assess MS spasticity evolution during treatment with nabixi-
mols. Improvement from baseline in NRS scores of ≥20% at 4 weeks 
(initial response) and ≥ 30% (clinically relevant response) at subse-
quent time points are the thresholds required to continue treatment. 
However, the NRS does not take into account spasticity- associated 
symptoms, which may influence patients' overall perception of their 
muscle stiffness.

The Italian Medicines Agency (Agenzia Italiana del Farmaco 
[AIFA]) uses monitoring registries to track patient eligibility and en-
hance appropriate use of certain pharmaceutical products in their 
approved indications [21]. From 2013 to 2020, AIFA required that 
all MS patients eligible to begin add- on treatment with nabiximols 
oromucosal spray be enrolled in an ad hoc prospective e- Registry 

that reflected approved prescription criteria: age ≥18 years with 
moderate to severe MS spasticity (0– 10 NRS score ≥ 4) not respond-
ing adequately to current anti- spasticity medication. Recording of 
spasticity 0– 10 NRS scores in the e- Registry was required to initi-
ate and renew prescriptions. Patients who failed to achieve ≥20% 
NRS improvement after a 4- week trial period of nabiximols (non- 
responders) were deemed to discontinue treatment.

Previous analyses of AIFA e- Registry data have reported on the 
effectiveness and safety of nabiximols during the first 6 months 
of treatment [22], discontinuation rates by 6 weeks [23] and 
18 months [24] after treatment start, and the effect of nabiximols 
on MS spasticity- related symptoms during the first 4 weeks of 
treatment [25]. The current AIFA e- Registry analysis was under-
taken to assess the relationship between a change in MS spasticity 
severity (measured on the NRS) and the presence of spasticity- 
associated symptoms for up to 18 months in nabiximols- treated 
patients, and to investigate the existence of the spasticity- plus 
syndrome.

METHODS

Design and setting

This retrospective, multicenter, observational study in a routine 
outpatient setting analyzed prospective data reported in the AIFA 
e- Registry for Italian adult patients with moderate to severe MS 
spasticity who were treated with nabiximols for symptom improve-
ment. Exclusion criteria for nabiximols treatment were: severe car-
diovascular diseases; history of psychiatric diseases; use of street 
cannabis and/or other psychoactive drugs; and/or a MS spasticity 
NRS score < 4. Patients were enrolled consecutively in the AIFA e- 
Registry at the start of nabiximols treatment (baseline) and followed 
prospectively. Data collection time points were at scheduled clinic 
visits: baseline, 4 weeks, and 3, 6, 12 and 18 months after treatment 
start. At all centers, clinical evaluations were performed by highly 
experienced neurologists. Patients were treated in accordance with 
the approved nabiximols label [14] and standards of good clinical 
practice.

Baseline demographic and clinical data on patients' age, gen-
der, MS type, MS duration, Expanded Disability Status Scale (EDSS) 
score, MS spasticity- related symptoms, and nabiximols doses were 
provided by the e- Registry and supplemented as required by pa-
tients' medical records. MS spasticity 0– 10 NRS evolution and treat-
ment discontinuations (numbers and reasons) were analyzed based 
on data recorded and stored in the e- Registry at each scheduled 
clinical evaluation.

Study population

The study population was derived from the same AIFA e- Registry 
database as reported in previously published analyses [22– 25].
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Effectiveness analyses

Responder rates were calculated as the proportion of patients with 
an improvement of ≥20% or ≥30% from baseline in their MS spas-
ticity 0– 10 NRS score, as measured on the day of the clinic visit. 
Additional effectiveness measures assessed at each time point 
were: absolute mean ± standard deviation (SD) MS spasticity 0– 10 
NRS scores and relative (%) and absolute mean ± SD changes from 
baseline in MS spasticity 0– 10 NRS scores; presence (yes/no) of MS 
spasticity- associated symptoms (bladder dysfunction, clonic move-
ments, mood disorders, pain, sleep disturbances, spasms/cramps, 
trigeminal neuralgia); and total number of MS spasticity- associated 
symptoms.

Nabiximols dose

At each assessment time point, the mean ± SD number of daily 
sprays of nabiximols was calculated based on data recorded in the 
e- Registry. The first few weeks of nabiximols treatment included the 
titration phase as per the approved label [14].

Statistical analyses

Data were analyzed for all patients enrolled in the AIFA e- Registry 
who initiated treatment with nabiximols. No sample size calculation 
was necessary.

Continuous variables are described as mean ± SD or median and 
range (min– max), and categorical variables as counts (n) and per-
centages (%). The presence or absence of reported MS spasticity- 
associated symptoms was summarized using shift (frequency) tables 
of baseline versus each assessment time point. An analysis of cova-
riance model was used to estimate the change from baseline in total 
number of symptoms at Week 4 in non- responders and responders 
to nabiximols using responder criterion rates (≥20% and ≥30%) as a 
factor and baseline number of symptoms as a covariate.

To account for missing data, the non- responder imputation 
method was used for changes in MS spasticity 0– 10 NRS scores 
when treatment had been discontinued due to lack of effectiveness 
or adverse events (imputed as 0% change), but not for cases where 
reasons for discontinuation were ‘other’ or ‘unknown’. The last ob-
servation carried forward (LOCF) method was used to impute miss-
ing data for frequency of MS spasticity- associated symptoms.

All analyses were performed using SAS version 9.4 (SAS Institute 
Inc).

Ethics statement

The study was approved by the Policlinico- Vittorio Emanuele 
(Catania, Italy) Ethics Committee (number 37/2015/PO) and by the 
Ethics Committees of other participating centers. As the study was 

observational and data were fully anonymized, no written patient 
consent was required (according to Italian law).

RESULTS

The AIFA e- Registry data were retrieved and analyzed for 1138 
patients who began treatment with nabiximols between January 
2015 and June 2018 at 32 large MS centers across Italy. Baseline 
demographic and clinical characteristics are summarized in Table 1. 
Patients' mean age was 51.5 years, 54.6% were female and most 
(66.9%) had secondary progressive MS. The mean disease duration 
since MS diagnosis was 19.8 years, the mean spasticity 0– 10 NRS 

TA B L E  1  Baseline demographic and clinical characteristics

Characteristic
Total population 
(n = 1138)

Age, years 51.5 ± 9.8

Female n (%) 621 (54.6)

Disease duration since MS diagnosis, yearsa 19.8 ± 10.5

Range, years 1.0– 67.0

Disease durationa n (%)

<5 years 20 (2.0)

5 to <10 years 124 (12.4)

10 to <15 years 181 (18.1)

15 to <20 years 244 (24.4)

≥20 years 431 (43.1)

MS course typeb n (%) 1137 (100.0)

Relapsing– remitting 193 (17.0)

Secondary progressive 761 (66.9)

Primary progressive 183 (16.1)

0– 10 Expanded Disability Status Scale scorec 6.5 ± 1.16

Range (score) 2.0– 9.5

Spasticity 0– 10 NRS 7.8 ± 1.25

Median (range) 8.0 (4.0– 10.0)

MS spasticity- associated symptoms at baseline, n (%)

Pain 437 (38.4)

Sleep disturbances 372 (32.7)

Spasms/cramps 324 (28.5)

Bladder dysfunctiond 203 (17.8)

Clonic movements 185 (16.3)

Mood disorderse 87 (7.6)

Trigeminal neuralgia 17 (1.5)

Data are expressed as mean ± SD, unless otherwise stated.
Abbreviations: N, number of patients; NRS, numeric rating scale; MS, 
multiple sclerosis; SD, standard deviation.
an = 1000.
bn = 1137.
cn = 1136.
dUrinary incontinence/urgency or urinary retention.
eSymptoms of affective instability (e.g., sadness, anxiety).
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score was 7.8 ± 1.25, and the mean EDSS score was 6.5 ± 1.16. The 
most common MS spasticity- associated symptoms present at base-
line were pain (38.4%), sleep disturbances (32.7%), spasms/cramps 
(28.5%), bladder dysfunction (17.8%), and tonic/clonic movements 
(16.3%).

Over the 18- month evaluation time frame, 633 patients (55.6% 
of the initial sample) discontinued nabiximols. Reasons for discon-
tinuation were recorded for 588 (92.9%) of these cases and re-
lated mainly to ineffectiveness (63.6%) or adverse events (30.4%). 
Approximately one- third (34.9%) of patients with data at all assess-
ment time points continued nabiximols treatment at 18 months 
(Table 2).

The evolution of mean MS spasticity 0– 10 NRS scores from 
baseline to 18 months is shown in Figure 1. The mean baseline 0– 10 
NRS score was reduced by 24.6% at 4 weeks. In treatment con-
tinuers, the mean baseline 0– 10 NRS score was reduced by 31.6% 
at 3 months and by 33.8% at 6 months (33.8%), then remained 
stable. At 18 months, the mean MS spasticity 0– 10 NRS score in 
treatment continuers was 5.1 ± 1.23. Absolute changes from base-
line in mean MS spasticity 0– 10 NRS scores were − 1.9 ± 1.24, 
−2.5 ± 1.04, −2.7 ± 1.08, −2.7 ± 1.17, and − 2.6 ± 1.24 at 4 weeks 
(n = 1138, responders and non- responders), 3 months (n = 760), 
6 months (n = 653), 12 months (n = 473), and 18 months (n = 397), 
respectively. Applying the non- responder imputation method for 
discontinued cases due to lack of effectiveness or adverse events, 
the estimated changes from baseline in mean MS spasticity 0– 10 
NRS scores were − 1.9 ± 1.24, −1.7 ± 0.04, −1.6 ± 1.56, −1.3 ± 1.58, 
and − 1.1 ± 1.53 at 4 weeks (n = 1138, responders and non- 
responders), 3 months (n = 1103), 6 months (n = 1081), 12 months 
(n = 996), and 18 months (n = 933), respectively.

The mean nabiximols dose was 6.6 sprays/day (95% confi-
dence interval [CI] 6.46– 6.75) at Week 4 (n = 1060) and decreased 

incrementally at successive time points in treatment continuers. 
At 18 months, the mean dose was 5.9 sprays/day (95% CI 5.68– 
6.16) in 313 patients with dosage data from baseline to month 18 
(Figure 1).

MS spasticity responder rates at assessment time points up 
to 18 months are shown in Table 3. Approximately three- quarters 
(76.8%) of patients were initial responders (≥20% NRS improvement) 
to nabiximols at Week 4. The ≥20% responder rate in treatment con-
tinuers exceeded 90% at 3, 6, 12 and 18 months. At 4 weeks, 36.1% 
of initial responders were also clinically relevant responders (≥30% 
NRS improvement). Corresponding ≥30% responder rates in treat-
ment continuers were 53.7%, 60.5%, 62.0% and 60.2% at 3, 6, 12 
and 18 months, respectively. Applying the non- responder imputa-
tion method, an estimated 38.9% and 25.6% of evaluable patients 
(n = 933) achieved ≥20% and ≥30% NRS improvement, respectively, 
after 18 months' treatment with nabiximols. No relevant differences 
in mean spasticity NRS ≥ 20% and ≥ 30% response rates were ob-
served according to MS type, MS disease duration or gender sub-
groups (data not shown).

Approximately one- third of patients (n = 378) discontin-
ued nabiximols between the first and third month of treatment 
(Table 3), but although fewer of those who had achieved 30% 
NRS improvement. At 18 months, the discontinuation rate was 
31.1% for ≥30% responders compared with 55.6% for the overall 
sample.

At baseline, a total of 1625 MS spasticity- associated symp-
toms were present in 625 patients (54.9% of the sample), equating 
to a mean of 1.43 symptoms/patient in the overall cohort and 2.6 
symptoms/patient among those reporting one or more symptom. 
The mean number of MS spasticity- associated symptoms per pa-
tient in the overall sample decreased from 1.43 ± 1.54 at baseline 
(n = 1138) to 0.96 ± 1.10 at 4 weeks (n = 1137) and was 1.02 ± 0.97 
at 18 months in treatment continuers with available symptoms data 
(n = 179), corresponding to mean decreases of 33% and 29%, re-
spectively. At baseline, pain was frequently clustered with sleep dis-
turbances (250/437; 57.2%) and spasms/cramps (192/437; 43.9%). 
Among patients reporting symptoms at baseline, 52 (7.9%) had all 
four of the most common MS spasticity- related symptoms (i.e., pain, 
sleep disturbances, spasms/cramps, and bladder dysfunction) pres-
ent (Figure 2). Pain was the most common MS spasticity- related 
symptom at Week 4 but, compared with baseline, was clustered with 
sleep disturbances (103/375; 27.5%) and spasms/cramps (68/375; 
18.1%) in fewer patients (Figure 3).

Resolution rates for MS spasticity- associated symptoms pres-
ent at baseline are shown in Table 4. At 4 weeks, symptom resolu-
tion rates were highest for spasms/cramps (182/324; 56.2%), clonic 
movements (87/185; 47.0%), and sleep disturbances (149/372; 40%). 
Symptom resolution rates at 18 months among treatment continu-
ers with available symptoms data (n = 179) ranged from 75.3% 
for spasms/cramps to 48.4% for mood disorders. Applying LOCF 
methodology to this group, estimated symptom resolution rates 
at 18 months ranged from 61.3% (spasms/cramps) to 23.1% (mood 

TA B L E  2  Treatment discontinuation at 18 months (N = 1138)

Outcome, n (%)

Treatment discontinuation 633 (55.6)

Reason for discontinuation (n = 588a)

Ineffectiveness 374 (63.6)

Adverse event(s) 179 (30.4)

Other 35 (6.0)

Subjects (with no missed visits) maintaining treatment over time

Baseline 1138 (100.0)

4 weeks 1138 (100.0)

3 months 760 (66.8)

6 months 653 (57.4)

12 months 473 (41.6)

18 months 397 (34.9)

Abbreviations: N, number of patients.
aReasons for discontinuation were not recorded (missing/unknown) for 
45 (7.1%) discontinued cases.
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disorders). No relevant differences in symptom resolution rates 
were observed in either analysis according to MS type, MS disease 
duration or gender subgroups (data not shown).

At Week 4, the mean change from baseline in total number of 
symptoms present was numerically but not significantly greater in 
≥20% NRS responders (−0.54; 95% CI −0.60 to −0.48) than in non- 
responders (−0.23; 95% CI −0.30 to −0.17); and in ≥30% NRS re-
sponders (−0.65; 95% CI −0.75 to −0.56) than in non- responders 
(−0.37; 95% CI: −0.42 to −0.31). Patients who achieved ≥20% or 
≥30% improvement in MS spasticity during nabiximols treatment 
reported more MS spasticity- associated symptoms per patient at 
baseline than non- responders (Table 5).

DISCUSSION

This large real- world evidence study based on an independent Italian 
e- Registry of patients with MS spasticity starting treatment with na-
biximols oromucosal spray aimed to assess the relationship between 
evolution in MS spasticity severity and the presence of spasticity- 
associated symptoms. AIFA e- Registry data were analyzed for 1138 
patients at time points from 4 weeks up to 18 months after treat-
ment start. The study extends the findings of a previous AIFA e- 
Registry analysis which reported improvement in spasticity- related 
symptoms at 4 weeks after the start of nabiximols treatment, includ-
ing in patients who had not reached the ≥20% NRS response thresh-
old [25].

Baseline demographic and clinical characteristics of patients 
were typical of advanced MS populations with regard to age, gender, 
MS disease duration and MS disease type. At baseline, patients had 
severe spasticity (mean 0– 10 NRS score of 7.8) and moderately se-
vere disability (EDSS score of 6.5), although the baseline prevalence 
of MS spasticity- associated symptoms was lower than that reported 
in other European epidemiological studies [2– 5], possibly due to the 
unsolicited nature of real- world data collection.

The discontinuation rate of 55.6% at 18 months was similar to 
that reported in a previous AIFA e- Registry analysis involving 1502 
patients (48.3% at 72 ± 3 weeks) [24], with most discontinuations 
occurring within 3 to 6 months of treatment start. Consistent with 
the findings of several other multicenter, observational studies of 
nabiximols for MS spasticity [26– 32], the main reasons for treatment 

F I G U R E  1  Evolution of mean multiple sclerosis (MS) spasticity 0– 10 numeric rating scale (NRS) scores and mean dosages during 
nabiximols treatment [Colour figure can be viewed at wileyonlinelibrary.com]

TA B L E  3  Improvement (≥20% and ≥30%) in 0– 10 multiple 
sclerosis spasticity numeric rating scale (NRS) scores during 
nabiximols treatment (observed cases)

Evaluation 
timepoint N

≥20% NRS 
improvement

≥30% NRS 
improvement

n (%)

4 weeks 1138 874 (76.8) 411 (36.1)

3 months 760 711 (93.6) 408 (53.7)

6 months 653 619 (94.8) 395 (60.5)

12 months 473 443 (93.7) 293 (62.0)

18 months 397 363 (91.4) 239 (60.2)

Abbreviations: N, number of patients; NRS, numeric rating scale.
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discontinuation in our analysis were lack of effectiveness and/or ad-
verse events.

Most patients showed rapid improvement in spasticity sever-
ity, as indicated by the 24.6% reduction in the mean 0– 10 NRS 
score (from 7.8 to 5.9) after 4 weeks of treatment. More than 
three- quarters of patients (76.8%) achieved ≥20% improvement 

in MS spasticity at Week 4 (threshold for continued treatment), 
which is comparable to initial responder rates reported in the 
SAVANT (Sativex® as add- on therapy versus further optimized 
first- line ANTispastics) randomized controlled trial [33] and in sev-
eral observational studies of nabiximols [26, 27, 29– 32]. Our clini-
cal experience suggests that this level of improvement in spasticity 

F I G U R E  2  Venn diagram of common 
multiple sclerosis spasticity- associated 
symptoms at baseline [Colour figure can 
be viewed at wileyonlinelibrary.com]

F I G U R E  3  Venn diagram of common 
multiple sclerosis spasticity- associated 
symptoms at Week 4 [Colour figure can 
be viewed at wileyonlinelibrary.com]
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severity can relieve muscle rigidity, spasms and associated symp-
toms while maintaining sufficient muscle tone to facilitate mobil-
ity and improve daily functioning, which is highly important from 
the patient's perspective [34]. By Week 4, 36.1% of patients had 
already achieved a clinically relevant ≥30% NRS improvement, 
and approximately 60% of treatment continuers maintained ≥30% 
NRS improvement from 6 months onwards. Not surprisingly, ≥30% 
NRS responders were less likely to discontinue treatment. No rele-
vant differences were observed in mean spasticity NRS ≥20% and 
≥30% response rates according to subgroup analyses by MS type, 
MS disease duration or gender.

The mean number of MS spasticity- associated symptoms 
present at baseline decreased by 33% at Week 4 and by 29% at 
18 months in treatment continuers. Pain, the most common asso-
ciated symptom at baseline, was frequently clustered with sleep 
disturbances and spasms/cramps, supporting the concept of a 
spasticity- plus syndrome. At 18 months, symptom resolution rates 
in treatment continuers with available symptoms data were ≥50% 
for all associated symptoms including pain. Although patients 
without full symptom resolution during nabiximols treatment may 
have experienced symptomatic improvement, these data are not 
available since the AIFA e- Registry records only the presence of 
symptoms and not changes in symptom severity. Previous random-
ized clinical trials have documented improvements in spasticity- 
associated symptoms such as pain severity, spasms severity, and 
sleep disruption concomitant to improvements in MS spasticity 
[33, 35, 36], and were the basis for the conceptual proposal of the 
spasticity- plus syndrome. No relevant differences were observed 
for symptom resolution rates according to MS type, MS disease 
duration or gender.

At Week 4 of nabiximols treatment, the total number of MS- 
spasticity associated symptoms was reduced irrespective of 
whether or not patients had achieved ≥20% or ≥30% improvement 
in their MS spasticity 0– 10 NRS score, although reductions were 
numerically greater in NRS responders. It is interesting to con-
sider that even patients whose skeletal muscle rigidity does not 
improve to the ≥20% or ≥30% threshold can experience improve-
ment in MS spasticity- related symptoms. Future investigations of 
nabiximols might consider evaluating progress with reference to 
the broader spasticity- plus syndrome, which encompasses evolu-
tion in all MS spasticity- associated symptoms [10, 11] rather than 
the single symptom of spasticity. Moreover, nabiximols- related 
improvement of associated symptoms soon after treatment ini-
tiation may facilitate dose adjustments (reduction or discontin-
uation) of concomitant medications specifically targeting other 
spasticity- associated symptoms, for example, oxybutynin for 
bladder dysfunction, although this requires confirmation in well- 
controlled clinical trials.

The mean nabiximols dose was 6.6 sprays/day at Week 4 and de-
creased gradually but progressively to 5.9 sprays/day at 18 months in 
treatment continuers. Other longer- term observational clinical prac-
tice studies have reported doses in the same range (~6– 7 sprays/day) 
[28, 32, 37], which is approximately 1– 2 sprays/day lower than daily TA
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doses reported in randomized clinical trials of nabiximols which used 
a trial of therapy design and set the maximum dosage at 12 sprays/
day [33, 38].

The study is limited by its retrospective daily- life practice de-
sign and frame, although this is mitigated to some extent by having 
used the prospective AIFA e- Registry as the primary data source. 
Mandatory documentation of scheduled clinic visits at 4 weeks and 
every 3 months after the start of nabiximols treatment allowed us 
to collect data for the same primary endpoint from each center at 
similar time points. To minimize the impact of missing data at as-
sessment time points, we applied non- responder imputation or 
LOCF methods. Nevertheless, data quality is a core consideration 
in observational studies. Unlike NRS spasticity evolution, reporting 
of MS spasticity- associated symptoms in the e- Registry was not 
compulsory. This may have resulted in under- reporting, especially if 
symptoms were mild or moderate, as suggested by the relatively low 
baseline prevalence of certain symptoms (e.g., bladder dysfunction) 
in our patient cohort despite considerable disability (EDSS score 
6.5). Other limitations are the lack of data on comorbidities (not col-
lected in the e- Registry) and the lack of data about the type, dose 
and duration of other symptomatic treatments (e.g., pregabalin, ben-
zodiazepines, gabapentin, alpha blockers, antidepressants) besides 
nabiximols. As such, we cannot confirm whether symptom amelio-
ration was due to nabiximols or to a change in concomitant medi-
cations. Moreover, dichotomous reporting of the presence/absence 
of MS spasticity- associated symptoms offers no insight into possi-
ble changes in the severity of symptoms still present after starting 
nabiximols treatment. Consideration should be given to quantifying 
the severity of spasticity- associated symptoms in future research. 
The disappearance (or amelioration) of symptoms such as spasms, 
pain, sleep disturbances, and bladder dysfunction during nabiximols 
treatment does not prove but rather suggests an association with 
spasticity. This relationship, and the ability of nabiximols to alleviate 
symptoms along with spasticity, remains to be demonstrated in well- 
controlled clinical trials.

In conclusion, this analysis of real- world AIFA e- Registry data in a 
large number of patients showed that nabiximols improves MS spas-
ticity often in conjunction with amelioration of spasticity- associated 
symptoms, supporting the notion of a syndrome. Publications which 
introduced the concept of a spasticity- plus syndrome described a 
frequent clustering of spasticity, spasms/cramps and pain, which 
was also observed in our patient cohort.

Overall, the analysis indicated that nabiximols responders can 
achieve a relevant and durable improvement in MS spasticity as 
well as resolution or improvement of many MS spasticity- associated 
symptoms at stable doses of around 6 sprays/day. The finding that 
symptom resolution may be more pronounced in patients with a 
higher symptom burden at treatment start is worthy of further in-
vestigation. As improvement in MS spasticity and associated symp-
toms resolution did not appear to depend on MS type, MS disease 
duration or gender, nabiximols is suitable for use in a wide range 
of MS patients. It is interesting to consider that early detection of 
spasticity- plus syndrome components may simplify management 
and potentially limit polypharmacy in MS patients. Further pro-
spective and, where possible, randomized controlled studies with 
detailed tracking of MS spasticity- associated symptom severity 
are warranted to advance the symptomatic management of MS. 
Importantly, additional insight from the patient's perspective must 
be gathered about the effectiveness of nabiximols on spasticity- 
associated symptoms.
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