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Abstract

Introduction Multiple sclerosis (MS) is a highly symptomatic disease, with a wide range of disabilities affecting many bodily
functions, even in younger persons with a short disease history. The availability of a cannabinoid oromucosal spray (Sativex)
for the management of treatment-resistant MS spasticity has provided a new opportunity for many patients.

Objective Our study aimed to assess the cost effectiveness of Sativex in Italian patients with treatment-resistant MS spastic-
ity. The analysis was based on the real-world data of a large registry of Italian patients.

Methods A cost-utility analysis was conducted using data collected prospectively from an electronic registry of all patients
who began to use Sativex for MS-resistant spasticity between January 2014 and February 2015 in 30 specialized MS units
across Italy and were followed up for <6 months. Data on drug consumption and spasticity/utility were used to estimate
the incremental cost-effectiveness ratio (ICER) of Sativex, as compared with no intervention. No costs or spasticity/utility
changes were assumed for no treatment intervention. The ICER was expressed as quality-adjusted life-years (QALYs) gained,
using the Italian NHS perspective and a 6-month time horizon.

Results Sativex effectiveness and consumption was estimated analyzing data of 1350 patients from the registry. These
patients reported a mean (SD) utility increment of 0.087 (0.069) after 1 month of treatment, 0.118 (0.073) after 3 months’
treatment and 0.127 (0.080) after 6 months’ treatment. The 6-month cost of treating the entire population with Sativex was
€1,361,266, with a €1008 cost and 0.0284 QALY gained per patient. The estimated ICER was €35,516 per QALY gained,
with little variability around the central estimate of cost-effectiveness, as shown by the cost-effectiveness acceptability curve.
Conclusion The use of Sativex could improve the quality of life of patients with a reasonable incremental cost resulting
as a cost-effective option for patients with MS-resistant spasticity. These results could help clinicians and decision makers
to develop improved management strategies for spasticity in patients with MS, optimizing the use of available resources.

The Members of the SA.FE. study group are listed in 1 Introduction
acknowledgements section.
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Our study provided empirical evidence of Sativex cost
effectiveness based on real-world data.

The use of Sativex could improve the quality of life of
patients with a reasonable increment of costs

Sativex demonstrated an ICER of €35,516 per QALY
gained, resulting as a cost-effective intervention in
patients with MS-resistant spasticity.

costs per patient-year for mild, moderate, and severe MS
were €22,800; €37,100; and €57,500, respectively; as previ-
ously mentioned, the loss of productivity was the main cost,
with the proportion of unemployed patients around 50%, if
considering only working-age patients [5].

The availability of DMTs since 2000 has had a great
impact on the management of MS, reducing disease progres-
sion [8]. Further, improved diagnostic criteria have enabled
earlier diagnosis and treatment [9]. This has led to costs
shifting, and now, DMTs represent the main cost driver for
patients with a low level of disability [5]. However, DMTs
have reduced inflammatory activity and slowed disease pro-
gression but with no impact on existing impairments; conse-
quently, most of the management for patients with M'S must
focus on optimizing function and controlling symptoms [3,
10, 11]. Indeed, MS is a highly symptomatic disease with a
wide range of disabilities affecting many bodily functions,
even in younger persons (aged <35 years), with a short dis-
ease history [12, 13]. Appropriate symptom management is
essential to improve rehabilitation and to promote well-being
[3, 13, 14].

The availability of 9-8-tetrahydrocannabinol and can-
nabidiol (THC:CBD) oromucosal spray (Sativex) for the
management of treatment-resistant MS spasticity opened a
new opportunity for many patients [4, 15—17]. Our study
aimed to assess the cost effectiveness of Sativex in Italian
patients with treatment-resistant MS spasticity. The analysis
was based on the real-world data of a large registry of Ital-
ian patients.

2 Methods

This study compared the Sativex treatment with “no treat-
ment” option in MS patients with resistant spasticity. The
no treatment comparator was selected based on the lack
of other effective treatment for MS patients with resistant
spasticity.
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To reach the objective of the study, we assessed the
Sativex treatment efficacy and consumption in MS patients
with resistant spasticity from the Italian Sativex Regis-
try. This is a mandatory registry established by the Italian
Medicines Agency (AIFA) to verify the effectiveness and
tolerability of Sativex in clinical practice and to apply the
payment by results and cost-sharing agreement between the
manufacturer and the Italian National Health Service (NHS).
All patients treated in Italy with Sativex must be included
in the Registry, otherwise the Italian NHS not pay for the
treatment.

Patients were consecutively included in the registry at the
start of Sativex treatment (baseline) and followed up over
6 months, with data collection at baseline, and after 4, 12
and 24 weeks [16]. The registry reported demographical and
clinical history data, MS spasticity [0—10 numerical rating
scale (NRS)] data, MS physical disability [Expanded Dis-
ability Status Scale (EDSS)], Sativex treatment (tolerability,
daily dose/number of puffs per day, clinical response and
discontinuation).

Based on the Sativex registry follow-up, we performed
a cost-effectiveness analysis using a 6-month time horizon
from the Italian NHS perspective and a cost (€) per quality-
adjusted life year (QALY) gained as outcome. No costs and
outcome discount rates were applied due to the time horizon
shorten than 1 year.

2.1 Population

From the mandatory AIFA prospective electronic registry,
we retrieved data for all patients who began using Sativex for
MS-resistant spasticity between January 2014 and February
2015 in 30 specialized MS units across Italy and were fol-
lowed up for <6 months.

The inclusion criteria in the AIFA registry was patients
with MS, aged > 18 years, from moderate-to-severe spas-
ticity (NRS score >4) and not responding to common and
ongoing antispastic drugs [16]. Exclusion criteria were
severe cardiovascular diseases, history of psychiatric dis-
eases, use of street cannabis and/or other psychoactive drugs
[16].

2.2 Effects

The analysis compared two treatments option: (1) Sativex
treatment and (2) No treatment. The treatment effectiveness
was reported as QALYSs, estimated based on the correlation
(“mapping”) between utility value and the NRS score.

The Sativex treatment effectiveness was estimated, ana-
lyzing the 1-month, 3-month and 6-month NRS scores
reported by the patients in the AIFA registry. For the “No
treatment” option, we applied the NRS score estimated at
baseline in the AIFA registry to all 6-month periods. This
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is a reasonable approach because with no expected clinical
improvement considering the resistance shown to the previ-
ous treatments by the patients included in the registry and
the lack of other effective intervention other than Sativex.

The NRS scores estimated from the AIFA registry was
transformed in utility value following the correlation (“map-
ping”) between EQ-5D utility value and the NRS score
reported by Svensson and colleagues [18]. This study was
selected because it reported the most robust methodological
approach in the literature estimating the regression coeffi-
cients adjusting for age, sex, and EDSS (data available in our
registry), thus providing the net expected effect of changes in
utility associated with changes in the spasticity NRS.

The use of “mapping” techniques to link the outcomes
from different measures of health or health-related quality
of life (HRQOL) is a well-established and frequently used
approach in health economics evaluations, especially in cost-
utility analyses of health technologies [19-22]. These meth-
ods are useful when the studies estimate the effectiveness of
interventions without collecting health-related utility data
[20-22]. In addition, when we need the utility values esti-
mated by a specific preference-based measure, the mapping
approach can be used to link to health-related utility values
for that instrument by using outcomes obtained from other
measures/instruments [20, 21]. An example is provided by
the United Kingdom, where the National Institute for Health
and Clinical Excellence (NICE) accept to map to, or predict,
the health-related utility values of EQ-5D data, even where
other measures have been collected [20, 22].

To estimate QALY in our study, we partitioned obser-
vation time into intervals according to the spasticity NRS
assessment points. We calculated QALY gained as the
product of time (between two assessments) and the change
in utility associated with a change in the spasticity NRS
adjusting for the patient’s EDSS (estimated using the coef-
ficient of Svensson and colleagues) [18]. To calculate time
appropriately, we used the actual recorded time between the
two assessments and assumed the change in the spasticity
NRS (and consequently in utility) to be linear. Svensson and
colleagues estimated that there would be a utility gain of
0.0505 for each decrease in a spasticity NRS point. The full
equation used to estimate the utility at each time point was:

Utility = 0.9229 — NRS X (—0.0505) — 0.0293(EDSS 5.0)
— 0.3417(EDSS 5.5) — 0.1305(EDSS 6.0)
—0.2521(EDSS 6.5) — 0.3353(EDSS 7.0)

— 0.5260(EDSS 7.5) — 0.8124(EDSS 8.0)
— 0.9408(EDSS 8.5) — 0.7648(EDSS 9.0)

We cumulated all QALY gained during each period to
compute the overall per-patient QALY gained. After treat-
ment discontinuation, we assumed no further utility gains.
Treatment discontinuation was assumed, for each patient,

after the last visit with efficacy data reported. The approach
selected gave the possibility to link the treatment consump-
tion to its efficacy.

2.3 Cost

We computed costs from the perspective of the Italian NHS
and expressed them in Euros (€2017). Our analysis was lim-
ited to drug costs, based on the number of puffs documented
in the registry. The ex-factory cost for a puff of Sativex was
€1.47, and this cost did not include the initial treatment costs
of the non-responder patients based on the access scheme for
Italian patients (payment by results agreement between the
Italian Medicines Agency and the manufacturer) [23]. For
the “No treatment” intervention we assumed a cost of €0,
because no treatment was provided.

Other healthcare costs were not computed, as they were
not collected in the AIFA registry. As for increased health-
care and social costs incurred by patients with more severe
spasticity, our assumption can be considered conservative
based on the NRS improvement associated only with Sativex
treatment [18]. After treatment discontinuation, we assumed
no further costs.

2.4 Cost-Effectiveness Analysis

For every single patient included in the AIFA registry, we
computed the treatment cost and QALY's as the sum of costs
incurred during the observation time, and the improvement
in NRS score expressed as QALYs. For the “No treatment”
option we assumed a 6-month cost of €0 and no utility
change compared to the value estimate at baseline in the
AIFA registry. The difference in costs and QALY's between
the two treatment options included in our analysis was
used to assess the cost effectiveness estimating the ICER
expressed as € per QALY gained.

2.5 Sensitivity Analysis

The uncertainty in our analysis was related to the costs and
QALY gained associated with the Sativex treatment and
estimated for each patient using the AIFA registry data.
Based on the availability of patient level data, we calculated
the cost-effectiveness acceptability curve (CEAC) using
standard sampling-resampling bootstrapping techniques to
include the variability associated with the ICER reported by
the population included in the study as performed by Olivieri
et al [24, 25]. To estimate the CEAC, we also included the
parameter uncertainty of Svenson et al mapping equation;
the standard errors associated with each equation coefficient
are reported in Supplementary Table 1. This analysis was
performed sampling 1000 times the equation coefficients,
assuming a normal distribution for all coefficients, and
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Table1 Clinical and demographic data of cohort included in the
cost-effectiveness analysis (N=1350)

Parameter Value
Male (n, %) 635 (47.0)
Female (n, %) 715 (53.0)
Age (years, mean +SD) 50.9 (9.6)
Disease duration (years, mean + SD) 17.7 (8.6)
Baseline EDSS (median, IQR) 6.5 (6.0-7.0)
NRS score T0, baseline (mean, SD) 7.5(1.5)
NRS score T1, baseline (mean, SD) 5.8 (1.6)
NRS score T2, baseline (mean, SD) 5.1(1.6)
NRS score T3, baseline (mean, SD) 4.8 (1.7)
Dose, puffs number T1 (mean, SD) 6.8 (2.5)
Dose, puffs number T2 (mean, SD) 6.5 (2.6)
Dose, puffs number T3 (mean, SD) 6.3 (2.8)

EDSS expanded disability status scale, IQR interquartile range, NRS
numerical rating scale, SD standard deviation

performing the sampling-resampling bootstrapping for each
of the 1000 value of Svenson et al equation coefficients.

3 Results

Of the 1615 patients included in the AIFA registry, 1350
were included in our analysis to estimate the Sativex costs
and effectiveness. Two hundred sixty-five patients were
excluded because they did not report information on the
treatment efficacy and/or consumption. The mean (SD) age
was 50.9 (9.6), and 47.0% were male (Table 1). A differ-
ence was found while comparing the baseline score with
the NRS score values determined at different time points

Fig. 1 Utility changes during 0.160
follow-up. Comparison between
baseline utility value and each
follow-up visit. CI confidence
interval, A T1-TO difference
between T1 and TO utility 0.120
values; A T2-TO difference
between T2 and TO utility
values; A T3-TO difference
between T3 and TO utility
values

0.140

0.100

0.080

0.060

Utility change (mean, 95% Cl)

0.040

0.020

0.000
AT1-T0 (N=1,350)
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for the remaining patients. The mean (SD) NRS score was
7.5(1.5)at TO, 5.8 (1.6) at T1, 5.1 (1.6) at T2, and 4.8 (1.7)
at T3 (Table 1).

A mean (SD) utility increment of 0.087 (0.069) was
reported at T1 (n=1350) (Fig. 1). The 3-months visit (T2)
was performed by 853 patients, with a utility increment of
0.118 (0.073) compared to TO. While the 6-month visit (T3)
was achieved by 558 patients, with a utility increment of
0.127 (0.080) compared to TO (Fig. 1).

The analysis of the medication consumption showed
a mean (SD) number of puffs per day of 6.8 (2.6) at T1
(Table 1). A reduction of medication consumption was
reported at T2 and T3, with a mean (SD) number of puffs
per day of 6.5 (2.6) and 6.3 (2.8) respectively (Table 1). The
analysis of the Staivex treatment showed a mean (SD) cost
per patient-month of €302.0 (111.1) at T1, with a slightly
reduction to €294.0 (109.0) at T2, and to €288.1 (111.4)
at T3. The majority of patients reporting a monthly cost
between €250 and €350 in all 3 time periods of follow-up
(Fig. 2). The overall cost of treating the entire population
with Sativex was €1,361,266 during the 6 months of the
study, and the total number of QALYs was 235.4 for the
whole population treated. During the 6-month analysis, the
mean (SD) estimated cost was €1008.3 (378.8) per patient
and 0.1744 (0.0658) QALYs (Table 2). In the “No treat-
ment” option, the 6-month cost was €0 per patient and the
mean (SD) estimated QALY was 0.1460 (0.0551). Based
on the Sativex and “No treatment” QALY's and cost differ-
ences, the cost-effectiveness analysis provided an ICER of
€35,516 per QALY gained, with little variability around the
central estimate of cost effectiveness, as shown by the cost-
effectiveness acceptability curve (Fig. 2). The probability
of Sativex to be the cost-effective option at a willingness

AT2-T0 (N=853) AT3-T0 (N=558)
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to pay (WTP) threshold of €40,000 per QALY gained was
virtually 100%.

250
1

200
1

4 Discussion

150
1

MS is associated with an early age of onset and a significant
impact on HRQoL [6, 8]. This condition requires life-long,
coordinated treatment and management [6, 8]. The chronic
and degenerative characteristics of MS produced substan-
tial economic burden on individuals, healthcare systems,
5 100 260 300 400 500 and society [5, 6]. Within the relevant social and economic
G SRR ) impact of MS symptoms, spasticity is associated with high
costs, with annual costs per patient that increase with the
levels of severity [2, 18, 26, 27]. Key factors associated with
high annual costs per patient with MS and spasticity are (1)
home care costs; (2) hospital admissions; and (3) high cost
items [3, 28].

Our study showed, in real clinical practice, how the use of
Sativex could improve the management of patients with MS
and resistant spasticity, resulting in a cost-effective interven-
tion. Based on the cost-effectiveness analysis results, Sativex
reported an ICER of €35,516 per QALY gained compared to

: : the “No treatment” option, with little variability around the
o 100 ofs?%er patient/:r;r?(?nth © 400 500 ICER central estimate. Further, the probability of Sativex
to be a cost-effective option at a WTP threshold of €40,000
per QALY gained was virtually 100%. The ICER estimated
was under the WTP threshold of €40,000 per QALY gained
that is considered acceptable by leading regulatory agencies
such as NICE-UK, AHRQ-USA, and CADTH-Canada [29]
and is under the WTP of €60,000 per QALY gained used in
Italy [25, 30].
Previous model-based cost-effectiveness studies reported
extremely diverse results, with Sativex cost-effectiveness
profile ranging from cost savings to no cost-effective savings
[31]. A recent review of the cost and benefits of cannabis-
0 100 200 300 400 500 based medicines for the management of MS reported that
Cost per patient/month (€) . . . . .

Sativex was a cost-effective option in four of the five studies

retrieved. These studies were based on decision analytical
Fig.2 Cost per patient-month distribution during the time between =~ model simulations and were conducted using healthcare set-
the follow-up visits: a TO-T1, b T1-T2, and ¢ T2-T3 tlng from Spain [32]’ Germany [32], Italy [33], Wales [34]’
and UK [35] healthcare settings. In the studies where Sativex
resulted in cost effectiveness, the ICERs reported were
€4968 (Italy), £10,891 (Wales), and €11,214 (Germany)

Number of Patients
100
1

50
1

0

100 150 200 250
1 1 1 1

Number of Patients

50
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L

Table 2 Cost-effectiveness analysis results. Costs and QALY's are reported per patient-6 months

Treatment Total costs (€) A Total costs (€) QALYs A QALYs ICER?
No treatment 0 - 0.1460 - -
Sativex 1008.34 1008.34 0.1744 0.0284 35,516

ICER incremental cost-effectiveness ratio, QALY quality-adjusted life-year
*ICER reported as € per QALY gained
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per QALY gained and dominant (less expensive and more
effective) in the Spanish analysis. The study conducted in the
UK reported an ICER of £49,257, with Sativex considered
not cost effective. Apart from applying the different costs
to each healthcare system for the different elements consid-
ered, discrepancies were mainly attributable to the models’
assumptions (effect onset, effect duration, number of puffs
per day, etc.) that is understandable due to the scarce or lack
of observations. Our study provided real-world evidence on
Sativex cost effectiveness for patients with MS who have
moderate-to-severe spasticity that is resistant to common
anti-spasticity drugs (Fig. 3).

Our cost-effectiveness analysis was conducted on real-
world patient-level data from a national registry, and it was
not based on decision analytical model simulations. The
choice of not performing an analysis based on a decision
model, that gives the possibility to simulate a longer time
horizon, is reasonable considering the type of treatment
evaluated. Sativex is indicated to treat spasticity and related
symptoms associated with MS and not to modify the pro-
gression of the diseases. This treatment reports an effect on
patients’ spasticity when the drug is taken, with no other
relevant effects when the treatment is administrated for a
time period as short as 6 months [36]. Based on this consid-
eration, assessing the effect and cost of 6 months’ treatment
with Sativex was a reliable approach to understand its cost
effectiveness in the first period of administration and help
clinicians and decision makers to understand the value of
starting a treatment with Sativex in patients with treatment-
resistant MS spasticity. However, further analyses with clini-
cal and cost data based on a longer follow-up are necessary
and helpful to understand the cost effectiveness of Sativex
administrated for a longer period.

Fig.3 Cost-effectiveness 1
acceptability curve for Sativex.
WTP willingness to pay in €

0.8
0.7
0.6

0.5

Proability to be cost effective

0.3

0.2

0.1

Our study had some limitations that should be discussed.
First, the utility values were estimated based on a mapping
analysis [18, 21]. Estimating a utility value based on data
collected directly from the EQ-5D questionnaire is the most
robust approach. However, using indirect estimations of util-
ity value based on a mapping approach is a well-established,
reliable and accepted method [20-22]. Further, the data used
for our analysis were the best found in the literature to esti-
mate a utility value based on the NRS score, because the
regression coefficients calculated in the mapping analysis
were simultaneously adjusted for EDSS, providing a net
expected effect of changes in utility associated with changes
in the spasticity NRS score. However, other MS symptoms
not included in the regression analysis would have biased the
relationship between spasticity and HRQoL in the mapping
analysis. Secondly, we included only the cost associated with
Sativex. This apprach can be considered conservative due
to the higher cost (home care cost, hospital admissions, and
high-cost items) associated with MS patients with uncon-
trolled and severe spasticity [3, 28]. Considering the Sativex
efficacy in controlling and reducing spasticity, including
the other direct costs could made the cost effectiveness of
Sativex even better. Finally, in the study we assumed no
costs or utility value change for the “No treatment” alterna-
tive option, as done in similar previous studies conducted in
other medical condition (e.g. psoriasis, psoriatic arthritis)
[25]. The assumption of no reduction in utility value for “No
treatment” option was a conservative approach; considering
that the population included in the study was patients with
uncontrolled and resistant MS spasticity.
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5 Conclusion

Patients with MS who have moderate-to-severe spasticity
experience high economic and societal issues. The use of
Sativex could improve the spasticity control and severity,
providing a better quality of life in these patients with a
reasonable increment of costs. Our analysis showed the cost
effectiveness of Sativex in patients with MS-resistant spas-
ticity in the first 6 months of treatment. These results may
help clinicians and decision makers in implementing more
effective management strategies for MS-associated spastic-
ity, optimizing the use of available resources. New economic
analyses, using data collected over a longer time horizon and
including all costs data, are needed to show the cost effec-
tiveness of long-term treatment with Sativex.
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