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Abstract

Background

The efficacy and safety of disease-modifying therapies (DMTs) in multiple sclerosis (MS)
are well known; however, owing to their high costs, determining real-world outcomes is
essential to evaluate the cost-effectiveness of different therapeutic strategies. This study
aimed to investigate the variability in the annual cost of DMTs associated with a relapse-free
patient in a representative population cohort of relapsing-remitting MS (RRMS), and
whether this could serve as an appropriate health indicator.

Methods

We analyzed the patients followed up in our MS clinic during the years 2016 and 2019, and
selected patients belonging to our health district diagnosed with RRMS. The treatment cost
associated with a relapse-free patient was the ratio between the total cost of DMTs and the
number of relapse-free patients, treated and not treated, during the year of the study.

Results

A total of 158 patients with RRMS in 2016 and 183 in 2019 were included in our study. In
2016, 101 patients with RRMS (63.9%) received treatment with DMTs and 120 patients
(75.9%) remained relapse-free. The mean cost of DMTs per patient in 2016 was €7414.3
(95% confidence interval [Cl]: 6325.2—8503.4) considering all the patients (treated and not
treated). In 2019, 126 patients (68.9%) received DMTs and 151 patients (82.5%) remained
relapse-free. The mean cost of DMTs per patient in 2019 was €6985.4 (95% Cl: 5986.9—
7983.9) considering all the patients. The cost per year of DMTs to achieve a relapse-free
patient was €9762.2 in 2016 and €8465.8 in 2019.
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Conclusions

The treatment cost per year to achieve a relapse-free patient was stable during successive
measurements in the same population. Therefore, it may be considered a good real-world
health indicator for patients with RRMS treated with DMTs.

Introduction

Multiple sclerosis (MS) is a chronic autoimmune demyelinating disease of the central nervous
system, which is the most frequent non-traumatic cause of disability among young adults [1].
Therefore, it results in a significant loss in the quality of life of patients as well as their families
and social network, with a consequent huge socioeconomic impact [2].

The cost-of-illness studies conducted in recent years to evaluate the economic burden of
MS [3] have demonstrated a good correlation with disease severity, since higher costs have
been observed in more disabled patients [4, 5]. Although a significant percentage of the eco-
nomic burden in these patients is owing to indirect costs, such as work disability [6], the cost
resulting from the use of disease-modifying therapies (DMTs) has risen significantly over the
past two decades. These pharmacological costs constitute the main expenditure in patients
with mild disability as well as in MS overall. In a study conducted in our MS unit, DMTs
accounted for more than half of the direct costs in the mild and moderate stages of the disease
[7].

Early interventions for MS are of utmost importance in reducing future disability. Thus,
when treating patients, we aim to reduce the severity of the disease in the advanced stages,
which could subsequently reduce the total economic burden of MS. Cost-effectiveness studies
are usually designed mainly to evaluate specific interventions rather than different clinical
management strategies. Owing to the increased cost of DMT's and limited available resources
to healthcare systems, it is essential to assess health indicators in relation to the cost-effective-
ness of therapeutic strategies in a real-world setting. A health indicator is a measure that, usu-
ally employ a ratio that provides comparable information across different populations and/or
over time [8]. In our study, we propose a new health indicator, including not only treated
patients but also untreated patients, in the analysis. Including untreated patients in the health-
care outcome could help evaluate the effect of over- or under-treatment upon comparing the
results among different healthcare providers. Thus, the concomitant costs of relapse-free
patients could be employed as an index of cost-effectiveness.

This study aimed to investigate the variability in the annual cost of DMTs associated with a
relapse-free patient, and whether this, could be an appropriate health indicator for evaluating
the cost-effectiveness of different therapeutic strategies in relapsing-remitting MS (RRMS).

Patients and methods
Study population

This study included patients recruited from the MS clinic of the Hospital Universitari de Bell-
vitge, which is the only center for demyelinating disease in our health district. This district
comprised 201192 inhabitants on December 31, 2016 [9] and 203779 on December 31, 2018,
which are the most recently published data [10]. Our center is located in Barcelona, Catalonia,
northeast Spain. For the present study, patients who visited our MS clinic during 2016 and/or
2019, diagnosed with MS according to the McDonald criteria [11, 12], and belonging to our
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health district were evaluated. Patients diagnosed with RRMS were selected for the analysis
[13]. Patients were classified into two cohorts, the 2016 and 2019 cohorts. Some patients were
eligible for inclusion in both the cohorts.

This study was approved by the Hospital Universitari de Bellvitge Research Ethics Commit-
tee (PR356/21). Patients signed informed consent forms, and data were collected
anonymously.

Clinical outcomes

The clinical data for both cohorts, 2016 and 2019, were prospectively collected in a real-world
setting using the European Database for Multiple Sclerosis (EDMUS) [14]. All the patients
were examined by a qualified neurologist following routine clinical examination at least once
every six months and at the time of relapse. Disease severity was assessed using the Expanded
Disease Status Scale (EDSS) [15] by a certified neurologist (neurostatus.net) [16]. Clinical out-
comes collected in our database included the presence of relapses and worsening of disability
as measured by the EDSS score. Relapse was defined as a new neurological symptom lasting at
least 24 hours accompanied by neurological signs and with the absence of fever or infection.
Worsening of disability was defined as a 1.0-point increase in the confirmed EDSS score at 6
months. Magnetic resonance imaging (MRI) data were retrospectively retrieved from the clini-
cal records of the patients who had undergone routine MRI. All the MRIs scans were previ-
ously evaluated by a qualified neuroradiologist considering new T2 lesions or gadolinium-
enhancing lesions.

The proportion of patients with no evidence of disease activity (NEDA-3) was analyzed
using the MRI data. The NEDA-3 definition used for this study included no relapses, no evi-
dence of a 1.0-point increase in the confirmed EDSS score at 6 months, and no new T2 or gad-
olinium-enhancing lesions on MRI. NEDA-3 was analyzed during the years studied (January
to December 2016 and 2019).

Economic outcomes

The cost of the DMTs for each patient was provided by the Department of Pharmacy of our
center using an anonymized database and was based on the hospital’s acquisition price.

Patients from each cohort were classified into two groups: treated and not treated with
DMTs. The criteria established by the Catalan Health Service (Catsalut), which finances
healthcare in Catalonia, were used for treating the patients. Treated and untreated patients
were further classified into two groups according to the presence or absence of at least one
relapse during the respective years of analysis.

The total cost of DMTs includes the pharmacological costs of all the patients with RRMS,
relapsing patients, and relapse-free patients. The treatment cost associated with a relapse-free
patient was presented as an index calculated as the ratio between the total cost of the DMTs
and the number of relapse-free patients in the entire cohort, treated and untreated patients,
during each year of the study. The same analysis was performed with the data obtained during
2016 and 2019 to evaluate the variability of the index between the two close points in time. The
analysis was performed on the same population under the same clinical circumstances.

Statistical analysis

Statistical analysis was performed to compare the clinical characteristics of the patients and
analyze the costs of DMTs during 2016 and 2019 for the patients with RRMS and in the differ-
ent patient groups. The mean and standard deviation (SD), median and range, and percentage
(%) are used to describe the population characteristics. The mean, SD and 95% confidence
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Table 1. Baseline characteristics of RRMS from the 2016 and 2019 cohorts.
RRMS 2016 cohort n =158 | RRMS 2019 cohort n =183 | p-value

Female, n (%) 112 (70.9) 124 (67.8) 0.533
Age at onset (years), mean (SD) 30.6 (10.9) 31.8 (10.8) 0.323
Disease duration (years), mean (SD) 16.8 (10.8) 16.3 (11.7) 0.659
EDSS, median (range) 2 (0-7.5) 2 (0-7.5) 0.775

RRMS, relapsing-remitting multiple sclerosis; EDSS, Expanded Disability Status Scale.

https://doi.org/10.1371/journal.pone.0267504.t001

intervals (CIs) are used to describe the costs of the DMTs. We performed a sensitivity analysis
of the proposed health indicator by calculating the same index for the values of the 95% CI of
the relapse-free patient proportion in each year. For the univariate analysis, the Pearson chi-
squared test, Student’s test and Mann Whitney U test were performed accordingly. SPSS Statis-
tics for Windows version 20 was used for statistical analysis. A difference of p<0.05 was con-
sidered statistically significant for each comparison.

Results
2016 cohort

A total of 181 patients diagnosed with MS in our health district were observed in our MS unit
during 2016. The hospital-based prevalence of MS is 89.9 per 100 000 inhabitants. Among
these, 158 patients diagnosed with RRMS were included in our study. The patients’ baseline
characteristics are shown in Table 1. One hundred and one patients (63.9% of the cohort, 95%
CIL: 56.2%-71.0%) were treated with DMTs. A description of the DMTs used in 2016 is pro-
vided in Table 2. The number of DMTs did not correspond to the number of treated patients
since 12 patients used two different DMTs in 2016. One hundred and twenty patients (75.9%
of the cohort, 95% CI: 69.3%-82.6%) remained free of relapses during the year, considering
the treated and untreated patients. The disease characteristics and cost of treatment in the dif-
ferent patient groups of the 2016 cohort are shown in Table 3. MRI data were not analyzed in
2016, as fewer than 50% of the patients underwent MRI during the year. Consequently,
NEDA-3 was not analyzed in 2016.

The mean cost of the DMTs per patient in 2016 was €7414.3 (95% CI: 6325.2-8503.4) upon
considering when we considered all the patients with RRMS, treated and untreated. The cost

Table 2. DMTs used by the patients with RRMS from the 2016 and 2019 cohorts.

DMTSs RRMS 2016 cohort (n) 2016 Annual cost (euros) DMTs RRMS 2019 cohort (n) 2019 Annual cost (euros)
Interferon beta 66 578 961 46 345705
Glatiramer acetate 14 91 154 20 63 700
Teriflunomide - - 8 58 000
Dimethyl fumarate 5 26 845 12 96 948
Fingolimod 11 190 982 20 337 040
Natalizumab 15 237 645 15 197 085
Ocrelizumab - - 11 109 615
Rituximab - - 4 10128
Alemtuzumab 2 45 878 1 18 828
Cladribine - - 2 41 288

DMTs, disease-modifying treatments; RRMS, relapsing-remitting multiple sclerosis; n, number of patients treated with DMTs

https://doi.org/10.1371/journal.pone.0267504.t002
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Table 3. Disease characteristics of the 2016 cohort and cost of the DMTs.

Female, n (%)

Age at onset (years), mean (SD)
Disease duration (years), mean (SD)
EDSS, median (range)

Relapse-free patients, n (%)

Treated patients, n (%)

Cost of treatment (€, euros), mean (SD)

Treated (n = 101) Not treated (n = 57) p-value Relapse free (n = 120) >1 relapse (n = 38) p-value

76 (75.2%) 36 (63.2%) 0.108 88 (73.3%) 24 (63.2%) 0.229
30.0 (10.6) 31.9 (11.2) 0.295 31.33 (10.9) 28.5 (10.4) 0.162
15.2 (10.0) 19.8 (11.7) 0.010 17.9 (11.2) 11.5(7.7) <0.001
2(0-7.0) 1.5 (0-7.5) 0.004 2(0-7.5) 2 (0-7) 0.649
68 (67.3%) 52 (91.2%) <0.001 - - -
- - - 68 (56.7%) 33 (86.8%) <0.001
11598.6 (5137.9) - - 6362.2 (6333.8) 10736.71 (7738) 0.001

DMTs, disease-modifying treatments; SD, standard deviation; p, significance level; EDSS, Expanded Disability Status Scale.

https://doi.org/10.1371/journal.pone.0267504.t003

of the patients who had a relapse was greater than the cost of patients who were free of relapses
during 2016. The annual cost of the DMTs to achieve a relapse-free patient was €9762.2, con-
sidering treated and untreated patients. This amount is the result of dividing the total phar-
macy cost (1 171 465 euros) by 120, which was the number of relapse-free patients in 2016.

2016 Annual cost of DMTs associated with a relapse-free patient (€)

= Total cost of DMTs (€) / number of relapse-free patients

=€1 171 465 euros / 120 = €9762.2

2019 cohort

A total of 214 patients belonging to our health district, diagnosed with MS, and who visited
our MS unit in 2019, were selected. The hospital-based prevalence of MS is 105 patients per
100 000 inhabitants. Among the 214 patients, 183 patients had RRMS, who were included in
our study. The baseline characteristics are shown in Table 1.

One hundred and twenty-six patients (68.9% of the cohort, 95% CI: 62.1%-75.6%) were
treated with DMTs during 2019. A description of the DMTs used in 2019 is provided in
Table 2. The number of DMTs did not correspond to the number of treated patients since 13
patients used two different DMTs in 2019. One hundred and fifty-one patients (82.5% of the
cohort, 95% CI: 77%-88%) remained relapse-free during 2019. One hundred and seventy-one
patients did not show an increase in their EDSS (93.4%) in 2019. A total of 144 patients
(78.7%) underwent MRI in 2019; 126 of these (87.5%) had no new T2 lesions or gadolinium-
enhancing lesions; the proportion of patients with NEDA-3 in these 144 patients was 69.4%.

The disease characteristics and cost of treatment in the different patient groups of the 2019
cohort are shown in Table 4.

Table 4. Disease characteristics of the 2019 cohort and cost of the DMTs.

Treated (n = 126) Not treated (n = 57) p-value Relapse free (n = 151) >1 relapse (n = 32) p-value

Female, n (%) 89 (70.6%) 35 (61.4%) 0.216 103 (68.2%) 21 (65.6%) 0.776
Age at onset (years), mean (SD) 31.5(10.9) 32.35(10.4) 0.652 32.1(10.2) 30.3 (13.3) 0.01
Disease duration (years), mean (SD) 14.4 (10.4) 20.5 (13.2) 0.003 17.2 (11.8) 12.1 (10.0) 0.025
EDSS, median (range) 2 (0-7.5) 1.5 (0-7.5) <0.001 2(0-7.5) 2.5 (0-5.5) 0.030
Relapse-free patients, n (%) 99 (78.6%) 52 (91.2%) <0.05 - - -
Treated patients, n (%) - - - 99 (65.6%) 27 (84.4%) <0.05
Cost of DMTs (€, euros), mean (SD) 10145.6 (5993.0) - - 6454.9 (6521.2) 9489.0 (7843.5) 0.022
DMTs, Disease modifying treatments; SD, standard deviation; p, significance level; EDSS, Expanded Disability Status Scale.
https://doi.org/10.1371/journal.pone.0267504.t1004
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The mean cost of DMTs per patient in 2019 was €6985.4 (95% CI: 5986.9-7983.9) when we
considered all patients, relapse-free and relapsing patients as well as treated and not treated
patients. The cost of patients who have had a relapse were greater than the cost of patients free
of relapses during this year. The annual cost of DMTs associated with a relapse-free patient
was €8465.8 euros in 2019.

2019 Annual cost of DMTs associated with a relapse-free patient (€)

= Total cost of DMTs (€) / number of relapse-free patients

=€1278 337 euros / 151 = €8465.8 euros

Comparison of the 2016 and 2019 cohorts

We compared the 2016 and 2019 cohorts that comprised 158 and 183 RRMS patients, respec-
tively. From them, 139 patients were elegible for both cohorts. No differences were found
upon comparing the baseline characteristics of both the cohorts (sex, age at onset, disease
duration or EDSS). A higher proportion of patients were treated with DMT's in 2019 than in
2016, although this did not reach significance (68.9% vs. 63.9%, p = 0.336). No significant dif-
ference was observed between the proportions of relapse-free patients (75.9% in 2016 vs.
82.5% in 2019, p = 0.135). The mean cost of the DMTs considering all the patients with RRMS
was lower in 2019; however, the result was not significant (€6985.4 [95% CI: 5986.9-7983.9] in
2019 versus €7414.3 [95% CI: 6325.2-8503.4] in 2016, p = 0.156). The annual cost incurred to
achieve a relapse-free patient was €9762.2 in 2016 and €8465.8 in 2019. The variability between
2016 and 2019 was 13.28%. The sensitivity analysis of the proposed health indicator was
€8976.06-€10699.29 in 2016 and €7938.01-€9072.01 in 2019.

Discussion

We describe a new health indicator, which is the treatment cost associated with a relapse-free
patient, in the real world of MS. This outcome is the ratio between the annual pharmacological
cost of the DMTs for the entire population and the number of patients who remained relapse-
free each year. In our study, the treatment cost to obtain a relapse-free patient was similar in
the 2016 and 2019 cohorts at €9762.2 and €8465.8, respectively. Therefore, we suggest that the
proposed outcome may be consistent over time, which is of utmost importance concerning
outcome reliability [17]. This indicator increases when the patients are overtreated. In this
case, the total cost of the DMTs would increase with no effect on the number of relapse-free
patients. However, undertreating patients would not cause the new indicator to decrease since
we expected an increase in the number of relapsing patients.

The clinical characteristics of the patients were analyzed to evaluate whether the 2016 and
2019 cohorts were comparable. We found no differences in the clinical characteristics of the
cohorts, which were similar to other published cohorts in the treatment era [18]. We observed
a longer disease duration and lower EDSS score in the untreated patients, probably owing to
the so-called benign MS that may be found in the MS population-based cohorts at different
prevalence rates [19]. The variability in the new health indicator between 2016 and 2019 in our
cohort was approximately 13%. We assumed this variability to be acceptable, since the sensitiv-
ity analysis demonstrated an overlap of the indexes. The comparison was performed within
the same population at two close time points, and with the same therapeutic strategy in both
the cohorts.

Hence, this new health indicator can be used to monitor the adequacy of the treatment
management strategies, such as the well-known dilemma of induction versus escalation [20].
Recent studies comparing Danish and Swedish national treatment strategies, using more effi-
cacious DMT as initial treatment, demonstrated a higher reduction in worsening of disability
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in Sweden [21]. Considering this setting, it would be interesting to evaluate the costs of both
the strategies, and estimate whether they are proportional to efficacy. The indicator we pro-
posed could help compare the treatment strategies. This new indicator possesses the strength
of taking into account untreated patients, avoiding bias between strategies when untreated
patients are not considered. This indicator would also be useful for comparing several health-
care providers during a benchmarking process or for monitoring the effectiveness of the same
healthcare provider over time.

The efficacy of DMTs in the treatment of MS is well known. National health systems could
also use the proposed indicator to evaluate real-world effectiveness and establish the prices of
new drugs. Pharmacological innovations may improve the effectiveness of treatment but with
a disproportionate cost for the healthcare system sometimes. We can assume the effectiveness
of a new drug if it has a higher pharmacological cost than a previous one but it proportionally
increases the number of relapse-free patients.

At the same time, with scarce resources and rising costs of DMT's [22], it is crucial to imple-
ment risk-sharing payment schemes [23]. Studies of treatment effectiveness in routine clinical
practice are limited but are essential to identify meaningful outcomes in this setting [24]. The
proposed cost outcome can help implement the aforementioned schemes [25]. The use of risk-
sharing agreements is gradually becoming established, while at the same time, is believed to
favor the introduction of personalized medicine [26]. An example of a risk-sharing scheme in
MS that has already been introduced involves the use of B-interferon and glatiramer acetate by
the UK National Health Service [27]. Recently, in our area, Catsalut performance-based risk-
sharing agreements [28] have established oncological treatments, as published in other popula-
tions [29]. It is worth noting that one of the performance-linked risk agreements in Catalonia
signed between Catsalut and a pharmaceutical company is for fampridine, which is used in
patients with MS and gait disability.

The strength of our study was that it was a population-based study. The hospital-based
prevalence of MS observed in 2016 and 2019 was representative of the epidemiological popula-
tion-based studies performed in our area. A study carried out in Catalonia demonstrated that
the crude prevalence of MS was 79.9 (95% CI: 66.3-95.6) per 100 000 inhabitants [30], while in
another recently published paper from southeast Spain, the non-adjusted prevalence of MS
was 111.9 (95% CI: 87.7-142.9) cases per 100.000 inhabitants [31]. Considering these results,
we can assume that our hospital-based prevalence was very similar to our expected popula-
tion-based prevalence.

Our study had certain limitations. First, it was conducted in only one center belonging to a
public healthcare system, and thus may not be reproducible in other healthcare systems. Sec-
ond, there was a lack of NEDA-3 analysis in 2016. We evaluated NEDA-3 in a subgroup of the
2019 cohort, but not in 2016, owing to the limited number of patient imaging procedures per-
formed. Nevertheless, this fact made us aware that NEDA-3 was not the best health outcome
for our study, since it could be conditioned by the patients who underwent MRI. Patients with
greater disease activity underwent more imaging tests. Despite this, our analysis demonstrated
a higher percentage of patients with NEDA-3 compared to other published real-world cohorts
[32, 33]. Our cohort may have been more benign owing to its similarity to a population-based
cohort. Notably, NEDA-4 was able to predict MS outcomes better than NEDA-3 [34]. How-
ever, we were unable to analyze NEDA-4 since the changes in brain volume were not routinely
evaluated.

Thus, we were able to address the need to find meaningful and easily measurable result-
based health outcomes [25]. In some studies, cost-based indicators were the focus of research;
however, they were not implemented in clinical practice [35]. Our study demonstrated that
the cost associated with a patient with relapse-free MS for one year is consistent over time.
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Future studies should compare our results with other MS population-based cohorts to analyze
their reproducibility.

Conclusions

In conclusion, the annual treatment cost associated with a relapse-free patient could be a new
health indicator considering its stability in successive measurements in the same population.
Thus, it may be considered a good health indicator for patients with DMTs to help healthcare
decision-makers allocate limited resources.

Acknowledgments

The authors thank Susana Pobla for her technical support. We thank CERCA Programme /
Generalitat de Catalunya for institutional support.

Author Contributions

Conceptualization: Lucia Romero-Pinel, Antonio Martinez-Yélamos, Sergio Martinez-
Yélamos.

Data curation: Lucia Romero-Pinel, Laura Bau, Elisabet Matas, Isabel Ledn, Roser Juvany,
Ramon Jodar.

Formal analysis: Antonio Martinez-Yélamos, Sergio Martinez-Y¢élamos.

Methodology: Lucia Romero-Pinel, Laura Bau, Antonio Martinez-Yélamos, Sergio Martinez-
Yélamos.

Resources: Elisabet Matas, Isabel Leon, Roser Juvany, Ramon Jodar.
Supervision: Antonio Martinez-Yélamos, Sergio Martinez-Yélamos.
Visualization: Lucia Romero-Pinel.

Writing - original draft: Lucia Romero-Pinel.

Writing - review & editing: Antonio Martinez-Yélamos, Sergio Martinez-Yélamos.

References

1. Dobson R, Giovannoni G. Multiple sclerosis—a review. Eur J Neurol. 2019; 26: 27—40. https://doi.org/
10.1111/ene.13819 PMID: 30300457

2. Kobelt G, Thompson A, Berg J, Gannedahl M, Eriksson J. New insights into the burden and costs of
multiple sclerosis in Europe. Mult Scler. 2017; 23: 1123-1136. https://doi.org/10.1177/
1352458517694432 PMID: 28273775

3. Schriefer D, Haase R, Ness NH, Ziemssen T. Cost of lliness in Multiple Sclerosis by Disease Character-
istics—A Review of Reviews. Expert Rev Pharmacoecon Outcomes Res. 2021; 1-19. https://doi.org/
10.1080/14737167.2022.1987218 PMID: 34582300

4. Ernstsson O, Gyllensten H, Alexanderson K, Tinghdg P, Friberg E, Norlund A. Cost of iliness of Multiple
Sclerosis—A systematic review. PLoS One. 2016; 11:e0159129. https://doi.org/10.1371/journal.pone.
0159129 PMID: 27411042

5. Paz-Zulueta M, Paras-Bravo P, Cantarero-Prieto D, Blazquez-Fernandez C, Oterino-Duran A. A litera-
ture review of cost-of-illness studies on the economic burden of multiple sclerosis. Mult Scler Relat Dis-
ord. 2020; 102162. https://doi.org/10.1016/j.msard.2020.102162 PMID: 32442885

6. Gyllensten H, Wiberg M, Alexanderson K, Norlund A, Friberg E, Hillert J, et al. Costs of iliness of multi-
ple sclerosis in Sweden: a population-based register study of people of working age. Eur J Heal Econ.
2018; 19: 435-446. https://doi.org/10.1007/s10198-017-0894-6 PMID: 28488184

7. Casado V, Martinez-Yélamos S, Martinez-Yélamos A, Carmona O, Alonso L, Romero L, et al. Direct
and indirect costs of Multiple Sclerosis in Baix Llobregat (Catalonia, Spain), according to disability. BMC
Health Serv Res. 2006; 6: 143. https://doi.org/10.1186/1472-6963-6-143 PMID: 17078879

PLOS ONE | https://doi.org/10.1371/journal.pone.0267504  April 29, 2022 8/10


https://doi.org/10.1111/ene.13819
https://doi.org/10.1111/ene.13819
http://www.ncbi.nlm.nih.gov/pubmed/30300457
https://doi.org/10.1177/1352458517694432
https://doi.org/10.1177/1352458517694432
http://www.ncbi.nlm.nih.gov/pubmed/28273775
https://doi.org/10.1080/14737167.2022.1987218
https://doi.org/10.1080/14737167.2022.1987218
http://www.ncbi.nlm.nih.gov/pubmed/34582300
https://doi.org/10.1371/journal.pone.0159129
https://doi.org/10.1371/journal.pone.0159129
http://www.ncbi.nlm.nih.gov/pubmed/27411042
https://doi.org/10.1016/j.msard.2020.102162
http://www.ncbi.nlm.nih.gov/pubmed/32442885
https://doi.org/10.1007/s10198-017-0894-6
http://www.ncbi.nlm.nih.gov/pubmed/28488184
https://doi.org/10.1186/1472-6963-6-143
http://www.ncbi.nlm.nih.gov/pubmed/17078879
https://doi.org/10.1371/journal.pone.0267504

PLOS ONE

Cost associated with a relapse-free patient in multiple sclerosis

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

Canadian Insititute for Health Information. https://www.cihi.ca/en/health-indicators.

Dades de poblaci6 de referéncia 2016. CatSalut. https://observatorisalut.gencat.cat/web/.content/
minisite/observatorisalut/ossc_dades_estadistiques/poblacio/poblacio_assegurada_catsalut/fitxers_
estatics/poblacio_assegurada_catsalut_2016.pdf.

Dades de poblacié de referéncia 2018. CatSalut. https://observatorisalut.gencat.cat/web/.content/
minisite/observatorisalut/ossc_dades_estadistiques/poblacio/poblacio_assegurada_catsalut/fitxers_
estatics/poblacio_assegurada_catsalut_2018.pdf.

Polman CH, Reingold SC, Banwell B, Clanet M, Cohen JA, Filippi M, et al. Diagnostic criteria for multiple
sclerosis: 2010 Revisions to the McDonald criteria. Ann Neurol. 2011; 69: 292—-302. https://doi.org/10.
1002/ana.22366 PMID: 21387374

Thompson AJ, Banwell BL, Barkhof F, Carroll WM, Coetzee T, Comi G, et al. Diagnosis of multiple scle-
rosis: 2017 revisions of the McDonald criteria. The Lancet Neurology. 2018; 17: 162—173. hitps://doi.
org/10.1016/S1474-4422(17)30470-2 PMID: 29275977

Lublin FD, Reingold SC, Cohen JA, Cutter GR, Sarensen PS, Thompson AJ, et al. Defining the clinical
course of multiple sclerosis: the 2013 revisions. Neurology. 2014; 83: 278-286. https://doi.org/10.1212/
WNL.0000000000000560 PMID: 24871874

Confavreux C, Compston DAS, Hommes R, Mcdonald WI, Thompson AJ. EDMUS, a European data-
base for multiple sclerosis. J Neurol Neurosurg Psychiatry. 1992; 55: 671-676. https://doi.org/10.1136/
jnnp.55.8.671 PMID: 1527537

Kurtzke JF. Rating neurologic impairment in multiple sclerosis: An expanded disability status scale
(EDSS). Neurology. 1983; 33: 1444—1452. https://doi.org/10.1212/wnl.33.11.1444 PMID: 6685237

Kappos L, D’'Souza M, Lechner-Scott J, Lienert C. On the origin of Neurostatus. Multiple Sclerosis and
Related Disorders. 2015; 4: 182—185. https://doi.org/10.1016/j.msard.2015.04.001 PMID: 26008933

Inojosa H, Schriefer D, Ziemssen T. Clinical outcome measures in multiple sclerosis: A review. Autoim-
mun Rev. 2020; 19: 102512. https://doi.org/10.1016/j.autrev.2020.102512 PMID: 32173519

Cree BAC, Gourraud PA, Oksenberg JR, Bevan C, Crabtree-Hartman E, Gelfand JM, et al. Long-term
evolution of multiple sclerosis disability in the treatment era. Ann Neurol. 2016; 80: 499-510. https://
doi.org/10.1002/ana.24747 PMID: 27464262

Reynders T, D’haeseleer M, De Keyser J, Nagels G, D’hooghe MB. Definition, prevalence and predic-
tive factors of benign multiple sclerosis. eNeurologicalSci. 2017; 37—43. https://doi.org/10.1016/j.ensci.
2017.05.002 PMID: 29260023

Prosperini L, Mancinelli CR, Solaro CM, Nociti V, Haggiag S, Cordioli C, et al. Induction Versus Escala-
tion in Multiple Sclerosis: A 10-Year Real World Study. Neurotherapeutics. 2020; 17: 994—-1004.
https://doi.org/10.1007/s13311-020-00847-0 PMID: 32236822

Spelman T, Magyari M, Piehl F, Svenningsson A, Rasmussen PV, Kant M, et al. Treatment Escalation
vs Immediate Initiation of Highly Effective Treatment for Patients With Relapsing-Remitting Multiple
Sclerosis. JAMA Neurol. 2021; 78: 1197. https://doi.org/10.1001/jamaneurol.2021.2738 PMID:
34398221

Hartung DM. Economics and Cost-Effectiveness of Multiple Sclerosis Therapies in the USA. Neurother-
apeutics. 2017; 1018-1026. https://doi.org/10.1007/s13311-017-0566-3 PMID: 28812229

Antonanzas F, Juarez-Castell6 C, Lorente R, Rodriguez-lbeas R. The Use of Risk-Sharing Contracts in
Healthcare: Theoretical and Empirical Assessments. PharmacoEconomics. 2019; 1469-1483. https://
doi.org/10.1007/s40273-019-00838-w PMID: 31535280

Lage MJ, Carroll CA, Fairman KA. Using observational analysis of multiple sclerosis relapse to design
outcomes-based contracts for disease-modifying drugs: A feasibility assessment. J Med Econ. 2013;
16: 1146—1153. https://doi.org/10.3111/13696998.2013.823868 PMID: 23844620

Garrison LP, Towse A, Briggs A, De Pouvourville G, Grueger J, Mohr PE, et al. Performance-based
risk-sharing arrangements—Good practices for design, implementation, and evaluation: Report of the
ISPOR good practices for performance-based risk-sharing arrangements task force. Value Heal. 2013;
16: 703-719. https://doi.org/10.1016/j.jval.2013.04.011 PMID: 23947963

Antofianzas F, Rodriguez-Ibeas R, Juarez-Castell6 CA. Personalized Medicine and Pay for Perfor-
mance: Should Pharmaceutical Firms be Fully Penalized when Treatment Fails? Pharmacoeconomics.
2018; 36: 733—743. https://doi.org/10.1007/s40273-018-0619-4 PMID: 29450830

Giovannoni G, Brex P, Dhiraj D, Fullarton J, Freddi M, Rodgers-Gray B, et al. Glatiramer acetate as a
clinically and cost-effective treatment of relapsing multiple sclerosis over 10 years of use within the
National Health Service: Final results from the UK Risk Sharing Scheme. Mult Scler J Exp Transl Clin.
2019; 5:205521731989310. https://doi.org/10.1177/2055217319893103 PMID: 31839981

PLOS ONE | https://doi.org/10.1371/journal.pone.0267504  April 29, 2022 9/10


https://www.cihi.ca/en/health-indicators
https://observatorisalut.gencat.cat/web/.content/minisite/observatorisalut/ossc_dades_estadistiques/poblacio/poblacio_assegurada_catsalut/fitxers_estatics/poblacio_assegurada_catsalut_2016.pdf
https://observatorisalut.gencat.cat/web/.content/minisite/observatorisalut/ossc_dades_estadistiques/poblacio/poblacio_assegurada_catsalut/fitxers_estatics/poblacio_assegurada_catsalut_2016.pdf
https://observatorisalut.gencat.cat/web/.content/minisite/observatorisalut/ossc_dades_estadistiques/poblacio/poblacio_assegurada_catsalut/fitxers_estatics/poblacio_assegurada_catsalut_2016.pdf
https://observatorisalut.gencat.cat/web/.content/minisite/observatorisalut/ossc_dades_estadistiques/poblacio/poblacio_assegurada_catsalut/fitxers_estatics/poblacio_assegurada_catsalut_2018.pdf
https://observatorisalut.gencat.cat/web/.content/minisite/observatorisalut/ossc_dades_estadistiques/poblacio/poblacio_assegurada_catsalut/fitxers_estatics/poblacio_assegurada_catsalut_2018.pdf
https://observatorisalut.gencat.cat/web/.content/minisite/observatorisalut/ossc_dades_estadistiques/poblacio/poblacio_assegurada_catsalut/fitxers_estatics/poblacio_assegurada_catsalut_2018.pdf
https://doi.org/10.1002/ana.22366
https://doi.org/10.1002/ana.22366
http://www.ncbi.nlm.nih.gov/pubmed/21387374
https://doi.org/10.1016/S1474-4422%2817%2930470-2
https://doi.org/10.1016/S1474-4422%2817%2930470-2
http://www.ncbi.nlm.nih.gov/pubmed/29275977
https://doi.org/10.1212/WNL.0000000000000560
https://doi.org/10.1212/WNL.0000000000000560
http://www.ncbi.nlm.nih.gov/pubmed/24871874
https://doi.org/10.1136/jnnp.55.8.671
https://doi.org/10.1136/jnnp.55.8.671
http://www.ncbi.nlm.nih.gov/pubmed/1527537
https://doi.org/10.1212/wnl.33.11.1444
http://www.ncbi.nlm.nih.gov/pubmed/6685237
https://doi.org/10.1016/j.msard.2015.04.001
http://www.ncbi.nlm.nih.gov/pubmed/26008933
https://doi.org/10.1016/j.autrev.2020.102512
http://www.ncbi.nlm.nih.gov/pubmed/32173519
https://doi.org/10.1002/ana.24747
https://doi.org/10.1002/ana.24747
http://www.ncbi.nlm.nih.gov/pubmed/27464262
https://doi.org/10.1016/j.ensci.2017.05.002
https://doi.org/10.1016/j.ensci.2017.05.002
http://www.ncbi.nlm.nih.gov/pubmed/29260023
https://doi.org/10.1007/s13311-020-00847-0
http://www.ncbi.nlm.nih.gov/pubmed/32236822
https://doi.org/10.1001/jamaneurol.2021.2738
http://www.ncbi.nlm.nih.gov/pubmed/34398221
https://doi.org/10.1007/s13311-017-0566-3
http://www.ncbi.nlm.nih.gov/pubmed/28812229
https://doi.org/10.1007/s40273-019-00838-w
https://doi.org/10.1007/s40273-019-00838-w
http://www.ncbi.nlm.nih.gov/pubmed/31535280
https://doi.org/10.3111/13696998.2013.823868
http://www.ncbi.nlm.nih.gov/pubmed/23844620
https://doi.org/10.1016/j.jval.2013.04.011
http://www.ncbi.nlm.nih.gov/pubmed/23947963
https://doi.org/10.1007/s40273-018-0619-4
http://www.ncbi.nlm.nih.gov/pubmed/29450830
https://doi.org/10.1177/2055217319893103
http://www.ncbi.nlm.nih.gov/pubmed/31839981
https://doi.org/10.1371/journal.pone.0267504

PLOS ONE

Cost associated with a relapse-free patient in multiple sclerosis

28.

29.

30.

31.

32.

33.

34.

35.

Darba J, Ascanio M. The current performance-linked and risk sharing agreement scene in the Spanish
region of Catalonia. Expert Rev Pharmacoeconomics Outcomes Res. 2019; 19: 743-748. https://doi.
org/10.1080/14737167.2019.1587296 PMID: 30821532

Andersson E, Svensson J, Persson U, Lindgren P. Risk sharing in managed entry agreements—A
review of the Swedish experience. Health Policy. 2020; 404—410. https://doi.org/10.1016/j.healthpol.
2020.02.002 PMID: 32093981

Otero-Romero S, Roura P, Sola J, Altimiras J, Sastre-Garriga J, Nos C, et al. Increase in the prevalence
of multiple sclerosis over a 17-year period in Osona, Catalonia, Spain. Mult Scler J. 2013; 19: 245-248.
https://doi.org/10.1177/1352458512444751 PMID: 22546846

Perez-Carmona N, Gimenez-Martinez J, Borrego-Honrubia C, Sempere AP. Multiple sclerosis preva-
lence and incidence in San Vicente del Raspeig, Spain. Mult Scler Relat Disord. 2019; 33: 78-81.
https://doi.org/10.1016/j.msard.2019.05.022 PMID: 31170564

Rotstein DL, Healy BC, Malik MT, Chitnis T, Weiner HL. Evaluation of no evidence of disease activity in
a 7-year longitudinal multiple sclerosis cohort. JAMA Neurol. 2015; 72: 152—158. https://doi.org/10.
1001/jamaneurol.2014.3537 PMID: 25531931

Huhn K, Senger D, Utz KS, Schmidt M, Frohlich K, Waschbisch A, et al. No evidence of disease activity
status over 3 years in a real-world cohort of relapsing remitting MS patients in Germany. Mult Scler
Relat Disord. 2019; 27: 133—138. https://doi.org/10.1016/j.msard.2018.10.020 PMID: 30384198

Kappos L, De Stefano N, Freedman MS, Cree BACC, Radue EW, Sprenger T, et al. Inclusion of brain
volume loss in a revised measure of “no evidence of disease activity” (NEDA-4) in relapsing-remitting
multiple sclerosis. Mult Scler. 2016; 22: 1297—-1305. https://doi.org/10.1177/1352458515616701
PMID: 26585439

Munsell M, Frean M, Menzin J, Phillips AL. Development and validation of a claims-based measure as
an indicator for disease status in patients with multiple sclerosis treated with disease-modifying drugs.
BMC Neurol. 2017; 17: 106. https://doi.org/10.1186/s12883-017-0887-1 PMID: 28583104

PLOS ONE | https://doi.org/10.1371/journal.pone.0267504  April 29, 2022 10/10


https://doi.org/10.1080/14737167.2019.1587296
https://doi.org/10.1080/14737167.2019.1587296
http://www.ncbi.nlm.nih.gov/pubmed/30821532
https://doi.org/10.1016/j.healthpol.2020.02.002
https://doi.org/10.1016/j.healthpol.2020.02.002
http://www.ncbi.nlm.nih.gov/pubmed/32093981
https://doi.org/10.1177/1352458512444751
http://www.ncbi.nlm.nih.gov/pubmed/22546846
https://doi.org/10.1016/j.msard.2019.05.022
http://www.ncbi.nlm.nih.gov/pubmed/31170564
https://doi.org/10.1001/jamaneurol.2014.3537
https://doi.org/10.1001/jamaneurol.2014.3537
http://www.ncbi.nlm.nih.gov/pubmed/25531931
https://doi.org/10.1016/j.msard.2018.10.020
http://www.ncbi.nlm.nih.gov/pubmed/30384198
https://doi.org/10.1177/1352458515616701
http://www.ncbi.nlm.nih.gov/pubmed/26585439
https://doi.org/10.1186/s12883-017-0887-1
http://www.ncbi.nlm.nih.gov/pubmed/28583104
https://doi.org/10.1371/journal.pone.0267504

