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Disease-modifying therapy usage in patients with multiple sclerosis in France: a 6-year population-based study
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Background: Most data regarding the use of disease-modifying therapies (DMTs) in multiple sclerosis (MS) comes from clinical series or regional databases that have a risk of recruitment bias. French health administrative data offers the significant advantage of being extensive in regards to both MS population coverage and DMT prescriptions.

Objectives: To describe patterns of DMTs usage at the level of the entire French population of MS patients from 2010 to 2015.

Methods: MS patients were identified during a 6-year study period via the French national health data system (covering 97% of the general population) and characteristics of patients who received at least one treatment were compared to those that never received treatment over the indicated period. A state sequence analysis was performed to study in a longitudinal way MS patients who started DMTs in 2010 and then to classify them into groups of similar therapeutic patterns. DMTs were categorized into firstline, second-line and off-label use, and included untreated periods for at least six months. Groups that were obtained were described and compared using a multinomial logistic regression.

Results: A total of 112,415 patients with MS were identified, of whom 54.0% received at least one DMT over the 6 years. The probability of being treated significantly decreased with age. Comorbidities and physical limitations appeared to be more frequent in not treated patients than in treated patients.

Significant differences were also found between the two groups regarding the use of healthcare services (hospitalizations and visits to general practitioner, neurologist and nurse). Based on the 6-year therapeutic sequences, a four-cluster typology was obtained on the 4,474 patients who started a DMT in 2010. The first group which consisted of more than half of the patients (57.0%) mainly used first-line DMTs. The second group (13.1%) represented patients with second-line DMTs whereas the third group (7.3%) was comprised of off-label users and the last group (22.6%) was composed of MS patients who received no or minimal treatments. Classification into one of these groups was associated with patient's age, long-term disease status, pregnancy occurrence, estimated level of disability, levels of care (visits to a neurologist, nurse and/or physiotherapist and hospital/rehabilitation stays) and occurrence of death.

Conclusions:

The exhaustive population-based dataset from the French national health data system gave the opportunity to provide a detailed description regarding the use of DMTs for MS at national level.

The innovative method of state sequence analysis allowed obtaining four homogeneous groups of patients among thousands of longitudinal therapeutic sequences. The predominant place of first-line treatments was confirmed even if the type of first-line treatments has probably changed since 2015.

Introduction

Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system which affects 2.8 million people worldwide [START_REF] Walton | Rising prevalence of multiple sclerosis worldwide: Insights from the Atlas of MS, third edition[END_REF] . There is currently no cure for MS, however, around 15 diseasemodifying therapies (DMTs) which are only prescribed by neurologists in France are now available [START_REF] Vargas | Tyor WR Update on disease-modifying therapies for multiple sclerosis[END_REF] with the purpose of reducing the occurrence of relapse and delaying disability progression. DMTs can be classified according to their order in the therapeutic strategy (first-line, second-line and off-label use) or by their mode of administration (subcutaneous injections, intravenous infusions and oral pills) [START_REF] Vermersch | Chapitre 17. Traitements de fond et leurs complications[END_REF] . As first-line treatments, beta-interferon or glatiramer acetate are administered by injection and delivered via pharmacy, and two oral treatments (dimethyl fumarate and teriflunomide) have been marketed in 2014. Other treatments, even if not MS-specific, may be prescribed with an off-label use such as azathioprine, methotrexate, and mycophenolate mofetil. For active MS with many relapses or for when a first-line treatment is not effective, a second-line treatment can be proposed. Administered orally, fingolimod is the only second-line treatment distributed at pharmacies. Natalizumab, alemtuzumab, cyclophosphamide and mitoxantrone are administered intravenously or orally in hospitals.

Increasing numbers and varieties of DMTs have led neurologists to modify treatments when needed for cases such as safety concerns or therapeutic failure. Discontinuation of a treatment may also be related to a patient's choice for convenience or for family planning. Regardless, these recent therapeutic advances have led to major changes in the attitude of patients and neurologists toward drug prescriptions [START_REF] Elsisi | Expenditure, Utilization, and Cost of Specialty Drugs for Multiple Sclerosis in the US Medicaid Population, 2008-2018[END_REF] .

Previous studies about DMTs in France were mainly effectiveness studies and came from clinical regional or national data with a lack of descriptive data about use of DMTs over time. In that context, the French health insurance database offers the opportunity to get a national population-based overview, on a large number of patients without any risk of recruitment bias but with a lack of clinical data. The primary objective of this study was to describe therapeutic sequences in MS patients from the treatment initiation in 2010 to the end of follow-up in 2015. The secondary objective was to describe characteristics of treated and never-treated MS patients over the 6-year period.

Materials and methods

Data source

Data from the French national health data system (Système National des Données de Santé; SNDS) [START_REF] Tuppin | Value of a national administrative database to guide public decisions: From the système national d'information interrégimes de l'Assurance Maladie (SNIIRAM) to the système national des données de santé (SNDS) in France[END_REF] was used which is an administrative database and covers about 97% of the general French population. It contains exhaustive individual data regarding the reimbursement of ambulatory healthcare procedures such as doctor consultations, biological tests and drug prescriptions. It also includes patient hospital activity (inpatient/outpatient visits), demographics data, general insurance coverage, universal health insurance plans (Couverture Maladie Universelle (CMU) which applies to specific low-income people) and medical characteristics such as long-term disease (LTD) which entitles a patient to 100% reimbursement for all medical costs. Individuals on the system are identified by a unique anonymized personal identifier. Ethical and data access approvals for the present study were obtained in accordance with applicable French legislation.

Study population

People with MS were identified from 2010 to 2015 using a three-criterion algorithm proposed by the French health insurance system [START_REF] Foulon | Prevalence and mortality of patients with multiple sclerosis in France in 2012: a study based on French health insurance data[END_REF] . Subjects were considered as having MS if they met at least one of the following criteria: (i) having at least one reimbursement for an MS-specific DMT (including betainterferon, glatiramer acetate, fingolimod, natalizumab, teriflunomide or dimethyl fumarate); (ii) having an active LTD status for MS, or (iii) having at least one hospital admission with a diagnosis of MS based on the International Classification of Diseases, 10 th version (ICD-10) G35 diagnosis code 7 . The date of MS identification was defined as the earliest date between the date of admission into LTD status for MS (potentially before 2010), the first date of hospitalization for MS or the first date of DMT prescription from 2010 to 2015 8 . To estimate some study inclusion parameters, data was extracted for the years from 2007 to 2015.

Firstly, the overall MS population was considered before focusing on MS patients who started a DMT in 2010 and had no DMT prescription over the period from 2007 to 2009. This was done to ensure a sixyear follow up for each patient over the period from 2010 to 2015 and to get the opportunity to explore their therapeutic patterns in a longitudinal way.

Data

Patients were considered as treated if they had at least one delivery of beta-interferon, glatiramer acetate, fingolimod, natalizumab, teriflunomide, dimethyl fumarate, azathioprine, methotrexate or mycophenolate mofetil over the study period. Neither mitoxantrone, nor cyclophosphamide and alemtuzumab were considered since they were not available in the hospital data. DMTs were grouped according to their level in therapeutic strategy: first-line (glatiramer acetate, beta-interferon, teriflunomide and dimethyl fumarate), second-line (natalizumab and fingolimod) and off-label use (mycophenolate mofetil, methotrexate and azathioprine). Only DMT treatment cessation of at least six months was considered.

The following patient characteristics were identified: gender, age at the start of the study (2010), region of residence, occurrence of death, insurance coverage (including CMU), LTD status and pregnancy occurrence. Pregnancies were identified through their outcome based on the last hospital stay for birth or abortion (diagnosis and/or medical procedures) which were derived from hospital databases or the last reimbursement transaction for a non-hospital medical abortion [START_REF] Blotière | Development of an algorithm to identify pregnancy episodes and related outcomes in health care claims databases: An application to antiepileptic drug use in 4.9 million pregnant women in France[END_REF] . The Charlson Comorbidity Index, adapted for French administrative databases [START_REF] Bannay | The best use of the Charlson comorbidity index with electronic health care database to predict mortality[END_REF] , was calculated based on data from the 12 months preceding the date of MS identification and categorized as a four-level score (0, 1-2, 3-4, ≥5). This score was found to predict the 1-year mortality [START_REF] Charlson | A new method of classifying prognostic comorbidity in longitudinal studies: Development and validation[END_REF] and was used here to approximate the general health status.

Patients were classified as missing if 12 months of data were not available.

In terms use of healthcare services, visits with general practitioners (GPs), neurologists, nurses and physiotherapists were considered. Hospitalizations in medicine, surgery and obstetrics wards (MSO) and rehabilitation wards (REHAB) were also analyzed. Hospitalizations corresponding to DMT injections were excluded from these analyses. Outpatient consultations performed in hospitals were also included and assigned by default to the GP category when the medical specialty was missing.

An approximated level of disability was computed based on prescriptions of technical aids at inclusion and categorized as follows: mild if the patient never had a technical aid, moderate if the patient had at least one prescription for a walking stick, walker or wheelchair, and severe if the patient had at least one prescription of a medical bed, a patient lift or an anti-pressure ulcer mattress.

Statistical analysis

Patients in the overall population who took at least one DMT over the study period were compared to patients who never received DMT using the Wilcoxon or Pearson chi-square tests when applicable. A multivariate logistic regression including parameters related to demographics and use of healthcare services was also performed. After that, a state sequence analysis [START_REF] Abbott | Sequence Analysis and Optimal Matching Methods in Sociology: Review and Prospect[END_REF][START_REF] Studer | Discrepancy Analysis of State Sequences[END_REF][START_REF] Roux | Use of state sequence analysis for care pathway analysis: The example of multiple sclerosis[END_REF] (SSA) was performed among the subgroup of patients who initiated a DMT in 2010 (without DMT from 2007 to 2009) to identify groups of similar patterns regarding the use of DMTs over the six-year time frame.

The general principle of SSA is to compare sequences regarding to the succession of their states. The term "sequence" referred to the entire individual therapeutic pathway and states were defined as the level in the therapeutic strategy of the DMTs prescribed. The four following states were considered: first-line, second-line, off-label use and no treatment. The time unit in the sequence was chosen as monthly, therefore, data was managed to assign one of these four states for each patient and each month.

When different states could be assigned to the same month, the first occurring state was considered. For periods without treatment of less than six months, the preceding state was assigned. An additional fifth state which was coded non-attributed (NA) was used for the states following the occurrence of death. This procedure created right-truncated sequences and avoided the creation of a specific cluster dedicated to patients who died. All patients had the same sequence length of 72 months, except for right-truncated sequences.

After creating individual therapeutic sequences, a two-by-two comparison of sequences was performed using the optimal matching (OM) method to measure dissimilarity between each couple of sequences [START_REF] Studer | What matters in differences between life trajectories: a comparative review of sequence dissimilarity measures[END_REF][START_REF] Robette | Harpoon or bait? A comparison of various metrics in fishing for sequence patterns[END_REF] . The matrix of substitution costs was estimated empirically using the transition rates observed in the dataset [START_REF] Biemann | Analyzing Sequence Data: Optimal Matching in Management Research[END_REF][START_REF] Gabadinho | Analyzing and Visualizing State Sequences in R with TraMineR[END_REF] . The dissimilarity matrix was used to cluster sequences and to create a typology of homogeneous patterns of DMT use with an agglomerative hierarchical clustering method using the Ward criterion [START_REF] Dlouhy | Optimal matching analysis in career research: A review and some best practice recommendations[END_REF] . The optimal number of clusters was chosen using the fall in inertia. All grouped sequences were visually presented on an index plot [START_REF] Dlouhy | Optimal matching analysis in career research: A review and some best practice recommendations[END_REF] .

Once the clusters were obtained, they were described and compared using a Kruskal-Wallis test, a Pearson chi-square test, or a Fisher exact test, where appropriate. A multinomial logistic regression [START_REF] Hosmer | Applied Logistic Regression[END_REF] was also performed. All computational and statistical analyses were performed with R v3.4.3 software [START_REF] Core | R: A language and environment for statistical computing[END_REF] . The sequence analysis and the clustering used the TraMineR library 2.2-0.1 [START_REF] Gabadinho | Analyzing and Visualizing State Sequences in R with TraMineR[END_REF] and the WeightedCluster library v1.4 [START_REF] Studer | WeightedCluster Library Manual: A practical guide to creating typologies of trajectories in the social sciences with R[END_REF] .

Results

Comparison of treated to untreated patients

Among the 112,415 patients identified as having MS in France, 54.0% received at least one DMT over the period. The most prescribed DMT was beta-interferon for more than half of treated patients, followed by glatiramer acetate which was prescribed for one quarter of these patients. The evolution in the use of DMTs from 2010 to 2015 is presented in Figure 1. The impact of the arrival of new oral treatments on the market is observable from 2012 for fingolimod, and from 2014 for dimethyl fumarate and teriflunomide. Use of DMTs over the study period differed somewhat between various French regions (Figure 2).

Figure 1 and 2 here

Number of women among treated patients (72.0%) was slightly higher than untreated patients (69.6%).

Treated patients were significantly younger with a median age in 2010 of 41 years versus 53 years for untreated patients. Accordingly, there was less occurrence of death over the study period in the treated group (1.6%) than in the untreated group (7.8%). The difference in the number of admissions for LTD for MS between the two groups (92.8% for treated patients versus 76.1% for untreated patients) most likely reflected the need for LTD status due to the high costs of DMT treatment. Additional characteristics are presented and compared between the two groups in Table 1 and differences between the two groups from the multivariate logistic regression model are summarized in Figure 3. DMT use was associated with lower age groups because the probability of being treated over the study period decreased significantly with age. Moreover, the Charlson Comorbidity Index and the approximated level of disability showed that health and physical limitations of untreated patients were worse than those of treated patients.

Figure 3 here

In addition, the use of healthcare services over the period was found to be different between the two groups (Table 1). There were more patients with at least one visit to a GP, neurologist or nurse among patients who received at least one DMT, while the number of patients with at least one visit to a physiotherapist was similar in the two groups. Moreover, the number of patients with at least one MSrelated hospitalization in MSO was significantly higher for treated patients (47.2%) versus 29.9% for untreated patients. The same was noted for MS-related hospitalizations in REHAB. However, the length of stay of MS-related hospitalizations per patient in MSO were similar for the two groups but the length of stay of MS-related hospitalizations in REHAB were slightly higher for untreated patients (5.8 days versus 7.2 days per patient-year, in median).

Table 1 here

Identification of homogeneous patterns of DMT use over time

Among treated patients, 4,474 initiated DMTs in 2010 after being untreated from 2007 to 2009. These patients had approximatively the same characteristics as the 60,693 treated patients described previously (Table 2). Among these 4,474 patients, 2,481 different 72-monthly therapeutic sequences were identified and compared. Their partitioning led to a four-cluster typology (Figure 4) which was helpful understanding therapeutic practices. Clearly, Cluster 1 predominantly contained more than half the patients and corresponded to patients who spent most of their follow-up under first-line DMTs with a median of 86.1% of the follow-up. Cluster 2 comprised almost one quarter of the patients who were mostly not treated (83.3% of the follow-up, in median) after a short period with either a first-line DMT or an off-label treatment (median of 12.5 and 13.9% of the follow-up, respectively). Patients in Cluster 3, which represented 7.3% of all the patients, had mainly prescriptions for off-label use treatments with a median of 81.9% of the follow-up. Finally, Cluster 4 represented 13.1% of the patients and most of them were treated by second-line DMTs (65.3% of the follow-up, in median). This period of second-line DMT treatment was preceded, for half of them, by a short first-line DMT treatment period that lasted, in median, only one quarter of the time.

Figure 4 and Table 2 here

Comparison of clusters

Patient characteristics, use of healthcare and DMTs are summarized for each cluster in Table 1. Cluster 1 was chosen as the reference group in the multinomial logistic regression since it comprised the largest part of the study population. Results are presented on Figure 5.

Compared to Cluster 1, patients in Cluster 2 (mainly not receiving DMTs) were older with a median age in 2010 of 44 years versus 38 years old. The approximated level of disability was higher and there were more occurrences of death over the study period in this cluster (4.0% versus 0.4%). There were fewer patients with at least one visit to a neurologist (91.5% versus 96.9%), while the number of patients with at least one visit to a physiotherapist was higher (57.1% versus 49.8%). In accordance, the probability of being in Cluster 2 in comparison to Cluster 1 was associated with higher age and estimated level of disability.

Patients in Cluster 3 (mainly treated using off-label treatments) were significantly older than patients in Cluster 1 (median age of 51 years old versus 38 years old in 2010). The number of patients with a moderate or severe level of estimated disability was also higher (36.9% versus 5.5%) and there were more occurrences of death in this cluster (4.9% versus 0.4%). The number of patients with at least one visit to a neurologist was similar in Clusters 3 and 1, while there were more patients with at least one visit to a physiotherapist in Cluster 3 (79.1% versus 49.8%). The probability of being in Cluster 3 compared to Cluster 1 was thus associated with higher age and estimated level of disability.

Patients in Cluster 4 (mainly on second-line DMTs) were slightly younger than patients in Cluster 1 with a median age of 35 years old. The number of patients who had visited a neurologist was very high (99.5%) and Cluster 4 had the highest rate of MS-related hospitalizations in MSO (80.5%). The probability of being in Cluster 4 compared to Cluster 1 was associated with younger age. Moreover, this probability was higher for patients who had visited a neurologist at least once. 

Discussion

This study allowed a comparison to be made between patients with MS who were treated and untreated patients from 2010 to 2015 and was based upon the entire population of MS patients in France. Our study showed that patients who had not received DMT were older, used less healthcare services, and had a higher estimated level of disability. Some differences were found between French regions in the choice of DMTs over time, but interpretation should be cautious since no adjustment was done and these are crude results.

The primary objective of the study was to describe therapeutic practices among patients who initiated a treatment in 2010 and identify specific patterns of DMT usage. From the 2,481 different 6-year sequences identified among the 4,474 patients, a four-cluster typology was obtained from the state sequence analysis and indicated a correspondence with actual therapeutic practices according to MS phenotypes. Half the patients (Cluster 1) were treated with first-line DMTs that may reflect the most common form of MS, i.e. relapsing remitting MS (RRMS). A proportion of these patients needed to be treated with second-line DMTs due to an aggressive or active MS and/or first-line DMT failure. They were classified into Cluster 4 (13.1%). Cluster 4 also showed patients who directly started with a highly effective DMT, which was probably due to early negative prognostic factors. A small percentage of patients (7.3%), shown in Cluster 3, used off-label treatments which are not approved for MS and most likely corresponded to patients with a progressive form of MS. Lastly, a quarter of patients were not treated (Cluster 2) which was probably due to either the benign form of the disease or the evolved form of their disease which could be the most plausible hypothesis because patients appeared to be older and with higher disability than in the other groups. Moreover, although these patients were not treated during the six year study period, they may have received treatment earlier in the course of the disease, however data was unavailable before 2007.

To our knowledge, there are very few studies conducted on the entire population of MS patients in France that provide such a detailed description of DMT usage. A recent study was conducted in France using the same administrative database to assess real-world use of first-line DMTs in naïve patients with RRMS. Between September 1, 2014 and August 31, 2016, 10,240 patients starting a first-line DMT for RRMS were identified. Two-thirds of patients were mainly treated with oral forms (teriflunomide and dimethyl fumarate) and the other third with interferon and glatiramer acetate [START_REF] Vermersch | An analysis of first-line disease-modifying therapies in patients with relapsing-remitting multiple sclerosis using the French nationwide health claims database from 2014-2017[END_REF] . Another study was carried out between 2013 and 2015 dedicated to self-employer workers (Régime Social des Indépendants, RSI) that represents 6% of the French population [START_REF] Ha-Vinh | Health care services and disease modifying therapies use in community-based multiple sclerosis patients: Evolution from 2013 to 2015 and demographic characteristics[END_REF] . They found a DMT utilization rate increased due to recently developed DMTs (teriflunomide and dimethyl fumarate) while first-generation DMT (beta-interferon) utilization rate decreased. As in our study, they showed that DMT utilization significantly decreased with age and that there were significant variations according to French geographic regions.

In our study, the population came from a nearly exhaustive database of the French general population (97% coverage) with systematic data collection provided by the national health insurance system. It should be noted that neither mitoxantrone, nor cyclophosphamide were available in the database which may lead to misclassification of some patients who started DMT in 2010, however, this should not strongly impact the results since they are rarely prescribed. This population-based data allowed avoiding any recruitment bias and the opportunity to get complete follow-up over the six-year period. This may represent a significant advantage over clinical series or regional databases that may not be populationbased and recruitment through MS expert centers may led to more severe MS patients [START_REF] Debouverie | Earlier disability of the patients followed in Multiple Sclerosis centers compared to outpatients[END_REF] . However, the main limitation of the present study was the lack of clinical data, especially MS-related data such as EDSS (Expanded Disability Status Scale) scores, laboratory data or MRI results because the database was principally designed for administrative functions.

Due to the absence of neurologist-based data collection, several assumptions were required to be made.

The date of MS onset was approximated by the date of MS identification in the database. This approximation did not allow the whole therapeutic sequence from MS onset to be analyzed. This is the reason why therapeutic sequences started to be studied from the first initiation of treatment in 2010.

Since the date of DMT administration was not available (except for natalizumab), the date of delivery from pharmacists was used even if there may have been several days or weeks lag time between delivery and real intake. Moreover, the assumption that patients initiated their first treatment in 2010 was based on the absence of any DMT prescriptions over the period from 2007 to 2009. However, data were not available for some specific insurance plans during this period that indicates that around 10% of patients may have been classified as newly treated in 2010 when in fact they had been previously treated before.

This may have created a limited misclassification bias. Finally, the level of disability was approximated using prescription records for technical aids without knowing the precise applications of such materials. This approximation, however, was mainly based on the purchases of such equipment rather than shortterm rentals that may be caused by limited traumatic events instead of MS. In the same way, the Charlson Comorbidity Index was used to approximate the general health status as it identifies comorbid conditions that alter the risk of 1-year mortality [START_REF] Bannay | The best use of the Charlson comorbidity index with electronic health care database to predict mortality[END_REF][START_REF] Charlson | A new method of classifying prognostic comorbidity in longitudinal studies: Development and validation[END_REF] . This score is based on a list of 17 defined comorbidities and did not take into account all the patient's conditions.

A strength of this study was the use of SSA that is an innovative and flexible method that allows the whole therapeutic sequence to be considered in contrast to conventional approaches that analyze each state independently. Because MS onset dates were not available, the decision was made to start the therapeutic pathway analysis from January 2010 that allowed for the same length and left-aligned sequences except for deceased patients, hence, clustering may not have been driven by the length of the sequences. Furthermore, this work was based on calendar months and, periodically, different states could have been assigned to the same month that probably corresponded to a switch between DMTs. In this case, only the first DMT was considered and the second was considered in the next state. Moreover, the choice was made to consider only treatment cessations lasting at least six months. When precisely considering the months without treatment as a sensitivity analysis, similar clusters were obtained and showed only an 11% discrepancy. This may be explained by the larger number of distinct individual therapeutic sequences; 4,208 different sequences compared to 2,481 initially among the 4,474 patients. Such significant variability highlights the need for appropriate methods of partitioning to determine a relevant typology of therapeutic practices based on thousands of sequences summarized into only four comprehensive homogeneous clusters.

In conclusion, a clustering method on therapeutic sequences on a nationwide level to describe DMT prescriptions over a six year period was applied and four main clusters were found. Overall, more than half the patients (57%) were treated with first-line DMTs, 13% with second-line DMTs (either moving from first-line or starting directly with such highly effective therapies), 7% with off-label treatments and 23% who rapidly stopped treatment. Unfortunately, the dataset used was outdated due to the quickly evolving therapeutic progress in MS treatment. The present analysis is planned to be updated to include data up to 2019 that may offer an opportunity to better characterize current therapeutic practices and may show a potential increasing place of new drugs, such as anti-CD20 and S1P drugs. 
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 1 Figure 1. Characteristics associated with treated status in multiple sclerosis (MS) patients over the period from 2010 to 2015 (N= 112,415)Forest plot of adjusted odds ratios (with 95% confidence intervals) obtained from a multivariate logistic regression analysis
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 2345 Figure 2. Use of multiple sclerosis-specific disease modifying therapies (DMTs) over the period from 2010 to 2015 (n= 60,693)

  

  

  

  p-value comparing the two groups treated with at least one DMT vs. untreated by the Wilcoxon or Pearson's chi-square tests; b Median (q1 -q3); c percentage calculated only for women; d approximated level of disability based on prescription of technical aids; e based on data from the 12 months preceding study entry (if available); f hospitalizations corresponding to DMT injections were excluded. MS = multiple sclerosis; CMU = universal health insurance (Couverture Maladie Universelle); MSO = medicine, surgery or obstetrics; REHAB = rehabilitation; DMT = disease-modifying therapy.

	Physiotherapist	61,332 (54.6%)	32,965 (54.3%)	28,367 (54.8%)	0.076
	At least one hospitalization in MSO, n (%)				
	All diagnoses	92,007 (81.8%)	49,483 (81.5%)	42,524 (82.2%)	0.003
	MS-related f	44,125 (39.3%)	28,643 (47.2%)	15,482 (29.9%)	<0.001
	At least one hospitalization in REHAB, n (%)				
	All diagnoses	27,236 (24.2%)	13,172 (21.7%)	14,064 (27.2%)	<0.001
	MS-related	20,117 (17.9%)	11,235 (18.5%)	8,882 (17.2%)	<0.001
	At least one DMT prescription of, n (%)				-
	Beta-interferon	--	31,871 (52.5%)	--	
	Glatiramer acetate	--	15,329 (25.3%)	--	
	Dimethyl fumarate	--	9,573 (15.8%)	--	
	Fingolimod	--	8,941 (14.7%)	--	
	Natalizumab	--	8,248 (13.6%)	--	
	Teriflunomide	--	7,203 (11.9%)	--	
	Mycophenolate mofetil	--	3,883 (6.4%)	--	
	Azathioprine	--	3,713 (6.1%)	--	
	Methotrexate	--	2,698 (4.4%)	--	
	At least one prescription among, n (%)				-
	First-line	--	48,483 (79.9%)	--	
	Second-line	--	14,154 (23.3%)	--	
	Off-label use	--	9,506 (15.7%)	--	
	Year of treatment start, n (%)				-
	Before 2010	--	32,952 (54.3%)	--	
	2010	--	4,474 (7.4%)	--	
	2011	--	4,477 (7.4%)	--	
	2012	--	4,850 (8.0%)	--	
	2013	--	4,209 (6.9%)	--	
	2014	--	4,401 (7.3%)	--	
	2015	--	5,330 (8.8%)	--	

a

Table 2 .

 2 Characteristics of the four groups of naïve multiple sclerosis (MS) patients obtained by the clustering procedure over the period from 2010 to 2015 (n= 4,474) p-value comparing the four groups by the Kruskal-Wallis, Pearson's chi-square test, or Fisher's exact test; b Median (q1 -q3); c percentage calculated only for women; d approximated level of disability based on prescription of technical aids; e based on data from the 12 months preceding study entry (if available); f hospitalizations corresponding to DMT injections were excluded. MS= multiple sclerosis; CMU= universal health insurance (Couverture Maladie Universelle); MSO= medicine, surgery or obstetrics; REHAB= rehabilitation; DMT= disease-modifying therapy.

	Overall	Cluster 1 "First-line DMTs"	Cluster 2 "Not treated"	Cluster 3 "Off-label use"	Cluster 4 "Second-line DMTs"	p-value a
	4,474 (100.0%)	2,552 (57.0%)	1,011 (22.6%)	325 (7.3%)	586 (13.1%)	

a
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