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Introduction

Multiple sclerosis (MS) care management is complex, and a multidisciplinary approach is often required to manage MS effectively. [START_REF] Mckay | Comorbidities Are Associated with Altered Health Services Use in Multiple Sclerosis: A Prospective Cohort Study[END_REF][START_REF] Roux | Use of healthcare services by patients with multiple sclerosis in France over 2010-2015: a nationwide population-based study using health administrative data[END_REF][START_REF] Jones | Quantifying the relationship between increased disability and health care resource utilization, quality of life, work productivity, health care costs in patients with multiple sclerosis in the US[END_REF] However, comprehensive, longitudinal data on care consumption in MS are lacking; [START_REF] Roux | Use of healthcare services by patients with multiple sclerosis in France over 2010-2015: a nationwide population-based study using health administrative data[END_REF][START_REF] Roux | Use of state sequence analysis for care pathway analysis: The example of multiple sclerosis[END_REF][START_REF] Marrie | High rates of physician services utilization at least five years before multiple sclerosis diagnosis[END_REF] studies in this area have been cross-sectional. [START_REF] Pohar | Health status and health care utilization of multiple sclerosis in Canada[END_REF][START_REF] Müller | Real-World Treatment of Patients with Multiple Sclerosis per MS Subtype and Associated Healthcare Resource Use: An Analysis Based on 13,333 Patients in Germany[END_REF][START_REF] Barin | Patterns of care for Multiple Sclerosis in a setting of universal care access: A cross-sectional study[END_REF] Previous studies on differences in care consumption of persons with MS (PwMS) have compared groups defined, a priori, by initial MS course [START_REF] Müller | Real-World Treatment of Patients with Multiple Sclerosis per MS Subtype and Associated Healthcare Resource Use: An Analysis Based on 13,333 Patients in Germany[END_REF] or consultation with a neurologist, [START_REF] Roux | Use of healthcare services by patients with multiple sclerosis in France over 2010-2015: a nationwide population-based study using health administrative data[END_REF][START_REF] Barin | Patterns of care for Multiple Sclerosis in a setting of universal care access: A cross-sectional study[END_REF] or by comparison to the general population. [START_REF] Marrie | High rates of physician services utilization at least five years before multiple sclerosis diagnosis[END_REF][START_REF] Pohar | Health status and health care utilization of multiple sclerosis in Canada[END_REF] Thus patterns of an individual's care over time were not considered. Moreover, the physician specialty was either restricted to general practitioner (GP) and neurologist [START_REF] Müller | Real-World Treatment of Patients with Multiple Sclerosis per MS Subtype and Associated Healthcare Resource Use: An Analysis Based on 13,333 Patients in Germany[END_REF][START_REF] Barin | Patterns of care for Multiple Sclerosis in a setting of universal care access: A cross-sectional study[END_REF] or was not considered at all. [START_REF] Marrie | High rates of physician services utilization at least five years before multiple sclerosis diagnosis[END_REF][START_REF] Pohar | Health status and health care utilization of multiple sclerosis in Canada[END_REF] A recent study from our team accessed longitudinal administrative health data for PwMS in France, but MS-specific clinical data were not available and all health care providers (HCPs) were grouped together. [START_REF] Roux | Use of state sequence analysis for care pathway analysis: The example of multiple sclerosis[END_REF] There remains a major unmet need to understand the combined 'care pathway' of PwMS, including the type, amount and chronology of care.

Using population-based linked clinical and administrative data, this study aimed to identify homogenous clusters demonstrating patterns of care consumption by PwMS without any a priori assumptions about subgroups and only based on care consumption first. Then, this study aimed to characterize these patterns of care consumption using clinical and demographical features to associate them to MS disease phenotypes.

Material and Methods

Design and settings
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We accessed linked health administrative and clinical data in British Columbia (BC), Canada. These databases comprised physician visits (from the Medical Service Plan database, [START_REF]Medical Services Plan (MSP) Payment Information File. V2. Population Data BC[END_REF] with diagnoses identified by International Classification of Disease (ICD-9) codes), hospital admissions (from the Discharge Abstract Database, [START_REF]Discharge Abstract Database (Hospital Separations). V2. Population Data BC[END_REF] with diagnoses identified by ICD9/10 codes), and prescriptions dispensed in outpatient and community pharmacies (from PharmaNet, 11 with medications coded by unique drug identification numbers). We accessed mortality data (from the BC Vital Statistics Agency database), [START_REF]Vital Statistics Deaths[END_REF] residency status in the province (from the BC Ministry of Health's Registration and Premium Billing Files), [START_REF]Consolidation File (MSP Registration & Premium Billing). V2. Population Data BC[END_REF] and MS-specific clinical data (from the BC MS database [BCMS]), [START_REF] Tremlett | New perspectives in the natural history of multiple sclerosis[END_REF][START_REF] Shirani | Association Between Use of Interferon Beta and Progression of Disability in Patients With Relapsing-Remitting Multiple Sclerosis[END_REF][START_REF] Manouchehrinia | Predicting risk of secondary progression in multiple sclerosis: A nomogram[END_REF] for anyone in BC who was diagnosed with MS and had visited one of the 4 original MS clinics in the province The BCMS data provided the date of MS symptom onset, the initial disease course (relapsing or progressive), [START_REF] Lublin | Defining the clinical course of multiple sclerosis: results of an international survey. National Multiple Sclerosis Society (USA) Advisory Committee on Clinical Trials of New Agents in ACCEPTED MANUSCRIPT Multiple Sclerosis[END_REF] the most recent (by the end of follow-up) disease course (including conversion to secondary progressive MS (SPMS), relapse date(s) (for the relapsing-onset PwMS), and disability scores as captured by the Expanded Disability Status Scale (EDSS) [START_REF] Kurtzke | Rating neurological impairment in multiple sclerosis: an expanded disability status scale[END_REF] at MS clinic visits. All data were available from January 1 st , 1996, to December 31 st , 2008 and were linked using unique personal health numbers. This study was approved by the University of British Columbia's Clinical Research Ethics Board (approval # H10-00984).

Study population

Two distinct cohorts were selected from the BCMS database. [START_REF] Tremlett | New perspectives in the natural history of multiple sclerosis[END_REF] The source cohort included all patients who were diagnosed with MS by a specialist neurologist and were first registered at one of the four original MS clinics in BC between 1980 and 2004. During this time period these four clinics were the only source of MS specialist care in the province. The incident cohort included PwMS with an MS onset date between January 1 st , 1996, and December 31 st , 2004. The prevalent cohort included PwMS who were alive and had a diagnosis of MS on January 1 st , 1996. The start of follow-up (index date) was MS onset for the ACCEPTED MANUSCRIPT incident cohort and January 1 st , 1996 for the prevalent cohort. All PwMS were eligible for inclusion in one or the other cohort as long as they had at least one EDSS score (for the prevalent cases this score could have been recorded up to 3 years before the index date). In addition, the PwMS had to be resident in BC (i.e. registered in the BC health care plan) for at least 1 year before their index date until 4 years afterwards. PwMS in both cohorts were followed until the earlier of December 31 st 2008, death, or emigration from BC.

Parameters of interest

The care consumption pathway Data included in the care pathway were all-cause hospitalisations, and physician visits divided into 5 HCP specialities. GPs and neurologists were considered as they are the most involved in the daily management of MS. Psychiatrists and internal medicine specialists were included because they are frequently accessed by PwMS, [START_REF] Wijnands | Five years before multiple sclerosis onset: Phenotyping the prodrome[END_REF][START_REF] Mckay | Psychiatric comorbidity is associated with disability progression in multiple sclerosis[END_REF] and to allow partial quantification of care related to comorbidities. Finally, for the fifth HCP category ('other') we included key specialists involved in the management of MS disability or symptoms, i.e. physical medicine and rehabilitation specialists, ophthalmologists, and urologists. For each PwMS, the number of each of the 6 types of health care interactions (all-cause hospitalisations plus the 5 HCPs) were calculated during every 6-month time window starting from the index date. The 6-month window was selected to allow sufficient time for specialist visits that might occur at a lower frequency, such as neurologists or internal medicine specialists For the last time window of follow-up, however, the number of health care interactions was calculated during the available time even if it was less than 6 months. The level of health care consumption was estimated based on the frequency of health care interactions within each time window for each of the 5 types of HCP visit and hospitalization (6 variables). The number of health care interactions were categorized into 2 to 4 levels of health care consumption (Supplementary
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Table 1). Thus, an individual care pathway was defined as the successive values of care consumption, each value representing the categorized amount of care consumption with one HCP or hospitalisation during a 6-month window. The length of the care pathways ranged from 9 windows (4 years and 1 day of followup) to 26 windows (the full study period of 13 years). In addition, the number of consultations with all physicians regardless of the specialty was described (but not included in the construction of the care pathway).

Cohort characteristics

Demographic characteristics included age, sex, birth year, age and year of MS onset, follow-up duration and vital status by the end of follow-up. Clinical characteristics included the annualized relapse rate (ARR) over the follow-up, the initial and most recent MS disease course, the most recent available EDSS score, and, for the prevalent cohort only, the EDSS score closest (+/-3 years) to the index date. The EDSS score at index was assumed to be 0 for the incident cohort. The EDSS scores were considered on a monthly basis and updated at each MS clinic visit, and categorised as low (0-2.5), medium (3-5.5), and high (≥6) disability.

Disease-modifying therapy (DMT) use was defined as 'ever' (at least one prescription filled during the follow-up of beta interferon, glatiramer acetate or natalizumab).

Five of the most common comorbidities in MS (hypertension, hyperlipidemia, diabetes, chronic lung disease (CLD) and mood or anxiety disorders) [START_REF] Marrie | A systematic review of the incidence and prevalence of comorbidity in multiple sclerosis: Overview[END_REF] were identified, in the year before index and during followup, using algorithms based on the ICD diagnostic codes in the hospital and physician data (Supplementary Table 2). [START_REF] Marrie | Recommendations for observational studies of comorbidity in multiple sclerosis[END_REF][START_REF] Mckay | A population-based study comparing multiple sclerosis clinic users and non-users in British Columbia, Canada[END_REF] Once a comorbidity was identified, a person was considered to be affected thereafter.

Statistical analysis
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Care pathways were assessed using multichannel sequence analysis (MCSA). The MCSA is an extension of the conventional state sequence analysis (SSA); conventional SSA allows a sequence with only one dimension for each individual, [START_REF] Roux | Use of state sequence analysis for care pathway analysis: The example of multiple sclerosis[END_REF] while the MCSA permits individual trajectories on several dimensions simultaneously. [START_REF] Pollock | Holistic trajectories: a study of combined employment, housing and family careers by using multiple-sequence analysis[END_REF][START_REF] Gauthier | Multichannel sequence analysis applied to social science data[END_REF][START_REF] Gauthier | Approche séquentielle multidimensionnelle de l'activation du statut-maitre sexué lors de la transition à la parentalité[END_REF] Such methods have mainly been used in social sciences, [START_REF] Pollock | Holistic trajectories: a study of combined employment, housing and family careers by using multiple-sequence analysis[END_REF][START_REF] Gauthier | Multichannel sequence analysis applied to social science data[END_REF][START_REF] Gauthier | Approche séquentielle multidimensionnelle de l'activation du statut-maitre sexué lors de la transition à la parentalité[END_REF] but are gaining interest in the field of public health. [START_REF] Roux | Use of state sequence analysis for care pathway analysis: The example of multiple sclerosis[END_REF][START_REF] Vanasse | Healthcare utilization after a first hospitalization for COPD: A new approach of State Sequence Analysis based on the '6W' multidimensional model of care trajectories[END_REF][START_REF] Johns | Clustering clinical and health care processes using a novel measure of dissimilarity for variable-length sequences of ordinal states[END_REF][START_REF] Meur | Categorical state sequence analysis and regression tree to identify determinants of care trajectory in chronic disease: Example of end-stage renal disease[END_REF][START_REF] Meur | Mining care trajectories using health administrative information systems: the use of state sequence analysis to assess disparities in prenatal care consumption[END_REF] With the MCSA, each individual is associated with multiple distinct but synchronized sequences (aligned to the time-windows), called 'channels'. Each channel taps a distinct aspect of the whole trajectory. [START_REF] Pollock | Holistic trajectories: a study of combined employment, housing and family careers by using multiple-sequence analysis[END_REF][START_REF] Gauthier | Multichannel sequence analysis applied to social science data[END_REF][START_REF] Gauthier | Approche séquentielle multidimensionnelle de l'activation du statut-maitre sexué lors de la transition à la parentalité[END_REF] The dissimilarity matrix is estimated by the optimal matching method, as with classic SSA, using the different channels and their derived costs. [START_REF] Pollock | Holistic trajectories: a study of combined employment, housing and family careers by using multiple-sequence analysis[END_REF][START_REF] Gabadinho | Analyzing and Visualizing State Sequences in R with TraMineR[END_REF] Here, the care pathways were formed of 6 different channels (one per HCP plus hospitalisation). The choice of the costs (insertion/deletion and substitution costs) used to compute the dissimilarity measure between the care pathways was based on our previous work. [START_REF] Roux | Use of state sequence analysis for care pathway analysis: The example of multiple sclerosis[END_REF] The insertion/deletion costs were fixed to 1, and the substitution costs were based on observed state transition rates. The distances were normalized using Yujian and Bo normalization to take into account the different lengths of follow-up. [START_REF] Yujian | A normalized Levenshtein distance metric[END_REF] An agglomerative hierarchical clustering with Ward's criterion was then applied to the resulting distance matrix. The optimal number of clusters was set by both maximizing the weighted average silhouette width and minimizing Hubert's C. [START_REF] Roux | Use of state sequence analysis for care pathway analysis: The example of multiple sclerosis[END_REF][START_REF] Studer | WeightedCluster Library Manual: A practical guide to creating typologies of trajectories in the social sciences with R[END_REF] The clusters were characterized by interpretation of the channel trajectories and the cohort characteristics. Chronograms were used to summarize the EDSS trajectories of each cluster, whereby the y-axis shows the cumulative proportion of PwMS at each disability level and the x-axis depicts the time window. Computational and statistical analyses were performed using R statistical software (v.3.4.1) [START_REF] Core | R: A Language and Environment for Statistical Computing[END_REF] with TraMineR 31 and WeightedCluster 33 packages.
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Results

Population characteristics

Overall, 1,048 incident and 3,180 prevalent MS cases were included (Figure 1 & Table 1). The incident cases had a median age of 36.6 years at the index date (MS symptom onset) and were followed for a median of 9.6 years. The prevalent cases had a median age of 45.0 years and a median MS duration of 11 years at the index date (1 st January 1996), and were followed for a median of 13.0 years. The use of DMTs was higher in the incident (66.7%) than the prevalent (31.8%) cohort. Accordingly, the incident cases visited neurologists more frequently than the prevalent cases (1.6 versus 0.8 visits per person-year).

Figure 1 here

Table 1 here

Application of the MCSA

MCSA led to the identification of 12 distinct clusters of PwMS (labelled as Clusters 1 to 12) in the incident cohort. The characteristics of these clusters are presented in Table 2 with their key features summarized in the final row; the evolution of their EDSS is shown in Figure 2.

Table 2 here

Figure 2 here

Compared to the other clusters, PwMS from Clusters 4 (n=200) and 5 (n=105) had low overall care consumption (14.7 and 13.9 visits with any physician per person-year), which included fewer visits to neurologists (1.4 visits per person-year). Cluster 7 (n=88) also comprised PwMS with low care consumption (14.4 consultations with any physician per person-year) and few with at least one comorbidity by study end. The PwMS in Cluster 11 (n=81) also had low care consumption (13.4 consultations with any physician per person-year), but a lower EDSS score and lower proportion with comorbidity by study end.

In contrast, PwMS from Cluster 2 (n=63) had a high number of consultations with other key specialists (1.5 consultations per person-year), which is consistent with their faster disability progression (Figure 2) and relatively high ARR (median of 0.20) compared to the other clusters. Also characterized by a rapid increase in disability, Cluster 9 (n=83) included more PwMS who had converted to SPMS by study end.

Cluster 1 (n=221) corresponded to older PwMS with a somewhat lower exposure to DMT (59.7%) and the lowest frequency of consultations with a neurologist (1.2 per person-year) relative to other clusters. This cluster also had the largest proportion of PwMS who had converted to SPMS (19.0%). Cluster 10 (n=32) had similar characteristics to Cluster 1, except for more comorbidity (59.4% with at least one comorbidity on the index date) and greater care consumption overall and particularly frequent interactions with psychiatrists (6.8 consultations per person-year).

Cluster 3 (n=59) included PwMS with a high burden of comorbidity at the index date (44.1%), with a high frequency of GP consultations (15.0 per person-year). Similarly, Cluster 6 (n=58) included PwMS with frequent GP visits (18.7 per person-year) and a high burden of comorbidity by study end (86.2% of PwMS with at least one comorbidity). In addition, this cluster was older at disease onset (median age of 38.4 years), and demonstrated a large increase in EDSS score over time (29.3% of PwMS with a high score by end of follow-up). The PwMS in Cluster 12 (n=14) had significant overall care consumption with a high frequency of visits across all physician specialties, including psychiatrists (5.3 per person-year), and a rapid increase in their EDSS scores after only 5.2 years of follow-up, despite a low ARR (virtually zero). Finally,
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the PwMS in Cluster 8 (n=44) were the youngest with the most recent year of MS onset (2004). They had a high frequency of consultations with neurologists (2.7 per person-year) with virtually no disease activity (ARR of 0.0).

For the prevalent cohort, the MCSA identified 6 distinct clusters (labelled as Clusters A to F). Their characteristics are presented in Table 3 and the corresponding evolution of their EDSS scores is shown in Figure 3. Compared to other clusters, the 1,622 PwMS from Cluster B had fewer GP visits (6.0 per personyear) and fewer cases had at least one comorbidity, at index and study end. On the other hand, the majority of the 121 PwMS from Cluster A had at least one comorbidity at index (65.3%), and almost all (>95.9%) had one by study end; these PwMS had especially high care consumption with psychiatrists and neurologists. Cluster E (n=629) included a higher proportion of PwMS with at least one comorbidity by study end (84.4%), the highest proportion of DMT-treated PwMS (39.9%), and PwMS with particularly high GP care consumption (16.0 visits per person-year). The PwMS from Cluster D (n=352) had a high number of interactions with other key specialists compared to the other clusters (1.6 per person-year).

Compared to the other clusters, Clusters C (n=251) and F (n=205) included higher proportions of men, larger proportions (64.1% and 64.0%) of PwMS with high EDSS scores by study end, and PwMS with virtually no disease activity during follow-up. Moreover, the majority of these PwMS had reached SPMS by study end and few PwMS (17.1% and 12.7%) were treated with a DMT during follow-up). These clusters included significantly less PwMS who survived to the study end; consequently, the follow-up duration (9.7 and 5.7 years) was shorter.

Table 3 here

Figure 3 here
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Discussion

This study aimed to gain a better understanding of MS care through a detailed description of care pathways. The MSCA provided 12 clusters for the incident cohort, and 6 for the prevalent cohort, that revealed distinct profiles of care consumption among PwMS in relation to clinical phenotypes.

In comparison to previous studies, [START_REF] Mckay | Comorbidities Are Associated with Altered Health Services Use in Multiple Sclerosis: A Prospective Cohort Study[END_REF][START_REF] Roux | Use of state sequence analysis for care pathway analysis: The example of multiple sclerosis[END_REF][START_REF] Marrie | High rates of physician services utilization at least five years before multiple sclerosis diagnosis[END_REF][START_REF] Pohar | Health status and health care utilization of multiple sclerosis in Canada[END_REF][START_REF] Mckay | A population-based study comparing multiple sclerosis clinic users and non-users in British Columbia, Canada[END_REF] we assessed care consumption of PwMS at a finer level. Rather than grouping all physician visits together, we have considered the main HCPs that are involved in MS management as separate specialty groups, which allowed for generation of more precise profiles of care consumption. Moreover, the creation of clusters was based only on the care consumption of PwMS and not on clinical or demographic features, in contrast to previous studies. [START_REF] Roux | Use of healthcare services by patients with multiple sclerosis in France over 2010-2015: a nationwide population-based study using health administrative data[END_REF][START_REF] Marrie | High rates of physician services utilization at least five years before multiple sclerosis diagnosis[END_REF][START_REF] Pohar | Health status and health care utilization of multiple sclerosis in Canada[END_REF][START_REF] Müller | Real-World Treatment of Patients with Multiple Sclerosis per MS Subtype and Associated Healthcare Resource Use: An Analysis Based on 13,333 Patients in Germany[END_REF][START_REF] Barin | Patterns of care for Multiple Sclerosis in a setting of universal care access: A cross-sectional study[END_REF] The overall care consumption of PwMS in our study was somewhat higher than in other studies that have also used longitudinal data.

We found that PwMS had 18 to 19 visits per person-year whereas 12 visits per person-year were observed during the first 5 years after MS diagnosis in Manitoba, Canada, [START_REF] Marrie | High rates of physician services utilization at least five years before multiple sclerosis diagnosis[END_REF] and 16 visits were counted per personyear in a French MS cohort. [START_REF] Roux | Use of healthcare services by patients with multiple sclerosis in France over 2010-2015: a nationwide population-based study using health administrative data[END_REF] However, the annual numbers of visits with GPs and neurologists in our study were similar to those in another French cohort. [START_REF] Roux | Use of state sequence analysis for care pathway analysis: The example of multiple sclerosis[END_REF] These variations may be explained by differences in case ascertainment (clinical versus administrative data, incident and/or prevalent cases) and baseline characteristics, such as the MS phenotype (relapsing versus progressive MS), disease duration, available DMTs, health care systems (funding, care reimbursement, healthcare access), and practices in MS care.

Moreover, the study authors from Manitoba, Canada noted that their care consumption may have been underestimated. [START_REF] Marrie | High rates of physician services utilization at least five years before multiple sclerosis diagnosis[END_REF] Due to the time period, more DMTs were available in the French cohorts (natalizumab and oral DMTs), which may have had an impact on care consumption. [START_REF] Roux | Use of healthcare services by patients with multiple sclerosis in France over 2010-2015: a nationwide population-based study using health administrative data[END_REF][START_REF] Roux | Use of state sequence analysis for care pathway analysis: The example of multiple sclerosis[END_REF] ACCEPTED MANUSCRIPT PwMS in Clusters C and F in the prevalent cohort had a high disability level; most had SPMS, and most did not survive to the study end; the high care consumption for these clusters, is consistent with literature describing increased care consumption during the last year of life. 35 Cluster D may represent PwMS with advanced MS and active disease. Clusters A and E correspond to PwMS with comorbidity which is likely to explain their frequent use of GPs and all physicians. [START_REF] Mckay | Comorbidities Are Associated with Altered Health Services Use in Multiple Sclerosis: A Prospective Cohort Study[END_REF] Finally, Cluster B, which is by far the largest cluster, reflects expected care consumption of the majority of PwMS.

Such profiles could potentially be used in policy planning to anticipate the demand on specialists according to disease evolution or regions (for example, with cross-reference or residence data). They could also be used to study the potential impact of the amount of care consumption on important clinical outcomes, such as disability progression.

SSA provides a useful and innovative means to study care pathways. [START_REF] Roux | Use of state sequence analysis for care pathway analysis: The example of multiple sclerosis[END_REF][START_REF] Meur | Categorical state sequence analysis and regression tree to identify determinants of care trajectory in chronic disease: Example of end-stage renal disease[END_REF][START_REF] Meur | Mining care trajectories using health administrative information systems: the use of state sequence analysis to assess disparities in prenatal care consumption[END_REF] These are holistic methods, with the whole care pathway as the statistical unit of interest. However, a limitation of conventional SSA is that the different interactions with HCPs must be grouped together into a single variable, [START_REF] Roux | Use of state sequence analysis for care pathway analysis: The example of multiple sclerosis[END_REF] which can only ACCEPTED MANUSCRIPT provide a macroscopic overview of the variations of care consumption. In contrast, MCSA offers simultaneous comparison of the different dimensions of a sequence of healthcare interactions between individuals. [START_REF] Pollock | Holistic trajectories: a study of combined employment, housing and family careers by using multiple-sequence analysis[END_REF][START_REF] Gauthier | Multichannel sequence analysis applied to social science data[END_REF][START_REF] Gauthier | Approche séquentielle multidimensionnelle de l'activation du statut-maitre sexué lors de la transition à la parentalité[END_REF] It therefore provides a more nuanced view of the care consumption by different HCPs, and enables identification of the clinically relevant phenotypes that are linked to each care consumption profile.

From a methodological point of view, to avoid the creation of a cluster that only included PwMS with a short follow-up duration due to death, we selected only individuals with at least 4 consecutive years of follow-up and normalized the dissimilarity measure. However, we cannot rule out the possibility that the length of the care pathways influenced the formation of clusters C and F.

The linked administrative and clinical datasets offered the opportunity to access extensive populationbased longitudinal data with up to 13 years of follow-up. The information captured in administrative health databases are comprehensively, objectively, and systematically collected which essentially removes the risk of recall bias and provides a true representation of care consumption of PwMS. On the other hand, we were not able to consider encounters with paramedical specialists (physiotherapists and nurses), which are important in the care of PwMS. [START_REF] Roux | Use of healthcare services by patients with multiple sclerosis in France over 2010-2015: a nationwide population-based study using health administrative data[END_REF] Moreover, we did not have access to data on lifestyle and environmental factors that could be directly associated with care consumption, such as obesity, smoking, diet, physical activity, or educational level. However, we identified comorbidities (hypertension, hyperlipidemia, diabetes, chronic lung disease) for which these lifestyle and environmental characteristics can be risk factors. To include relevant MS-specific clinical data, we considered only PwMS whose data were captured in the BCMS database (i.e. clinic users); MS clinic users are not necessarily representative of the general MS population though; they may have a lower care consumption and fewer comorbidities than non-clinic users, for example. [START_REF] Mckay | A population-based study comparing multiple sclerosis clinic users and non-users in British Columbia, Canada[END_REF] Thus, it is possible that these care consumption profiles may not be ACCEPTED MANUSCRIPT generalizable beyond clinic-based populations of PwMS, or to other geographical regions or time periods.

As the study follow-up period ended in December 2008, the more recent marked changes in diagnosis and treatment (particularly newer DMTs) are not considered in the care pathways.

To conclude, this is one of the first studies to use MCSA in the study of care pathways. The identification of several different profiles of care consumption that are associated with distinct MS phenotypes reflect the heterogeneity of MS. From a public health point of view, these profiles and methods could help health services planning, and may provide a novel outcome in health research or economic evaluation. 
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diabetes, chronic lung disease (CLD) and mood or anxiety disorders. c Included DMTs: beta-interferon, glatiramer acetate and natalizumab. d Number per person-year. e Other specialists: physical medicine and rehabilitation specialist, ophthalmologist, urologist. f Denominator = persons with MS with at least one hospital admission during follow-up. g All physicians, regardless of specialty (including physicians with specialties other than those in the 5 identified categories). 

<0.001

At least one hospitalisation † , n (%) 
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  In the incident cohort, over one third (Clusters 1 and 9 combined) of PwMS had reached SPMS by the study end. Clusters 2 and 10 could be assimilated to active MS with symptoms requiring frequent physician visits and hospitalisations. The high burden of MS disease activity and comorbidity could explain the more frequent use of psychiatrists in Cluster 10. Clusters 3, 6 and 12 correspond to PwMS with comorbidities that require a major role for the GP. Cluster 8 may represent PwMS with well-controlled MS or naturally low disease activity. Finally, the remaining clusters (4, 5, 7 and 11) may represent the classic relapsing-remitting trajectory, where PwMS with few comorbidities are using DMTs, and thus require a relatively low level of care.

Figure 1

 1 Figure 1 Flow chart for selection of the incident and prevalent multiple sclerosis cohorts

Figure 2

 2 Figure 2 Chronograms of the evolution of the EDSS scores of PwMS within the 12 clusters resulting from the application of the MCSA for the incident MS cohort

  

  

Table 1

 1 Demographic and clinical characteristics of the incident and prevalent multiple sclerosis cohorts Excluding the onset attack (relapse date of first relapse = MS onset date) and only for people having a relapsing-remitting initial disease course. b Included comorbidities: hypertension, hyperlipidemia,

	Incident MS cohort	Prevalent MS cohort
	(N=1,048)	(N=3,180)

a

Table 2

 2 Characteristics of the incident multiple sclerosis cohort according to the 12 clusters identified by multichannel sequence analysis (n=1,048)

		1	2	3	4	5	6	7
		(n=221)	(n=63)	(n=59)	(n=200)	(n=105)	(n=58)	(n=88)
	Women † , n (%) 49 (84.5%) Deaths † , n (%) 173 (78.3%) 49 (77.8%) 45 (76.3%) 151 (75.5%) 72 (68.6%) ≤5 (≤2.3%) ≤5 (≤7.9%) ≤5 (≤8.5%) 0 (0.0%) ≤5 (≤4.8%) ≤5 (≤8.6%)	≤5 (≤5.7%)
	Most recent disability							
	level (EDSS score) † (%)							
	Low (0-2.5)	114 (51.6%)	30 (47.6%)	35 (59.3%)	130 (65.0%)	71 (67.6%)	23 (39.7%)	63 (71.6%)
	Medium (3-5.5)	58 (26.2%)	19 (30.2%)	13 (22.0%)	45 (22.5%)	24 (22.9%)	18 (31.8%)	17 (19.3%)
	High (≥6)	49 (22.2%)	14 (22.2%)	11 (18.6%)	25 (12.5%)	10 (9.5%)	17 (29.3%)	8 (9.1%)
	Median ARR during	0.17 (0.08-0.25)	0.20 (0.10-0.27)	0.16 (0.00-0.36)	0.18 (0.09-0.29) 0.22 (0.11-0.34)	0.13 (0.00-0.33) 0.15 (0.00-0.29)
	follow-up b (q1-q3)							
	Initial RRMS course † , n (%)	207 (93.7%)	57 (90.5%)	≥54 (≥91.5%)	191 (95.5%)	99 (94.3%)	≥53 (≥91.4%)	≥83 (≥94.3%)

  p-value comparing the different clusters using the Kruskal-Wallis, Pearson's chi-square, or Fisher's exact test as appropriate. b Excluding the onset attack (relapse date of first relapse = MS onset date) and only for people having a relapsing-remitting initial disease course. c Included comorbidities: hypertension, hyperlipidemia, diabetes, chronic lung disease (CLD) and mood or anxiety disorders. d Included DMTs: beta-interferon, glatiramer acetate and natalizumab. e Number per person-year. f Other specialists: physical medicine and rehabilitation specialist, ophthalmologist, urologist. g Denominator = persons with MS with at least one hospital admission during followup. h All physicians, regardless of specialty (including physicians with specialties other than those in the 5 identified categories).

	Rank	#3	#3	#3	#12	#1	
	Visits with all	20.3 (14.0-	28.1 (22.2-	34.3 (22.9-	13.4 (9.9-	55.5 (40.0-	<0.001
	physicians e, h	25.6)	35.0)	43.1)	17.4)	77.1)	
	Key features	• Younger	• Higher	• Higher care	• Lower care	• Higher care	-
	(relative to the other	• More	proportion	consumption	consumption	consumption	
	clusters)	recent MS onset	reached SPMS by	• Older • Higher	• Lower EDSS score by	• Lower ARR • Increase of	
		• Lower ARR	study end	proportion	study end	EDSS score	
		• More	• Increase	of cases with	• Lower	during	
		neurologist	of EDSS	a	proportion	follow-up	
		visits	score	comorbidity	of cases	• More	
			during	on the index	with a	psychiatrist	
			follow-up	date	comorbidity	visits	
				• Lower DMT	by study end	• Higher	
				exposure		proportion	
						of cases	
						with a	
						comorbidity	
						on index	
						date and by	
						study end	
		23 (52.3%)	63 (75.9%)	≥27 (≥84.4%)	40 (49.4%)	≥9 (≥64.3%)	<0.001
	Hospitalisations e, g	0.4 (0.2-0.7)	0.4 (0.1-0.9)	0.4 (0.2-1.0)	0.1 (0.1-0.3)	0.8 (0.5-2.5)	<0.001

ARR: annualized relapses rate. DMT: disease-modifying therapy. EDSS: expanded disability scale status. GP: general practitioner. MS: multiple sclerosis. RRMS: relapsing-remitting multiple sclerosis. SPMS: secondary progressive multiple sclerosis. q1-q3: quartiles 1 and 3.

† The presented data are restricted to prevent direct or residual disclosure of identifiable data. a

Table 3

 3 Characteristics of the prevalent multiple sclerosis cohort according to the 6 clusters identified by multichannel sequence analysis

	(n=3,180)							
		A	B	C	D	E	F	p-value a
		(n=121)	(n=1,622)	(n=251)	(n=352)	(n=629)	(n=205)	
	Women, n (%)	103 (85.1%)	1,163 (71.7%)	171 (68.1%)	255 (72.4%)	512 (81.4%)	130 (63.4%)	<0.001
	Median birth year (q1-							
	q3)							
								<0.001
	Low (0-2.5)	37 (30.6%)	562 (34.6%)	48 (19.1%)	95 (27.0%)	208 (33.1%)	48 (23.4%)	
	Medium (3-5.5)	28 (23.1%)	313 (19.3%)	40 (15.9%)	71 (20.2%)	155 (24.6%)	49 (23.9%)	
	High (≥6)	17 (14.0%)	254 (15.7%)	110 (43.8%)	87 (24.7%)	120 (19.1%)	88 (42.9%)	
	Missing	39 (32.2%)	493 (30.4%)	53 (21.1%)	99 (28.1%)	146 (23.2%)	20 (9.8%)	
	Most recent disability							<0.001
	level (EDSS score) (%)							
	Low (0-2.5)	44 (36.4%)	580 (35.8%)	52 (20.7%)	78 (22.2%)	186 (29.6%)	37 (18.0%)	
	Medium (3-5.5)	38 (31.4%)	427 (26.3%)	38 (15.1%)	91 (25.9%)	190 (30.2%)	37 (18.0%)	
	High (≥6)	39 (32.2%)	615 (37.9%)	161 (64.1%)	183 (52.0%)	253 (40.2%)	131 (64.0%)	
	Median ARR during	0.08 (0.00-0.15) 0.04 (0.00-0.15) 0.00 (0.00-0.11) 0.08 (0.00-0.15) 0.08 (0.00-0.15) 0.00 (0.00-0.15)	<0.001
	follow-up b (q1-q3)							
	Initial RRMS course † , n	≥116 (≥95.9%)	1,496 (92.2%)	223 (88.8%)	321 (91.2%)	585 (93.0%)	177 (86.3%)	0.003
	(%)							

Available at: https://www.r-project.org. 35. Fromont A, Lehanneur M-N, Rollot F, et al. Cost of multiple sclerosis in France. Rev. Neurol. (Paris). 2014; 170(6-7):432-439.
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Supplementary material

Supplementary Table 1 Boundaries used to categorize health care consumption, according to the number of health care interactions, within each time window

Health care interaction Categorization Visits with a GP 0; [1-3]; [4-6]; ≥7 Visits with a neurologist 0; 1; ≥2 Visits with an internal medicine physician 0; ≥1 Visits with a psychiatrist 0; ≥1 Visits with other key specialists 0; 1; ≥2 All-cause hospitalisation 0; 1; ≥2 GP: General practitioner. 2 The comorbidities and the algorithms used to identify them in the administrative health data 

Supplementary Table