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Care pathways of patients affected with multiple
sclerosis in France from 2007 to 2013 using
administrative databases and state sequence
analysis

Jonathan Roux, Nolwenn Le Meur, Olivier Grimaud and Emmanuelle Leray

Abstract In France there is a lack of accurate and up-to-date data on care pathways
and care consumption of patients affected with multiple sclerosis (MS). The aim of
this study was to describe care consumption of MS people in France and build a
typology of their care pathways over the 2007-2013 period. To answer this issue,
sequence analysis and agglomerative hierarchical clustering were used on a random
sample of 1,000 patients, issued from French health-care databases, split according
to the data available. The typologies were then described according to individual
characteristics and care consumption. Two similar partitions, using indel costs fixed
to 0.9 and transition-based substitution costs, were obtained : a five-cluster and a
six-cluster typology for respectively complete and incomplete care pathways (i.e.
less than seven years). Low care consumption was associated with older and less
treated patients. Patients having a medium-low care consumption were younger and
treated, whereas those having a high consumption seems to be older and have more
comorbidities than the others. This pioneer study, using an innovative method in
health field, gives a first overview of the care consumption of MS-affected people
in France using objective and quantitative information. To go further, same work
will be performed on the whole French population affected with MS and will in-
clude biological and medical imaging exams, and specialists’ care to complete care
pathways.
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1 Introduction

The increase of life expectancy and medical progress are leading to a steady growth
of the number of people affected with a chronic disease [Organisation Mondiale de
la Santé (OMS), 2002]. In France, 15 million people are affected with at least one
chronic disease, namely slightly more than 20% of the whole population [Ministere
de la Santé, de la Jeunesse, des Sports et de la Vie associative, 2007]. They require
large amounts of medical care, which lead to new constraints of long-term care for
healthcare systems [Organisation Mondiale de la Santé (OMS), 2002]. In France,
the Long Disease Duration (LDD) status permits people to have a 100% coverage
of their healthcare. Thirty illnesses are apart of the list of LDD, including multiple
sclerosis (MS).

MS is a chronic neurological disease affecting 2.3 million people around the
world with a women:men sex-ratio varying from 2:1 to 2.5:1 [Browne et al., 2014,
Trojano et al., 2012, MS International Federation, 2015]. In France, the estimated
prevalence is 151.2 cases per 100 000 inhabitants on 31* December 2012, namely
about 100 000 people [Foulon et al., 2015]. MS mostly starts at young adulthood,
between 20 and 40 years old, evolves for several decades and frequently leads to
a disability, the median duration before the need for a walking aid being from 20
to 25 years [Confavreux et al., 2000, Confavreux et al., 2003]. Moreover, because
of a life expectancy reduced of about 7 years [Leray et al., 2015] and availability
of more and more DMTs (Disease Modifying Therapies), MS cost becomes bigger
and bigger over time for each patient and thus for the society and was equal to 1
billion euros in France for the year 2013 [Direction de la stratégie, des études et des
statistiques (DSES), 2015, Lefeuvre et al., 2016].

Care consumption of MS patients is expected to be high due to disease length,
disease activity and disability progression. However, there is a lack of accurate and
up-to-date data on this topic in France. Indeed, French studies on care consumption
mainly focus on MS costs from the point of view of the French national Health In-
surance system [Fromont et al., 2014, Lefeuvre et al., 2016] and not on the type,
amount and chronology of care. In addition, there are no clearly definite care’s rec-
ommendations for patients affected with MS at the moment in France.

In order to fill this gap and have an overview of the care consumption of people
with MS in France, the first step is to measure the consecutive consultations and
treatments constituting the care pathway of each patient. Therefore, this study aimed
at describing the overall care consumption of people affected with MS, analysing
their care pathways and creating a typology over the 2007-2013 period in France.
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2 Methods

2.1 Study population

Data was issued from a French permanent sample of health insurance care users,
named Echantillon Généraliste des Bénéficiaires (EGB). It is a random sample of
1/97"" of the French national Health Insurance system, gathering the out-hospital
reimbursed care consumption (consultations and home visits to general practition-
ers (GP), specialists, drugs deliveries, nurses, physiotherapists, ...). This sample
is dynamic, which means that new people can enter the sample anytime. More-
over, we used data from the French Hospital Discharge Database (Programme de
Meédicalisation des Systemes d’Information (PMSI)), gathering in-hospital care con-
sumption (admissions including day hospital, but except outpatient visits).

Patients affected with MS were identified if at least one of the following criteria
was fulfilled in the period stretching from 1% January 2007 to 31*" December 2012 :
either MS LDD status, either at least one DMT specific of MS dispensed (interferon-
B, glatiramer acetate, fingolimod or natalizumab), or at least one hospital admission
with an ICD-10 (International Classification of Diseases, 10" version) diagnosis
code ”G35” [World Health Organization, 2015]. Out-hospital care consumption and
hospital admissions for these patients were then extracted from 2007 up to end 2013.
As a whole, 1,003 patients were identified, of whom 3 were excluded due to a total
lack of care consumption (MS-related and not) during the study period.

2.2 Data

Based on data of care consumption, monthly number of consultations or home vis-
its with a GP, a private neurologist and a PM&R (Physical Medicine and Rehabil-
itation) physician were estimated for each of the 1,000 patients. Only MS-related
hospital admissions were considered (main or related diagnosis equal to ”G35”,
except DMT injection) and a parameter was created to count the monthly corre-
sponding number for each individual. Nine DMT used for MS delivered out of the
hospital (four interferon-f3, glatiramer acetate, fingolimod, mycophenolate mofetil,
methotrexate, azathioprine) and one in-hospital treatment (natalizumab) were also
explored if applicable. The total duration of each treatment was estimated as the
product of the number of boxes and the number of corresponding days. None of the
two databases permitted to access consultations with public neurologists. Therefore
we assumed that patients receiving a DMT, compulsorily prescribed by a neurolo-
gist, without having a visit with a private one, has one visit with a public neurologist
(outpatient visit) at the treatment initiation and one every year as long as the treat-
ment was ongoing.
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A monthly then annual composite variable characterizing the individual care con-
sumption was created by adding monthly (respectively annual) numbers of consul-
tations with GPs, private and public neurologists, PM&R physicians and MS-related
hospital admissions (except monthly DMT injections). Each yearly variable ranged
widely and followed a Poisson distribution. Therefore, to have an overview of the
care consumption, it was categorized in five groups according to the quartile dis-
tribution : no consumption (”0”), less than the first quartile (’]0; Q1]”), between the
first quartile and the median included (”]Q1; 02]”), between the median and the third
quartile included (”]Q2;Q3]”) and strictly superior to the third one ("> Q3”). The
sequence of the seven annual categorized parameters constituted the care pathway
of each patient during the 7-year period. As inclusion criteria offered the opportu-
nity to identify prevalent cases of MS, patients were not at the same stage of the
disease during the 2007-2013 period and thus the sequences were not left-aligned
for people entering the study after 2007.

For patients who died during follow-up, the “death” status was attributed the
year following the death’s year, since only annual states were considered. Therefore
only deaths over the 2007-2012 period were considered. Death was coded as NA
state, creating care pathways of different lengths. This solution permitted to take
into account the death of people without the creation of a specific group, which may
have happened with a devoted state.

2.3 Statistical analysis

Two different typologies of care pathways were created using Optimal Matching
(OM) analysis and then agglomerative hierarchical clustering using Ward’s cri-
terion. The first one was obtained using patients with complete care pathways
(n=648), i.e. sequences beginning in 2007, whereas the second focused on incom-
plete sequences (n=352), corresponding to people entering the cohort later than 2007
(due to dynamic cohort). This separation was chosen to avoid the creation of a clus-
ter devoted to patients entering the cohort with delay appearing when analysing the
1,000 sequences together.

No theoretical knowledge about costs was available, therefore substitution costs
were estimated empirically using observed transition rates. To ensure Needleman-
Wunsch algorithm could be applied to compute OM distance, metric properties were
verified for substitution costs, especially triangle inequality [Studer and Ritschard,
2015]. Costs are one major parameter permitting to have an optimal matching and
thus influence clustering results [Lesnard, 2010]. For our purpose, the aim was to
compare care pathways by keeping the temporality of events and studying series of
sub-sequences and thus long-term care consumption rather than succession of one-
state events. Moreover, we did not want to focus on outstanding events but rather
on the whole sequence. Therefore, we chose to fix indel costs to 0.9 in order to
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approach the Levenshtein II distance and thus compare sequences according to the
longest common subsequence [Lesnard, 2010].

An agglomerative hierarchical clustering analysis using Ward’s criterion was
then performed on the dissimilarity matrix to create homogeneous groups. Several
parameters were used to assess the quality of the partition, namely weighted Aver-
age Silhouette Width (ASWw) [Kaufman and Rousseeuw, 1990, Studer, 2013], Hu-
bert’s C (HC) [Hubert and Levin, 1976], Hubert’s Gamma (HG) [Hubert and Arabie,
1985] and Point Biserial Correlation (PBC) [Hennig and Liao, 2010, Milligan and
Cooper, 1985]. The maximisation of ASWw, HG and PBC and the minimisation of
HC permitted to set the optimal number of clusters. Once the clustering obtained,
each group was characterized according to individual characteristics and care con-
sumption.

All computational and statistical analyses were performed using R (Version
3.2.3) [R Core Team, 2015]. Sequence analysis and clustering were performed us-
ing the TraMineR library (Version 1.8-11), the WeightedCluster library (Version 1.2)
and the cluster library (Version 2.0.3) [Gabadinho et al., 2011, Studer, 2013, Maech-
ler et al., 2015].

3 Results

3.1 Population characteristics

According to the selection criteria, 1,000 care users were identified in the databases,
whose characteristics are presented in Table 1. They were mostly women (71.1%)
and had a median year of birth of 1963 (range 1914-1997), i.e. aged about 44 years
at study start. Patients with a complete care pathway were significantly older than
patients having a shorter one (p<0.001). As a whole, 577 patients (57.7%) were
under the LDD status for MS at the beginning of follow-up, with a median LDD
time of 6.8 years (range 0.0-29.2), and 261 (26.1%) acquired the status on the 2007-
2013 period. 278 (27.8%) patients had at least another LDD different from MS.
The median follow-up duration was 6.8 years (range 0.0-7.0) out of a maximum
of 7 years. As a whole, 71 (7.1%) deaths were observed after a median follow-up
duration of 3.9 years (range 0.0-6.7). About half the population (53.9%) received at
least one DMT and was treated during 63.0% of the follow-up duration in median.
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Table 1 Population characteristics according to the length of care pathways (N=1000)

Complete Incomplete Total p-valued
pathway pathway
n=648 n=352 N=1000

Number of women (%) 473 (73.0%) 238 (67.6%) 711 (71.1%) 0.086
Birth Year * 1961 (1914-1991) 1966 (1924-1997) 1963 (1914-1997) <0.001
Number of LDD for MS ? (%) 589 (90.9%) 249 (70.7%) 838 (83.8%)  <0.001
Duration since MS-LDD’s 12.7 (0.0-34.6) 6.5 (0.2-33.8) 11.6 (0.0-34.6) <0.001
beginning 2<* (year)
At least another LDD ¢ (%) 186 (28.7%) 92 (26.1%) 278 (27.8%) 0.429
Follow-up duration * (year) 6.9 (0.0-7.0) 3.5 (0.0-6.0) 6.8 (0.0-7.0) <0.001
Number of deaths observed (%) 55 (8.5%) 16 (4.5%) 71 (7.1%) 0.029
At least one DMT prescription ¢ (%) 368 (56.8%) 171 (48.6%) 539 (53.9%) 0.015
Part of the follow-up 61.6 (3.3-100.0) 66.0 (7.6-100.0) 63.0 (3.3-100.0) 0.218
duration under treatment (%) *
GPs 87 6.1 (0.0-50.0) 4.3 (0.0-48.0) 5.6 (0.0-50.0) <0.001
Neurologists 6 (0-48) 2 (0-19) 4 (0-48) <0.001
At least one MS-related 307 (47.3%) 166 (47.2%) 473 (47.3%) 1.000

hospital admission (%)

* Median (minimum-maximum). ¢ P-value of the comparison of complete and incomplete path-
ways’ groups using either Kruskal-Wallis test, Pearson’s chi-squared test or Fisher’s exact test if
needed. ” LDD : Long Disease Duration. ¢ Calculated at the date of last information (31/12/2013 or
date of death). ¢ LDD other than MS. ¢ Disease Modifying Therapy. / For patients having at least
one DMT use. 8 Annualized number of consultations and home visits taken together per patient.
" Total number of consultations, home and imputed outpatient visits taken together per patient
over the 2007-2013 period. ! Total MS-related hospital admissions per patient over the 2007-2013
period (except monthly DMT injections).

3.2 Complete care pathways’ clustering

The partition of the 648 complete care pathways led to a typology of five clusters
as presented in Figure 1, which conducted to the best quality partition’s parameters
with ASWw, HC, HG and PBC respectively equal to 0.238, 0.102, 0.765 and 0.551.

Among the five clusters, two are dominating, i.e. clusters 1.5 and 1.4, with re-
spectively 188 (29.0%) and 180 (27.8%) patients. These two groups corresponded
to people having an overall high care consumption according to the mean duration
in each state (Table 2). The group 1.3 characterized by a medium consumption is
formed of 128 (19.8%) patients. At the opposite, people categorized in group 1.2
(n=124 (19.1%)) had a low care consumption and the 28 (4.3%) in the cluster 1.1
had no consumption during almost half the follow-up period.
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Fig. 1 Index plots of the groups obtained after the clustering procedure with indel costs fixed to
0.9 and transition-based substitution costs for complete care pathways (N=648)

Table 2 Mean duration in years (part of total duration) in each state according for complete care
pathways’ clustering (N=648)

State 70" 0QIM TIQLQ2 IQLQ3T v>Q¥

Group 1.1  3.46 (49.4%) 1.18(169%) 0.14(2.0%)  0.64(9.1%)  0.93 (13.3%)
Group1.2 031 (4.4%) 4.06 (58.0%) 1.86(26.6%) 0.55(7.9%)  0.19 (2.7%)
Group 1.3 0.09(1.3%) 1.39(19.9%) 4.07(58.1%) 120(17.1%)  0.16 (2.3%)
Group 1.4  0.13(1.9%) 057 (8.1%) 1.76(25.1%) 2.95(@2.1%) 0.95 (13.6%)
Group 1.5 0.10(1.4%) 024 (3.4%)  045(64%) 137(19.6%) 4.71(67.3%)

The predominant state for each cluster is indicated in bold.
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3.3 Incomplete care pathways’ clustering

According to quality parameters, the 352 incomplete care pathways were partitioned
into six clusters presented in Figure 2. Indeed, ASWw, HG and PBC were max-
imised respectively with 0.238, 0.731 and 0.487, and HC was equal to 0.139.

The different groups had similar consumption to those obtained with complete
care pathways, plus a sixth cluster (group 2.6), representing 26.4% of incomplete
sequences, concerning patients mostly entering the cohort after 2010 and having
a quite low-medium consumption (Table 3). Group 2.5 was formed of 52 patients
(14.9%) having an overall high consumption and cluster 2.4 composed of 55 patients
(15.6%) having a medium-high consumption. The cluster 2.3 characterized by a
medium consumption was formed of 68 patients (19.3%). At the opposite, people
categorized in group 2.2 (n=49 (13.9%)) had a low care consumption and the 35
(9.9%) in the cluster 2.1 had no consumption during almost three quarters of the
follow-up period.

Table 3 Mean duration in years (part of total duration including NA state) in each state according
for incomplete care pathways’ clustering (N=352)

State 0" 0QIT TIQLQ2T TIQLQ3T Q¥

Group 2.1 3.34(73.6%) 1.03(22.7%) 0.14(3.1%)  0.00(0.0%)  0.03 (0.7%)
Group22 0.41(84%) 3.31(67.6%) 0.59(12.0%) 0.43(8.8%)  0.06 (1.2%)
Group23 029 (6.0%) 1.09(22.6%) 2.34(d8.5%) 0.94(19.5%)  0.16 (3.3%)
Group24 020 (4.3%) 044 (9.5%)  0.95(20.5%) 2.36 (50.9%) 0.67 (14.4%)
Group2.5 035(7.5%)  0.378.0%)  035(7.5%) 077 (16.6%) 2.77 (59.6%)
Group2.6 022 (8.6%) 0.82(32.0%) 0.85332%) 0.28(10.9%) 0.30 (11.7%)

The predominant state for each cluster is indicated in bold.

3.4 Characteristics of the final clustering

The different patients’ characteristics and care consumption according to the two
partitioning are presented in Tables 4 & 5.

As expected, the number of consultations and home visits with GPs and neu-
rologists increased from cluster 1.1 to 1.5 (Table 4). In group 1.1, the follow-up
duration was the shortest one, which was probably related to the higher proportion
of deaths observed over the study period (p<0.001). Moreover, the number of pa-
tients having used at least one DMT was lower in this cluster (p=0.001). Patients
belonging to group 1.2 were significantly younger (p<<0.001) and were the most
treated for a median treatment duration of about three-quarters of follow-up. Fur-
thermore, this cluster was almost composed of half men and half women, compared
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Fig. 2 Index plots of the groups obtained after the clustering procedure with indel costs fixed to
0.9 and transition-based substitution costs for incomplete care pathways (N=352)

to others mostly formed of women. The cluster 2.3 was also composed of patients
using a DMT for the most part of follow-up duration. Group 1.4 was the oldest
group, which could explain the percentage of deaths in this cluster. In group 1.5, i.e.
having the highest consumption, patients seemed to be old with significantly more
comorbidities, expressed as other LDD (p<0.001). These patients, who went more
to hospital, were mostly treated.
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As for the precedent typology, the care consumption with GPs and neurologists
rose from cluster 2.1 to 2.5 in the second typology (Table 5). Patients in cluster 2.1
were the oldest and had the longest LDD duration compared to other groups, which
could explain that they were significantly less treated (p<<0.001). In groups 2.2 and
2.3, men and women were almost equally represented. Patients from cluster 2.2 were
the youngest and those being the most treated. Like in the first typology, patients
belonging to the highest consumption cluster 2.5 seemed to have more comorbidities
than the others. Patients in cluster 2.6 were among the youngest ones with the most
recent LDD status.
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4 Discussion

The main aim of this pioneer study was to estimate the care consumption of the pa-
tients affected with MS over the 2007-2013 period in France. State sequence anal-
ysis using optimal matching was used to approach the concept of care pathway and
build a typology of care consumption. Sequence analysis is usually employed in so-
cial sciences (transitions from education to work [Brzinsky-Fay, 2007, McVicar and
Anyadike-Danes, 2002], career patterns [Anyadike-Danes and McVicar, 2005, Bie-
mann and Datta, 2014], etc.) and genetics. Our research question on chronological
events and type of data at our disposal offered the opportunity to apply this method
in health field.

The study of care pathways reveals five groups of consumption for complete
pathways and six for incomplete ones. In the two cases, clusters are mostly driven
by a particular state dominating the sequences and show a gradation in care con-
sumption. So, it seems that patients having a low care consumption are older, with
along LDD duration and less treated. Patients having a medium-low care consump-
tion are younger and use DMTs, whereas those having a high consumption seems
to be older and have more comorbidities than the others. It appears that the two par-
titions’ clusters are similar on individual characteristics and care consumption. This
result are observed despite the split realised on sequences’ length and the last cluster
of the second typology of people entering the cohort later than 2010, which could
need to be studied separately. Therefore, it would be interesting to study more accu-
rately the two partitions gathered together in order to have a five clusters’ typology.

Our study has several advantages. Firstly, it is based on a representative ran-
dom sample of the French population, reducing selection bias. Characteristics of our
study population being close to those of MS patients in France [Foulon et al., 2015],
it tends to consider that our population is quite representative of MS-affected people
in France. Then, the two databases permit to access all reimbursed care consump-
tion of patients, independently from self declaration and thus minimising memory
bias. Moreover, it conducts to a care consumption as closely as possible to the true
consumption of the study population (except concerning adherence to DMTs).

Concerning the statistical analysis, state sequence analysis is an innovative
method in the field of care pathways to our knowledge. Furthermore, the choice
to split and then analyse sequences according to their length avoids the creation of
a cluster devoted to patients entering the cohort with delay. Similarly, the creation
of a state devoted to the “death” status would have conducted to a cluster mainly
formed of people dying during the follow-up.

However, some limitations can be mentioned. The first comes from the database
itself, since people can get out from the EGB without any indication in the data
if they leave one of the covered system, but this should concern only a very little
number of people and not affect our results. Furthermore the database does not in-
clude outpatient visits with public neurologists, despite we know that MS expert
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centres are mainly located in French university hospital. Therefore they were im-
puted, but the true consumption is certainly greater than the one assigned. Indeed,
with the chosen scheme of imputation, we can’t take into account adverse events
at DMT initiation or follow-up care visits of untreated patients, but only the visits
needed for yearly prescriptions. However these two limits can be overcome with
the access to the French National Health Insurance Information System (Systeme
National d’Information Inter-Régimes de I’Assurance Maladie (SNIIRAM)) from
which our data were randomly selected.

Concerning statistics, only few individual characteristics were available to de-
scribe the partitions, since administrative databases do not contain clinical data. Al-
though a discrepancy analysis and a regression model were considered, they were
not presented since the pseudo-R? calculated were too small (lower than 0.05). We
are currently developing algorithms to estimate relevant clinical parameters such as
motor disability, based on the rentals and purchases of mobility aids and on spas-
ticity’s drugs deliveries, or adherence to treatments, using parameters described by
Hess et al. [Hess et al., 2006]. Comorbidities will also be deeper explored, follow-
ing works on Canadian databases and recommendations from Marrie et al. [Marrie
et al., 2014, Marrie et al., 2016].

Another limit of this study comes from the weakness of the quality of the two
partitions obtained, which can not permit to assess a strong structure in the data.
However, this frailty can come from the fact that patients were not at the same stage
of the disease during the 2007-2013 period and that care consumption may depend
on several factors, such as MS-relapses or DMTs for example. Moreover, we worked
on calendar years and had no information on MS-onset of patients, which do not
permit to left-align sequences. To overcome this problem, we are trying to identify
incident MS cases with an algorithm based on the work of Marrie et al. [Marrie
et al., 2010] and thus study the impact of MS-onset on care consumption.

Finally, this study permits to describe for the first time the care consumption of
MS-affected people in France over the 2007-2013 period with objective and quanti-
tative information. The two typologies based on care pathways and obtained through
sequence analysis are close to each other and reveal different ways of consumption
among patients. This work, only constituting a preliminary draft, is going to be con-
tinued on the whole French population affected with MS, thanks to French National
Health Insurance Information System. It will aim at examining more accurately care
pathways, by analysing outpatient visits, biological exams, medical imaging exams,
paramedical and other specialists care amongst others. In parallel, it will be de-
signed to exploit administrative databases in order to have more relevant parameters
explaining care consumption, such as level of disability or adherence to treatments.
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