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BACKGROUND & OBJECTIVE
Background
Choosing a disease modifying agent (DMA) for patients with multiple sclerosis (MS) depends on the
patient and provider’s preferences, the patient’s comorbidities, and MS symptoms [15,3,19]. Several
DMAs are available worldwide, however there is no standard for selecting a DMA [4,18,13]. Tradeoffs to
consider include tolerance and efficacy as well as adherence and safety [9,8]. Few studies have assessed
factors associated with prescribed DMAs for patients with MS [5,3].
One in one thousand people are estimated to suffer from MS in France, causing France to have one of the
highest prevalences of MS in the world [1]. In France, all healthcare costs associated with the treatment
of MS are covered as it is classified as one of the thirty long-term illnesses [6].

Objective
The aim of this study was to identify factors associated with prescribing oral DMAs for MS patients in
France using electronic medical record (EMR) data.
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METHODS
Data Source
This retrospective study used Cegedim The Health Improvement Network® (THIN®) outpatient EMR
data from France between July 01, 2016 and June 30, 2019. THIN® is an anonymized EMR powered by
Cegedim Health Data®–division. THIN® is a large European database, collecting data at the physicians’
level.
The data set was transformed into the Observational Medical Outcomes Partnership (OMOP) Common
Data Model, v5 [14].

Study Design
Adult (≥18 years of age) MS patients (International Classification of Diseases, 10th Revision (ICD-10)
code G35) with evidence of a DMA prescription were identified and were classified into an oral or
injectable cohort based on the first prescription (index exposure) between January 01, 2017 and June 30,
2019. The date of the first prescription was assigned as the index date.
Patients were required to have ≥ 6 months of data prior to the index date, defined as the baseline period
(Figure 1).

Figure 1. Study Design

The index exposures were defined as oral or injectable and included the following:
Orals: dimethyl fumarate, fingolimod, teriflunomide
Injectables: glatiramer acetate, interferon beta-1a, peginterferon beta-1a, interferon beta-1b

Patient demographics such as age and gender were evaluated on index date.
The following baseline clinical characteristics were evaluated:
Elixhauser score [7,11,12]
Comorbidities
MS symptoms [5]
DMA prescription before but closest to index date
Symptomatic medications [5]

The proportion of patients for each category were described and compared across oral and injectable
groups.
All demographics, baseline clinical characteristics and study measures of interest were described with
univariate statistics. Mean and standard deviation for the continuous variables, and relative frequency and
percentage for categorical variables were calculated.
The statistical significance was assessed by using the Welch two sample t-test for continuous variables
and 2-sample test for equality of proportions without continuity correction for categorical variables. A
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conventional alpha of 0.05 and a two-tailed level of significance was used. All statistical analyses were
performed using R v1.1.456.
A logistic regression model was used to measure the relationship between prescribing an oral DMA and
patients’ baseline demographic and clinical characteristics.
Marginal effects were estimated [16,17]
The goodness-of-fit was assessed using Hosmer-Lemeshow goodness of fit test
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FIGURES & TABLES

Table 1. Patient Attrition

Table 2. Baseline Patient Characteristics
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Table 3. Baseline Medication Use
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Table 4. Logistic Regression Modeling: Oral Prescription Likelihood
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RESULTS
There were 969 patients included in the study (Table 1) of which 604 (62.3%) patients were in the oral
DMA cohort and 365 (37.7%) patients were in the injectable DMA.
Of the 604 patients in the oral DMA cohort; 41.2% were taking dimethyl fumarate, 23.7% fingolimod and 35.1%
teriflunomide.
Of the 365 patients in the injectable DMA cohort, glatiramer acetate (37.0%), interferon beta-1a (41.6%), peginterferon beta1a (14.2%), interferon beta-1b (7.1%). (Table 1 & Figure 2)

The average age of all the patients was 46.6±11.4 years (oral vs injectable: 45.5±10.9 vs 48.5±12.0;
p<0.001). Nearly three-fourths (71.8%) of the patients were females (67.4% vs 79.2%; p<0.001). (Table
2)
The average Elixhauser scores for all the patients was 4.2±2.2 and was statistically similar between the
oral and the injectable cohorts (4.2±2.2 vs 4.2±2.3; p=0.225) (Table 2).
Nearly half (48.1%) had a history of other neurological disorders (49.5% vs 45.8%; p=0.258). All other
comorbidities were similar across the two cohorts (Table 2).
Majority (85.2%) of the patients had no evidence of DMA prescription in the six months prior to the
baseline period. A small proportion (14.6%) of patients had evidence of DMA use in the baseline period.
Among the patients in the oral cohort, 13.6% had prior DMA use and among the injectable cohort, 16.2% had prior DMA
use.
Among patients with prior DMA use, nearly all patients had the same route of administration (Table 3).

Adjusted results: Modeling likelihood of being prescribed an oral DMA.
Each additional year of age decreased the likelihood of being prescribed an oral DMA by 0.5 percentage points (p<0.001).
Relative to women, men had a 12.4 percentage point (p<0.001) higher likelihood of being prescribed an oral DMA.
Patients that received an oral DMA during the baseline period had a 41.1 percentage point (p<0.001) higher likelihood of
being prescribed an oral DMA at index.
Patients taking analgesics during the baseline period had a lower likelihood of being prescribed an oral DMA by 10.4
percentage points (p=0.026)
Over the calendar years, the likelihood of being prescribed an oral DMA increased 13.6 percentage points [p<0.001] in 2018
relative to 2017; 18.5 percentage points [p<0.001] in 2019 relative to 2017) (Table 4)
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CONCLUSION
This study provides insight into medical decision making for MS patients in the French population: a
country that provides universal healthcare coverage.
Age, gender, analgesic usage, having a previous oral DMA prescription, and the index year had
associations with receiving an oral DMA prescription vs. injectable DMA prescription.
These results are consistent with what was found in a previous study using U.S. data [5]. However, authors did not find
statistical significance by gender.
Similar to another study using U.S. data, there were no clinical factors associated with oral DMA prescriptions, although we
did find significance with analgesic usage. The potential of depression was observed here and in Desai, et al. (2019) which
did not have statistical significance in the model [3]. Authors did observe an increase in oral DMA use over increasing years
as we found when comparing prescription index dates to 2017.

Understanding factors associated with oral vs. injectable use can guide physicians in better tailoring
treatment approaches to specific patient needs and support personalized medicine approaches.

Limitations
Due to the nature of EMR data, it is unknown whether prescriptions that were prescribed to patients were
filled.
The database does not include information on the inpatient setting, therefore the use of infusions was not
captured.

Future Considerations
Expand study to include additional countries and reimbursement models
Include infusible data and functional status data to account for variation in patient severity
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