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Abstract:  

Background: The advent of new, potent, disease-modifying therapies has dramatically changed the 

management of multiple sclerosis (MS). Along with these possibilities, it is crucial to better recognize 

patients who are at risk of first line treatment (FLT) failure and switch to highly effective therapies 

(HET). 

Objectives: To identify baseline prognostic factors associated with FLT failure in relapsing remitting 

MS (RR-MS) patients. 

Methods: We included recently diagnosed RR-MS patients starting a FLT identified from 3 French 

MS centers databases. Baseline characteristics were included in a multivariate Cox analysis to identify 

the main factors associated with FLT failure. 

Results: Seven hundred eighty-six patients were included. We observed an overall rate of treatment 

failure of 23.5%. The main baseline characteristics associated with treatment failure were age <26 

years at treatment start (HR= 2.2, p<0.001), EDSS ≥2 (HR=2.1, p<0.001) and ≥2relapses in the 

previous year (HR=1.5, p=0.05).  The association with the presence of gadolinium enhancement on 

MRI was not statistically significant. EDSS progression was only significantly associated with age at 

treatment start and treatment failure. 

Conclusion: Our series demonstrates that some clinical and imaging factors are associated with 

treatment failure, and should be considered when planning treatment strategy in patients with recently 

diagnosed RR-MS. 

 

 



Introduction 

Multiple sclerosis (MS) is a chronic, potentially debilitating, inflammatory disease of the central 

nervous system. [1],[2] In most of the cases, a relapsing-remitting (RR) phase with clinical relapses 

and complete or almost complete recovery is followed by a progressive phase with gradual 

accumulation of disability. [3],[4] In recent years, the therapeutic landscape of MS has dramatically 

changed, and an increasing number of first line and second line (or highly effective) therapies are 

currently available to treat relapsing remitting (RR) MS. [5]  

Despite their already proven ability to decrease short-term annual relapse rate and disability, first-line 

therapies (FLT), either injectable or oral forms, have been shown to have less efficacy than second-

line treatments also designated as highly effective therapies (HET) on clinical and radiological 

measures of disease severity.[5]–[8] Moreover, real life studies have shown that early use of HET was 

associated with lower annualized relapse rate and lower long-term disability progression.[9],[10] 

Finally, it has been shown that almost 50% of the patients starting FLT will need to switch, mainly for 

efficacy issues, to HET in the short-term period.[11]–[15]  

Regardless of this relatively modest efficacy, FLT have been suggested to improve long-term 

prognosis of the disease and some patients remain controlled after years suggesting that they are 

adequate to a significant (possibly small) proportion of patients.[16] The main factors associated with 

treatment failure and short-term disease activity/progression include age, EDSS, brain and spinal cord 

lesions, disease duration at treatment initiation as well as evidence of ongoing clinical and/or 

radiological activity. [11],[17]–[20] Unfortunately, clear predictors of FLT failure, based on baseline 

clinical, radiological and biological characteristics, are missing. Thus, it is of importance to better 

identify factors that will predict inefficacy of FLT and require a switch to HET. 

The objectives of our study were 1) to assess, over a long-term follow-up, the proportion of patients 

with FLT failure who will need a switch from a FLT to a HET and 2) to ascertain baseline 

characteristics predictive of treatment failure and switch to HET which could help to identify patients 

who will potentially benefit from immediate HET. 



Material and methods 

Patients and data collection 

We performed a multicentre retrospective study involving 3 large tertiary French MS centres 

(Marseille, Montpellier, Strasbourg) who are part of the OFSEP registry. All French neurologists using 

European database for multiple sclerosis (EDMUS) agreed to participate and to open the collection of 

data.[21] Data collection, using a minimal mandatory data set, is organised during routine follow-up 

outpatients’ visits. It includes socioeconomic and demographic variables as well as clinical and 

magnetic resonance imaging (MRI) follow-up data collected prospectively since the first visit. 

Inclusion and exclusion criteria 

All patients with a diagnosis of RR-MS or CIS (according to 2010 revision of McDonald criteria) at 

initiation who had started a FLT in our centres between January 2008 and December 2018 were 

included.[22]  

Patients with insufficient follow-up data, patients who had been previously treated with second-line 

therapy and patients with delay between disease onset and treatment start > 5 years were excluded. 

Data collection 

The following data were collected at baseline (treatment initiation): demographics (age, gender), 

clinical data (date of onset of the disease, disease duration, number of relapses in the previous year, 

Expanded Disability Status Scale (EDSS), previous relapse type (optic neuritis vs other symptoms), 

biological results (presence of CSF-specific oligoclonal bands) and brain and spinal-cord MRI 

(number and location of T2 lesions: ≥9 lesions, presence of gadolinium-enhancing lesions, spinal cord 

involvement). Relapse definition was done according to experienced neurologist opinion. During 

patients’ follow-up, relapses, EDSS, treatments and MRI results were prospectively collected, usually 

at least once per year. For the EDSS analysis, an EDSS increase was identified as 1.5-point change if 

baseline EDSS was 0, a 1-point change if baseline EDSS was ≥ 1 and < 5 and 0.5-point-change if 

baseline EDSS was > 5. 



Disease-modifying therapies 

Considering the therapy, the following variables were collected: date of treatment onset, date of switch 

to a HET, reason for the switch (either efficacy or intolerance/other reason, extracted from the 

database). Only switch from FLT to HET for efficacy issue (and not for other reasons such as 

intolerance or convenience) was considered as a treatment failure. According to previously published 

randomized controlled trials, teriflunomide, dimethyl fumarate, glatiramer acetate and beta interferons 

were considered as FLT. They were all classified as a single group. HET considered in the study were: 

Natalizumab, Fingolimod, Rituximab and Ocrelizumab.  

Statistical analysis 

Baseline characteristics of the participants were described with frequency and proportions for 

categorical variables and for continuous ones, with mean and standard deviation if distribution was 

normal (Shapiro-Wilk statistics), the median and interquartiles (25-75%) were given; if otherwise.  

Probability of switch and EDSS increase were estimated by the Kaplan-Meier method. The log rank 

test was performed to compare the probability of switch and EDSS increase according to the main 

baseline characteristics. The multivariate analysis was performed with Cox’s proportional hazards 

regression model. All the variables for which the log-rank test returned a p-value £ 0.20 were entered 

in the model. A backward selection of variables was applied. The adjusted hazard ratios and their 95% 

confidence interval (CI) were reported.  

A sensitivity analysis was performed to assess the centre effect in a frailty cox model with a shared 

gamma frailty included to account for possible within-patient correlation due to the center. 

When the risk was not log-linear, continuous variables were transformed as dichotomic variables. The 

threshold used were determined using ROC with Youden index. The cut-off values were the 

following: age < 26 years, EDSS < 2, number of relapses in the previous year <2. 

All analyses were two-tailed, with a p-value of <0.05 considered statistically significant. The statistical 

analyses were carried out using SAS statistical software version 9.1 (Cary, NC, USA) and graphs were 



generated using R statistical software (www.r-project.org, version 4.0.2) with ggplot2 package 

(version 3.3.1). 

Ethical considerations 

All patients included in the OFSEP cohort sign an informed consent to have their medical data 

collected in routine practice used after anonymization and aggregation for research purposes. Data 

confidentiality and safety are ensured according to the recommendations of the French Commission 

Nationale Informatique et Libertés (CNIL). OFSEP has received approval for storing clinical, 

biological, and imaging data for research purpose. Patients give informed consent for their data to be 

stored in the database and used for research, in France and abroad (www.ofsep.org/en/cohort/ofsep-

consent). The cohort has been registered to clinicaltrials.gov under the number NCT02889965. 

According to French law, this study was covered by this general approval and did not require any 

additional procedure.  

  

Results 

Baseline characteristics 

Seven hundred eighty-six patients (72% of women) fulfilled the inclusion criteria and were included in 

the analysis. Baseline characteristics of the participants are depicted in Table 1. Brain and spinal cord 

MRI were respectively available for 75% and 64% of the patients. The proportion of patients with ≥9 

T2/FLAIR lesions, gadolinium enhancing lesions and spinal cord lesions were respectively 78.1%, 

62.3% and 74.8%. Five hundred twenty-eight patients (67%) had a lumbar puncture performed: CSF-

specific oligoclonal bands were identified in 93.2%. FLT choices were respectively Teriflunomide 

(16.9%), Dimethyl fumarate (15.4%), Glatiramer acetate (24.4%) and interferon beta (43.3%). 

Treatment failure 

Mean follow-up duration was 5.3 years (+/-3.2). Treatment failure was identified in 23.5% of the 

patients. Mean delay from onset of FLT to treatment switch was 6.7 years (SD: 3.0). The probability 

of switch were respectively 14.9% at 2 years, 29.9% at 5 years and 42% at 10 years.  



The main baseline characteristics associated with treatment failure are disclosed in table 2. Univariate 

cox analysis showed that the main factors were age < 26 years at FLT start, EDSS ≥2, number of 

relapses ≥2 in previous year, presence of spinal cord lesions and, to a lesser extent gadolinium 

enhancement (figure 1). A multivariate cox regression (with and without multiple imputations) 

performed on five hundred thirty patients confirmed that age at treatment start, baseline EDSS and 1-

year annualized relapse rate before treatment initiation were the main predictors of a treatment failure 

(table 2). Even if the presence of gadolinium enhancing lesions was also associated with therapeutic 

switch, owing to its strong relationship with the age of patients, the association did not remain when 

age was added as a covariate. Indeed, age of patients with gadolinium enhancement was significantly 

lower (32.6 +/- 10 years vs 35.4 +/-10.1 years). The sensitivity analysis including the centre effect in a 

frailty cox model confirmed these results. 

According to these results, we assessed the overall probability of switch to HET according to a 

combination of risk factors. Factors used for this estimation were age (< or ≥26 years), baseline EDSS 

(< or ≥2), relapses in the previous year (< or ≥2) and the presence of gadolinium enhancing lesions on 

initial MRI. Taking patients with 0-2 risk factors as a reference, the hazard ratio for patients with 3-4 

risk factors was 1.65 (Figure 2, p=0.006). At 2 years, the relative risks of switch were respectively 

15% and 25%. At 5 years, these risks were 32.5% and 47%.  

EDSS changes  

A subgroup of 464 patients with EDSS available at baseline and during the follow-up was 

analysed. According to our definition, 12.3% of the patients exhibited confirmed EDSS 

worsening during their follow-up. They were respectively 6.4% at 2 years, 16.3% at 5 years 

and 36% at 9 years. A multivariate cox regression identified that the only factors associated 

with EDSS increase were age, treatment failure (respectively HR of 1.05 for each year 

increase in age and 4.72; both p<0.001) and, albeit not significantly, the identification of 

spinal cord lesions (p=0.09).  

 



Discussion 

Our results confirm that treatment failure requiring switch from FLT to HET is common in patients 

with recently diagnosed MS with a probability of more than 30% to experience treatment failure and 

therapeutic switch after a mean follow-up of 5 years.  

To date, the main factors known associated with therapeutic failure and short-term disease 

activity/progression, included:  oligoclonal bands, younger age, higher EDSS, brain and spinal cord 

lesions, disease duration at treatment initiation as well as evidence of ongoing clinical and/or 

radiological activity within the first year after treatment onset. [11],[18]–[20],[23] Our study, focusing 

on baseline characteristics at treatment initiation identified that younger age, higher EDSS and 1-year 

annualized relapse rate were predictors of treatment failure. This is in line with the data from Rio and 

colleagues and with a recent study by Saccà and colleagues addressing this issue since they also 

identified younger age and higher EDSS as predictive factors.[11] With respect to OCBs, owing to a 

high positivity rate (93%), our study was underpowered to identify OCBs as a predictive factor.  

In our study, age at treatment onset was strongly associated with treatment failure and switch to HET 

with an aHR of +/- 2.2 for patients <26 years old. Although this finding can be surprising, one should 

note that this confirms previously published data specifically addressing treatment failure in distinct 

cohorts with a mean difference of 4 years between switchers and non-switchers (Sacca, Rio EJN 12, 

TETER Gauthier). Moreover, in line with previous studies, our results confirm that higher annualized 

relapse rate and baseline EDSS are predictive of treatment failure (SACCA RIO TETER MAIS 

AUSSI Gauthier 2009 J Neurol Sc, tintore)  

During the last 2 decades, on-treatment MRI has been demonstrated to be an essential tool (with 

similar odds ratio than relapses alone) to assess disease activity and monitor its evolution.[18],[19] 

Besides baseline clinical characteristics, our multivariate analysis also suggested that pre-treatment 

gadolinium enhancing lesions were associated with treatment switch. Nevertheless, this association 

was not confirmed when age was added as a covariate. This may be, at least partly, explained by the, 

already reported, correlation between gadolinium enhancement and younger age that we observed.[24] 



In contradiction with the recent study by Saccà and colleagues, lesion load and spinal cord lesions 

were not predictive of treatment switch.[11] This seems not surprising since it has been repeatedly 

shown that brain and spinal cord lesions are more tightly associated with medium- and long-term 

disability than with short-term disease activity (an thus, probability of treatment switch to HET). [25]–

[28]  

Neurologists are in search for predictive markers that should help them to manage patients and predict 

future evolution of the disease. As it was previously shown by Saccà and colleagues, using a simple 

score, we were able to identify patients who are at higher risk of treatment failure and thus should be 

proposed immediate HET as a -FLT. Our results confirm that age (26 years old in our series, 35 years 

old in the series from Saccà) and EDSS (< or ≥2) are essential predictors of treatment failure. Patients 

who exhibit 3 or 4 of these factors have a nearly 50% increase of the relative risk of treatment switch 

for therapeutic failure at 2 and 5 years.  Nevertheless, we also suggest that none of these factors (even 

the combination of these factors) can clearly identify patients who are at very high risk of disease 

breakthrough under FLT and who need treatment escalation to HET.  

Besides the risk of ongoing disease activity, it is of importance to identify whether our treatment 

strategy is associated with a reduction of disability progression. Indeed, in a recent analysis by malpas 

and colleagues, it has been demonstrated that age > 35 years old at MS onset, EDSS≥3 in the first year 

and having pyramidal signs  in the first year were predictive of reaching EDSS≥6 within 10 years.[29] 

Although our analysis was limited by the relatively small size of our cohort, we could confirm that age 

at MS onset was associated with EDSS worsening. Moreover, it has frequently been shown that 

delaying treatment initiation and treatment switch could be associated with worse clinical outcomes. 

[9],[10],[30] In our study, median delay to treatment switch was only 24 months suggesting that, at the 

beginning of the disease, patients are closely monitored and most of the patients rapidly switch in the 

presence of clinical and/or radiological evidence of disease activity. Nevertheless, despite a relatively 

rapid change from FLT to HET, patients switching to HET had a 5 times higher risk of EDSS increase 

than in patients remaining on FLT.  



Our study has some limitations mainly related to its retrospective and observational design as well as 

its relatively small sample size. They notably include the potential heterogeneity of the data from 3 

different centres (indication bias, treatments and attitude toward treatments) but taking the center 

effect into account in a frailty cox model did not modify the results obtained in terms of estimation. 

Moreover, owing to the more recent availability of ocrelizumab, we may suppose that, mainly due to 

its convenience, switch if currently more rapidly considered leading to historical bias. Nevertheless, 

our data did not evidence significative changes between epochs (data not shown). 

In conclusion, we confirm that, in a relatively contemporary cohort, more than 30% of the patients 

who initiate FLT will switch to second line therapies within less than 5 years of treatment. Although 

these data need further validation in independent and larger cohorts, we propose that younger patients 

with EDSS≥2 and high annualized relapse rate as well as gadolinium enhancing lesions, should benefit 

from HET as a FLT.  
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Figures legends 

Figure 1: Cumulative proportion of patients switching for inefficacy. According to age (a), baseline 

EDSS (b), total number of relapses in the previous year (c) a,d presence of gadolinium enhancing 

lesions (d). 

 

Figure 2: Cumulative probability of switch for inefficacy in patients who started a first-line therapy. 

The baseline factors were age (younger than 26 years), EDSS (higher than 2), presence of gadolinium 

enhancing lesions and number of relapses in the year preceding the treatment start (equal or higher 

than 2). 

 



Tables : 

Table 1 : Patients’ characteristics at baseline.    

Clinical features n N=786 (with 

only switch 

for inefficacy 

vs No Switch)  

Switchers  

(n= 185 ) 

Maintainers 

 (n= 601) 

Age at treatment start, mean 

(SD), IQR 

786 34.1 (10.3), 

26-41 

31.2 (9.4), 

23-38 

35.0 (10.4), 

27-42 

Women, n (%) 786 567 (72.14%) 128 (69.19%) 439 (73.04%) 

Disease duration at treatment 

start, mean (SD)  

786 1.0 (1.0) 1.0 (1.0) 1.1 (1.0) 

Relapses in the previous year, 

mean (SD) 

786 1.2 (0.7) 1.4 (0.8) 1.1 (0.7) 

Relapses in the previous 2 

years, mean (SD) 

786 1.5 (0.8) 1.7 (0.8) 1.4 (0.8) 

EDSS, mean (SD) 608 1.0 (1.1) 1.3 (1.2) 0.9 (1.1) 

Follow-up, years (SD) 786 5.3 (3.2) 6.7 (3.1) 4.8 (3.1) 

First line therapy, n (%) 786    

   Interferon Beta  340 (43.3) 106 (57.3) 234 (38.9) 

   Glatiramer acetate 212 (24.57%) 192 (24.4) 40 (21.6) 152 (25.3) 

   Teriflunomide 139 (16.11%) 133 (16.9) 20 (10.8) 113 (18.8) 

   Dimethyl fumarate 130 (15.06%) 121 (15.4) 19 (10.3) 102 (17.0) 

MRI findings     

   Active lesion, yes, n (%) 663 413 (62.3) 109 (69.0)/ 

n=158 

304 (60.2) 

n=505 

   >= 9 T2/FLAIR, yes, n (%)  585 457 (78.1) 107 (80.5)/ 

n=133 

350 (77.4)/ 

n=452 

   Spinal cord lesions, yes, n 

(%) 

520 389 (74.8) 97 (85.1)/ 

n=114 

292 (71.9)/ 

n=406 

Oligoclonal bands, yes, n (%) 528 492 (93.2) 119 (96.0)/ 

n=124 

373 (92.3)/ 

n=404 

 



Table 2: Univariate and multivariate Cox analyses of the prediction of treatment failure and 

therapeutic switch. 

 

 

 UNIVARIATE MULTIVARIATE  MULTIVARIATE WITH MULTIPLE 

IMPUTATION 

Variables CHR  95% CI p-value AHR  95% CI p-value AHR  95% CI p-value 

Age (years)           

≥26 1 - - 1 - - 1   - - 

<26 2.19 [1.62 ; 2.97] <0.001 2.24 [1.54 ; 3.26] <0.001 2.19 [1.60 ; 3.00] 

 

<0.001 

Baseline 

EDSS 

         

<2 1 - - 1 - - 1 - - 

≥2 2.05 [1.56 ; 2.89] <0.001 2.05 [1.42 ; 2.95] <0.001 2.09 [1.46 ; 2.99] <0.001 

Relapses in 

the previous 

year 

         

nb<2 1 - - 1 - - 1 - - 

nb≥2 1.48 [1.10 ; 1.99] 0.009 1.51 [1.05 ; 2.16] 0.024 1.36 [1.01; 1.83] 0.046 

Gadolinium 

enhancing 

lesions 

         

Absence 1 - - 1   1 - - 

Presence 1.37 [0.98 ; 1.92] 0.064 1.28 [0.87 ; 1.88] 0.208 1.21 [0.85 ; 1.71] 0.296 

CHR : crude HR 

AHR : adjusted HR 

 

 

  










