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Abstract
Background The increase in disease-modifying drugs (DMDs) allows individualization of treatment in relapsing multiple 
sclerosis (RMS); however, the long-term impact of different treatment sequences is not well established. This is particularly 
relevant for MS patients who may need to postpone more aggressive DMD strategies.
Objective To evaluate different therapeutic strategies and their long-term outcomes, measured as relapses and confirmed 
disability progression (CDP), in MS ‘real-world’ settings.
Methods Multicentre, observational, retrospectively acquired cohort study evaluating the long-term impact of different 
treatment strategies on disability outcomes in patients with RMS in the Italian MS Register.
Results We evaluated 1152 RMS-naïve patients after propensity-score adjustment. Patients included were receiving: inter-
feron beta-1a (IFN-β1a) 44 µg switching to fingolimod (FTY; IFN-switchers; n = 97); FTY only (FTY-stayers; n = 157); 
IFN-β1a only (IFN-stayers; n = 849). CDP and relapses did not differ between FTY-stayers and IFN-switchers [HR (95% 
CI) 0.99 (0.48–2.04), p = 0.98 and 0.81 (0.42–1.58), p = 0.55, respectively]. However, IFN-stayers showed increased risk of 
relapses compared with FTY-stayers [HR (95% CI) 1.46 (1.00–2.12), p = 0.05].
Conclusion The ideal treatment option for MS is becoming increasingly complex, with the need to balance benefit and risks. 
Our results suggest that starting with FTY affects the long-term disease outcome similarly to escalating from IFN-β1a to FTY.

Keywords Multiple sclerosis · Interferons · Long-term outcomes · Real-world setting · Treatment sequences · EDSS score

Introduction

Multiple sclerosis (MS) is a chronic, inflammatory, degener-
ative disorder of the brain and spinal cord with a prevalence 
of about 2.3 million individuals. Although the typical onset 
is in young adulthood, 3–5% of cases occur in childhood or 
adolescence. Approximately 80% of patients with MS follow 
a relapsing–remitting course of the disease, characterized 
by acute attacks and worsening of symptoms, followed by 
periods of remission [1, 2].
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Therapeutic strategies in the MS landscape are rapidly 
changing. Disease-modifying drugs (DMDs), such as inter-
ferons (IFNs), have been widely used as first-line therapy 
in patients with relapsing MS (RMS). However, for many 
patients these injectable treatments have a suboptimal tol-
erability profile; moreover, they are only partially effec-
tive, and patients with RMS may need to switch from one 
DMD to another [3]. In particular, two different therapeutic 
approaches can be adapted to patients with RMS. Escala-
tion consists of starting a first-line DMD early and if this is 
ineffective, switching to second-line drugs; whereas induc-
tion therapy supports the early use of second-line DMDs 
that could present safety concerns and are, therefore, usually 
reserved for non-responders.

In this context, there is an urgent need to bridge the 
knowledge gap between the availability of an increasing 
number of effective drugs and understanding how to offer 
the appropriate treatment to the right patient at the right 
time, gathering real-world data on long-term outcomes. As 
a consequence, understanding the long-term impact of dif-
ferent drugs is critical to define treatment sequences, as it 
still remains an issue to unravel [4].

Established evidence about a positive effect on the prob-
ability of reducing long-term disability progression is avail-
able, especially for injecting first-line therapies [5, 6]. Fur-
thermore, a recent publication of a meta-analysis conducted 
to assess the first- and second-line therapies in patients with 
relapsing–remitting MS showed that IFN beta-1a (IFN-β1a) 
given subcutaneously (SC) three times weekly seemed to 
have the most favourable benefit–risk ratio among first-line 
DMDs [7].

In contrast, the TRANSFORMS clinical study showed the 
superiority of oral fingolimod (FTY) compared with intra-
muscular IFN-β1a in clinical and magnetic resonance imag-
ing (MRI) parameters in patients with relapsing–remitting 
MS [8], despite data on efficacy of the oral drugs, including 
FTY, in preventing disability progression, not being con-
clusive, as indicated by results from the two pivotal phase 
3 studies [8, 9]. In addition, the registration trial of FTY 
(FREEDOMS) [9] included a placebo group, and its long-
term extension [10] showed that patients initially on pla-
cebo performed worse long term compared with FTY, even 
though they showed significant improvements in clinical and 
MRI measures, essentially replicating, in this within-group 
comparison, the findings from the between-group compari-
son in FREEDOMS. However, nowadays, the long-term 
efficacy profile of DMDs is demonstrated in head-to-head 
trials with a comparator group with active treatment. An 
approach that better resembles clinical practice and is more 
similar to the experience provided from the long-term exten-
sion of the TRANSFORMS study, in which the continuous-
FTY group showed a better control of annualized relapse 
rate compared with the IFN-β1a 30 µg-switch group, but 

disability progression and MRI outcomes at the end of the 
extension phase were not significantly different between the 
groups. This may have shown the possibility that different 
treatment approaches may have similar long-term effects on 
disability progression, providing a first input to the possibil-
ity to postpone FTY use during treatment sequencing [11].

The aim of our study was to evaluate long-term outcomes 
of different sequences of treatment, in terms of disability 
progression in RMS-naïve patients, by focusing on the direct 
comparison between two drugs, IFN-β1a 44 µg and FTY, 
which both have a pivotal role in MS therapy, IFN-β1a being 
a standard first-line treatment, with consistent efficacy and 
safety data, and FTY being the first oral therapy.

Considering that big data registries offer the opportunity 
to study real-world clinical outcomes in large cohorts of 
patients, the strengths of our work are the ‘real-world’ set-
ting, representative of daily clinical MS practice, and the 
huge cohort of patients collected in the Italian MS Register, 
the largest national clinical database, with about 140 Italian 
MS centres connected [12].

Patients and methods

Study design

We conducted a multicentre, observational, retrospectively 
acquired cohort study, to evaluate the long-term impact 
of different treatment strategies on disability outcomes in 
patients with RMS. Anonymized clinical records of patients 
with RMS, from their first treatment with IFN-β1a SC 44 µg 
or FTY to their last follow-up on treatment with FTY or 
IFN-β1a SC 44 µg, were extracted from the Italian MS 
Register [12], between 1 January 2010 and May 2017. The 
decision on how and when to prescribe IFN or FTY was the 
responsibility of the treating neurologist at each MS centre. 
The time interval between IFN-β1a SC 44 µg cessation and 
switching to FTY was considered as an untreated wash-out 
period. Main exclusion criteria were: patients who did not 
have a diagnosis of MS based on McDonald criteria 2010 
[13] or progressive MS; patients who started with a differ-
ent DMD to IFN-β1a SC 44 µg or FTY or were exposed to a 
different DMD; patients with a wash-out period ≥ 3 months 
after IFN-β1a 44 µg cessation.

RMS-naïve patients meeting the eligibility criteria were 
divided into three groups: patients treated only with FTY 
until their final follow-up (FTY-stayers); patients who 
started with IFN-β1a SC 44 µg and were switched to FTY, 
as first option, and received FTY until the final follow-up 
(IFN-switchers); patients receiving IFN-β1a SC 44 µg from 
their first therapy until the final follow-up (IFN-stayers).

We evaluated two distinct comparisons. The first com-
parison was between FTY-stayers and IFN-switchers; in 
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both cohorts, baseline was the first prescription of FTY. 
The second comparison was between IFN-stayers and 
FTY-stayers, where baseline was the first prescription of 
IFN or FTY, respectively. The switch from IFN to FTY 
was assessed on the basis of clinical activity. The outcome 
of the study was the evaluation of confirmed disability 
progression (CDP) and relapses from baseline to first event 
(for patients with an event) or last information at follow-up 
(for patients without an event).

CDP events were defined as ≥ 3-month confirmed 
increases of: ≥ 0.5 points for patients with a baseline 
Expanded Disability Status Scale (EDSS) score > 5.5; 
≥ 1.0 point for those with a baseline EDSS score between 
1 and 5.5, inclusive; and ≥ 1.5 points for those with a base-
line EDSS score of 0. A minimum of three visits (includ-
ing baseline) with EDSS score evaluation was required. 
EDSS scores recorded within 30 days after the onset of a 
relapse were excluded.

Statistical analysis

The characteristics were expressed as median and inter-
quartile range (IQR) or frequency and percentage for con-
tinuous and categorical covariates, respectively. The com-
parisons between groups (FTY-stayers vs IFN switchers 
and FTY stayers vs IFN stayers) were assessed with the T 
test (or Mann–Whitney U test as appropriate) for continu-
ous variables and the χ2 statistic for categorical variables.

Cumulative incidence probability was reported accord-
ing to the Kaplan–Meier method as explorative analysis. 
To minimize the imbalance, initial treatment effects were 
also adjusted by a propensity score (PS) in quintiles for 
age at baseline and EDSS score at baseline, relapses in 
the previous year, sex and clinical onset (monofocal vs 
multifocal), and disease duration from the onset to base-
line. The evaluation of balance also considered squared 
transformation of continuous covariates and interaction 
terms between covariates. Multivariate Cox proportional 
hazard regression models adjusted for PS were performed 
to identify predictive factors for time to first relapse or first 
confirmed EDSS worsening event. Therefore, an algorithm 
generates a predicted probability for each subject (PS). 
The Cox models adjusted for PS were censored at 3 years 
to also balance for different length of follow-up.

To better underline differences in the two treatment 
strategies in mild-to-moderate patients, subgroup analy-
ses were performed, stratifying patients for baseline EDSS 
score (≤2 and > 2), one previous relapse before baseline, 
and difference between first and baseline EDSS scores. p 
values were two-sided, and p < 0.05 was considered to be 
statistically significant. Analyses were carried out using R.

Results

Of 2319 patients selected from the Italian Register, 1167 
were not eligible (Fig. 1).

Of the remaining 1152 patients (166 FTY-stayers, 
112 IFN-switchers, and 874 IFN-stayers), a further 49 
were excluded from the analysis because they had < 3 
visits. Therefore, data for 157  FTY-stayers, 97 IFN-
switchers, and 849 IFN-stayers were analysed; however, 
the core analyses were in the two groups of FTY stayers 
and IFN switchers. The median time to IFN-switch was 
54.5 months (IQR 38.9–90.1).

Baseline characteristics of the cohort by treatment 
group are shown in Table 1. The demographic and disease 
characteristics were generally similar between the FTY 
stayers and IFN switchers. In particular, most patients 
were female, with a monofocal onset, and a mild-to-mod-
erate baseline EDSS score. In contrast, FTY stayers were 
significantly different from IFN stayers, with a higher age 
and EDSS score at baseline.

The descriptive results from survival analyses by 
Kaplan–Meier curves comparing FTY stayers with IFN-
switchers are shown in Fig. 2. No differences in terms of 
Log-rank test were seen for CDP (p = 0.28) (HR 0.71; CI 
0.38–1.32) or relapses (p = 0.55) (HR 0.85; CI 0.49–1.47) 
during the follow-up in the two groups.

To simulate a randomization with respect to the treat-
ment groups (IFN-β1a 44 μg SC or FTY) and to cancel the 
imbalance with respect to the other characteristics associ-
ated with the outcome, we performed a PS adjustment. 
An algorithm generated a predicted probability for each 
subject (PS). After the PS adjustment, we did not observe 
any differences between FTY-stayers and IFN-switchers 
in CDP [hazard ratio (HR) 0.99; 95% confidence interval 
(CI) 0.48–2.04; p = 0.98] (Fig. 3).

Considering the effect on relapses, the two different 
treatment strategies showed overlapping results. We did 
not find statistically significant differences between the 
number of patients with relapses in either the FTY stayers 
or the IFN-switchers group (HR 0.81; 95% CI 0.42–1.58; 
p = 0.55).

The descriptive results from survival analyses by 
Kaplan–Meier curves comparing IFN stayers with FTY 
stayers are shown in Fig. 4. No differences in terms of 
Log-rank test were seen for CDP (p = 0.06) (HR 0.65; 
CI 0.41–1.01) or relapses (p = 0.08) (HR = 1.38; CI 
0.96–1.98) during the follow-up in the two groups. How-
ever, when we compared IFN stayers with FTY stayers, we 
found a higher risk of relapses in the IFN stayers group 
(HR 1.46; 95% CI 1.00–2.12; p = 0.05) (Fig. 4).

We also performed subgroup analyses, stratifying both 
FTY stayers and IFN switchers for baseline EDSS score 
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(≤ 2 or > 2) and the number of relapses during the year 
pre-baseline (1 or > 1). In patients with an EDSS score 
≤ 2, no statistically significant differences were found 

at 3-month CDP between the two groups (p = 0.56); 
the same result was obtained in patients with an EDSS 
score > 2 (p = 0.64). Considering the number of relapses, 
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• 166 FTY-Stayers
• 112 IFN-Switchers
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Fig. 1  Flow of the study. EDSS Expanded Disability Status Scale, FTY fingolimod, IFN interferon

Table 1  Demographic data at baseline

CDP confirmed disability progression, EDSS Expanded Disability Status Scale, FTY fingolimod, IFN interferon, IQR interquartile range

FTY-stayers (n = 157) IFN-switchers (n = 97) IFN-stayers (n = 849) p value FTY-
stayers vs IFN-
switchers

p value FTY-stay-
ers vs IFN-stayers

Baseline age, years, median 
(IQR)

37.50 (28.80–46.60) 37.60 (31.20–44.60) 33.80 (27.40–41.00) 0.9629 0.0003

Baseline EDSS, median (IQR) 2.50 (1.50–3.50) 3.00 (2.00–4.00) 2.00 (1.00–2.50) 0.0303 < 0.0001
Monofocal onset no. (%) 142 (90.45) 86 (88.66) 752 (88.57) 0.6482 0.4935
Females no (%) 94 (59.87) 67 (69.07) 577 (67.96) 0.1392 0.0482
No. of relapses, 2 years before, 

median (IQR)
2 (1–2) 2 (1–3) 2 (1–2) 0.3607 0.434

No. of visits, median (IQR) 7 (5–11) 8 (6–12) 8 (4–13) 0.111 < 0.0001
Length of follow-up, months, 

median (IQR)
39.1 (27.7–54.5) 32.7 (16.3–46.5) 62.3 (39.2–99.5) 0.001 < 0.0001

Disease duration, months, 
median (IQR)

37.1 (13.4–107.8) 102.9 (66.7–154.4) 25.2 (9.0–84.1) < 0.0001 0.03

At least a relapse on follow-up, 
no. (%)

33 (21.02) 21 (21.65) 251 (29.56) 0.91 0.03

CDP, no. (%) 24 (15.29) 17 (17.53) 93 (10.95) 0.64 0.12
Time to relapse, median (IQR) 2.80 (1.63–3.87) 2.09 (1.08–3.33) 3.31 (1.79–5.73) 0.0073 0.0005
Time to CDP, median (IQR) 2.91 (2.07–4.04) 2.03 (1.08–3.69) 4.25 (2.68–6.98) 0.0005 < 0.0001
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patients with only one relapse in the year pre-baseline did 
not show a different risk of CDP (p = 0.79) than patients 
with an annualized change in EDSS score (ΔEDSS) ≥ 1 
and more than one previous relapse (p = 0.99) (Table 2).

No statistically significant differences were found 
between the two groups in the relapse rate in patients with 
a baseline EDSS score ≤ 2 (HR 0.70; 95% CI 0.28–1.77; 
p = 0.46), patients with a baseline EDSS score > 2 (HR 
0.84; 95% CI 0.39–1.82; p = 0.79), patients with one pre-
vious relapse (HR 0.49; 95% CI 0.21–2.13; p = 0.67), and 

patients with ΔEDSS ≥ 1 and more than one previous 
relapse (HR 4.46; 95% CI 0.65–30.37; p = 0.13) (Table 2).

Discussion

The introduction of DMDs for RMS has led to a reduction 
in disease activity associated with a demonstrable improve-
ment in clinical and radiological outcomes. Nevertheless, 
owing to the chronic nature of the disease, patients with 

Fig. 2  Kaplan–Meier curves 
comparing fingolimod 
(FTY)-stayers and interferon 
(IFN)-switchers according to 
confirmed disability progression 
(CDP) at 3 months of follow-up 
(a) and relapses (b)
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MS may require a change in therapy over time because of 
suboptimal response, safety concerns, intolerable side effects 
to the DMD, or a change in the risk tolerance of the patient 
[14]. In this setting, the introduction of FTY, as the first oral 
therapy, has strongly improved patient compliance, broad-
ening therapeutic options with a high-efficacy DMD. How-
ever, it is the neurologist’s choice whether more aggressive 
DMDs should be used as first treatment, and in which cases. 
The 2018 guidelines for MS treatment from the European 
Committee for Treatment and Research in Multiple Sclero-
sis and the American Academy of Neurology underline the 
importance of early treatment of the disease [15, 16]. At the 
same time, sequencing of DMDs for each patient should be 
designed to better control disease activity, while minimizing 
the risk of disability or relapse. Previous results showed the 
superior efficacy of oral FTY with respect to relapse rates in 
MS patients compared with intramuscular IFN-β1a [8]. This 
result seemed to support an early initiation of high-efficacy 
therapy, also considering that every DMD has a greater effi-
cacy at earlier stages of the disease course, that the risk of 
serious adverse events (opportunistic infections/malignan-
cies) is lower at younger ages, and that therapeutic options 
to reverse disability are not available [17, 18]. However, the 
choice of the best DMD depends on an accurate balance of 
the benefit–risk ratio, after accounting for specific disease- 
and patient-related factors, at a specific point in time. An 
escalation paradigm, in which safer first-line therapies are 

used at the beginning of MS, must be considered in such 
a chronic disease, because early high-efficacy DMDs may 
expose patients to risks that increase with longer use and the 
relatively recent introduction of these newest DMDs, brings 
unknown long-term safety concerns.

Nowadays, patients with suboptimal responders can be 
identified with specific scores [19, 20] in a reasonably short 
time, before causing substantial worsening of disability. 
The growing importance of sequencing strategies in the 
treatment of MS led to the design of a wide randomized 
controlled trial, TREAT-MS (ClinicalTrials.gov Identifier: 
NCT03500328) which is currently ongoing and is aiming 
to evaluate whether an ‘early aggressive’ therapy approach, 
versus starting with a traditional, first-line therapy, influ-
ences the intermediate-term risk of disability.

Our study also aimed to address the sequencing issue, 
evaluating the long-term impact of the different treatment 
strategies on CDP and the risk of relapses.

According to our results, IFN-β1a 44 µg and FTY appear 
to be equal in terms of effectiveness on disability progres-
sion in MS. This outcome is particularly valuable in the 
population with mild-to-moderate MS, as this allows the 
clinician to personalize and tailor the therapy to the patient’s 
needs and to balance the benefit–risk ratio.

To achieve the prevention of relapses and disability 
accumulation, the neurologist needs to carefully plan the 
sequencing of treatments. This means estimating treatment 

Fig. 3  Analysis of treatment 
effects in confirmed disability 
progression (CDP) and relapse. 
a Fingolimod (FTY)-stayers 
were compared with interferon 
(IFN)-switchers; b FTY-stayers 
were compared with IFN-stay-
ers. (Asterisk) The treatment 
effects were explored by a 
propensity-score adjustment in 
quintiles for age, duration of 
disease from onset, Expanded 
Disability Status Scale at base-
line, relapses in the previous 
year, sex, and clinical onset. CI 
confidence interval, HR hazard 
ratio

HR (95% CI)*, p-value

0.99 (0.48-2.04), 0.98
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efficacy and safety, along with balancing individual patient 
preferences, adherence, and characteristics. Our study spe-
cifically addresses these issues; whereas drugs trials, which 
are head-to-head comparisons, do not represent this real-
world MS setting. Therefore, our data represent an advance-
ment in understanding the effectiveness of treatments in real-
world patients.

In November 2018 (after the completion of our study), 
FTY obtained regulatory approval in Europe for children 
and adolescents, 10–17 years of age, with relapsing–remit-
ting MS. However, the long-term outcomes of DMDs on the 

immune system, and therefore their possible role in the onset 
of oncological diseases, are not yet fully understood. For this 
reason, it would be better to use more aggressive treatments 
with caution in young people. In addition, in Europe FTY 
is considered a second-line DMD after failure of a first-line 
agent for patients with highly active disease [14]. We know 
that an even longer period of follow-up should be required to 
confirm our results; however, currently a real-world follow-
up of more than 4 years is not available with the new treat-
ments, and our study was pioneering when we planned its 
design.

Fig. 4  Kaplan–Meier curves 
comparing fingolimod (FTY) 
stayers and interferon (IFN) 
stayers according to relapses 
(a) and confirmed disability 
progression (CDP) at 3 months 
of follow-up (b)
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Considering the growing importance of the sustainabil-
ity of drug treatments for the health system, the demonstra-
tion of cost-effectiveness becomes another crucial point to 
consider in best clinical practice. FTY therapy requires a 
higher drug-acquisition cost compared with IFN-β1a [21]; 
therefore, choice of the latter would result in substantial sav-
ings for the national health service. Unlike previous studies 
[8], the RELODIMS study did not evaluate MRI data. This 
could be a limitation, as the current criteria for defining the 
efficacy of a treatment in MS, also called NEDA (No Evi-
dence of Disease Activity), is a composite outcome that has 
to take into account the presence of new or active (enhanc-
ing) lesions on MRI scans. This result is missing in many 
real-world studies.

In conclusion, we demonstrated the feasibility of a 
sequencing approach in mild-to-moderate patients, initiated 
with IFN-β1a early in the disease course and then switched 
to FTY. This strategy may represent an advantage in the 
management of selected patients. In our real-world study, 
we evaluated a comparator group with active treatments and 
the results clearly show that sequencing from a safer drug 
to FTY similarly affects the long-term disease outcome as 
an approach that starts using FTY like a more aggressive 
therapy.
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