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Abstract
Background Fingolimod, natalizumab, and ocrelizumab are commonly used in the second-line treatment of relapsing-
remitting multiple sclerosis (RRMS). However, these have only been compared in observational studies, not in controlled 
trials, with limited and inconclusive results being reported. A comparison of their effect on relapse and disability in a real-
world setting is therefore needed.
Objectives The objective of this study was to compare the efficacy of fingolimod, natalizumab, and ocrelizumab in reducing 
disease activity in RRMS.
Methods This multicenter, retrospective observational study was carried out with prospectively collected data from 16 
centers. All consecutive RRMS patients treated with fingolimod, natalizumab, and ocrelizumab were included. Data for 
relapses, Expanded Disability Status Scale (EDSS) scores, and brain magnetic resonance imaging (MRI) scans were col-
lected. Patients were matched using propensity scores. Annualized relapse rates (ARR), time to first relapse, and disability 
accumulation were compared.
Results Propensity score matching retained 736 patients in the fingolimod versus 370 in the natalizumab groups, 762 in the 
fingolimod versus 434 in the ocrelizumab groups, and 310 in the natalizumab versus 310 in the ocrelizumab groups for final 
analyses. Mean ARR decreased markedly from baseline after treatment in all three treatment groups. Mean on-treatment 
ARR was lower in natalizumab-treated patients (0.09, 95% confidence interval (CI), 0.07–0.12) than in those treated with 
fingolimod (0.17, 0.15–0.19, p<0.001), ocrelizumab (0.08, 0.06–0.11), and fingolimod (0.14, 0.12–0.16, p=0.001). No 
significant difference was observed in mean on-treatment ARR between patients treated with natalizumab (0.08, 0.06–0.11) 
and ocrelizumab (0.09, 0.07–0.12, p=0.54). Compared to fingolimod, the natalizumab and ocrelizumab groups exhibited a 
higher percentage of relapse-free patients and a lower percentage of MRI-active patients at year 1. No significance differ-
ences in disability accumulation were determined between the therapies.
Conclusion Natalizumab and ocrelizumab exhibited similar effects on relapse control, and both were associated with better 
relapse control than fingolimod. The effects of the three therapies on disability outcomes were similar.

Keywords Multiple sclerosis · Comparative effectiveness · Fingolimod · Natalizumab · Ocrelizumab · High-efficacy 
treatment

Introduction

The high-efficacy therapies fingolimod, natalizumab, and 
ocrelizumab are becoming increasingly widely used in 
relapsing-remitting multiple sclerosis (RRMS), either as 
first-line therapies or as a switch from other disease-mod-
ifying therapies. They have also been approved for RRMS 
on the basis of large phase III randomized clinical trials 
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showing efficacy in reducing relapse rates, disability worsen-
ing, and magnetic resonance imaging (MRI) activity [1–4].

Fingolimod, natalizumab, and ocrelizumab have been 
available as treatments for RRMS since their approval by 
the Food and Drug Administration and European Medicines 
Agency. These drugs are generally prescribed for RRMS 
patients who have either experienced a suboptimal response 
or poor tolerability with previous therapies, or to treatment-
naïve patients with highly active RRMS and an Expanded 
Disability Status Scale (EDSS) score less than 6.

Limited real-world studies have compared high-efficacy 
drugs. While the efficacy and safety profiles of fingolimod, 
natalizumab, and ocrelizumab have been established in 
clinical trials and real-world settings, limited data are avail-
able comparing their effectiveness. Observational studies 
comparing the real-world effectiveness of fingolimod and 
natalizumab have yielded conflicting results. Some studies 
have reported no difference in efficacy between fingoli-
mod and natalizumab, while several studies have demon-
strated that natalizumab exhibits superior effectiveness 
on relapse rates [5–10]. A recent study reported no differ-
ence in relapse and MRI activity between natalizumab and 
anti-CD20 (rituximab and ocrelizumab) after a fingolimod 
switch [11].

This study aimed to compare the effectiveness of fingoli-
mod, natalizumab, and ocrelizumab in a real-world setting 
in Turkish patients with RRMS.

Patients and methods

This research was performed as an independent, multicenter, 
real-world observational study. Ethical committee approval 
was obtained from the Karadeniz Technical University Med-
ical Faculty Ethical Committee. Each center received local 
regulation and local ethical committee approval for registry 
use for all multiple sclerosis (MS) patients. Written informed 
consent was required from all participating patients at each 
center.

Data from all RRMS patients treated with fingolimod, 
natalizumab, and ocrelizumab between January 2014 and 
June 2021 who regularly attended the 16 tertiary MS cent-
ers were included retrospectively (Supplementary Table 1). 
Treatment selection was made by the treating neurologist.

Demographic, clinical, and MRI data were prospectively 
recorded as part of routine clinical practice. The data entry 
portal was “Imed software,” and quality assurance proce-
dures were followed (Supplementary Table 2) [12]. A series 
of automated procedures were applied to identify any invalid 
or erroneous data entries.

The usual data entry practice was real time or a close 
approximation of real time at the time of clinical visits. Data 

for patients treated with fingolimod, natalizumab, and ocreli-
zumab were extracted in the form of an Excel file from each 
center and were then combined for analyses.

The inclusion criteria for analyses consisted of diagnosis 
with RRMS according to the 2017 Revised McDonald crite-
ria, and continuous exposure to one of the study therapies for 
≥ 3 months. Data for the following variables were required 
for all patients included: sex, age, date of first MS symp-
tom, dates of clinical relapses, and disability score assessed 
by EDSS at commencement of treatment and at least two 
disability scores recorded after commencement of one of 
the study therapies. EDSS scores within 3 months prior to 
or 1 month after commencement of the study therapy were 
regarded as patients’ baseline EDSS.

Patients aged <18 years, treated with an immunosuppres-
sant (cladribine, alemtuzumab, mitoxantrone, or cyclophos-
phamide) within the previous year, or with a progressive MS 
course, were excluded from the study.

The study follow-up duration was defined as the time 
between the start of therapy and the last available EDSS 
entry visit. Disability was assessed using EDSS by Neuro-
status-certified MS specialists. Any EDSS score recorded 
within 30 days of a previous relapse was excluded.

Available MRI information reported by treating neurolo-
gists was also collected. MRI scans of the brain acquired 
within 3 months prior to the initiation of the study therapy 
were regarded as baseline MRI. MRI scans acquired at the 
12th month after the initiation of therapy (± 60 days) were 
defined as year 1 MRI.

Study endpoints

The primary study outcomes were annualized relapse rate 
(ARR) and time to first relapse. The secondary endpoints 
were time to disability progression and MRI activity at year 1.

A relapse was defined as any new neurological symp-
tom or exacerbation of existing symptoms persisting for at 
least 24 h in the absence of concurrent illness or fever, and 
occurring at least 30 days after a previous relapse [13]. Dis-
ability progression was defined as a 1.5-point increase (if 
the baseline EDSS score was 0), a 1.0-point increase (if the 
baseline EDSS score was <5.5), or a 0.5-point increase (if 
the baseline EDSS score was ≥5.5) confirmed at 6-month 
intervals [14].

In order to minimize unstandardized MRI results, MRI 
data had to be available in ≥25% of patients in the cent-
ers included. Categorized baseline T2 and Gd-enhancing 
(Gd+) lesion numbers (unavailable, 1–8, ≥9 T2 lesions and 
absent or ≥1 Gd+ lesion) were analyzed. Percentages of 
patients with brain MRI activity (defined as the presence 
of ⩾1 new/enlarging T2 lesion compared to previous brain 
MRI scans and/or the presence of ⩾1 Gd+ lesion) at year 
1 were calculated.
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Statistical analyses

Matching and statistical analyses were conducted using R 
(version 4.0) [15]. The patients included in the study were 
matched in terms of their propensity scores in three sepa-
rate matched analyses of fingolimod versus natalizumab, 
fingolimod versus ocrelizumab, or natalizumab versus 
ocrelizumab-treated groups using MatchIt package [16]. 
The propensity score was based on a multivariable logistic 
regression model. Independent variables consisted of age, 
age at onset, gender, disease duration, baseline EDSS, and 
number of relapses in the year before treatment. Patients 
were matched without replacement in a 2:1 ratio (fingolimod 
versus natalizumab, and fingolimod versus ocrelizumab) or 
a 1:1 ratio (natalizumab versus ocrelizumab) using nearest 
neighbor matching within a caliper of 0.2 standard devia-
tions of the propensity score. The distribution of propensity 
scores is shown in Supplementary Figure 1.

Patients who switched or discontinued treatment were 
censored. Only matched pairs were included in this analysis. 
Patients’ baseline characteristics were evaluated in order to 
identify possible statistical differences among the two treat-
ment groups. Mean, standard deviation, median, min, max, 
or interquartile range (IQR) values were reported for con-
tinuous variables, depending on the statistical distribution.

In order to investigate statistical relevance, the t test was 
used for continuous normally distributed variables and the 
χ2 test for categorical data. On-treatment ARRs were com-
pared with a marginal weighted negative binomial regression 
model with additional year 1 and year 2 ARR comparisons 
using the t test.

The proportion of patients without relapse or without 
an increase in EDSS was evaluated using the Cox marginal 
proportional hazards model. The proportional hazards 

assumption was examined visually and by testing Schoen-
feld’s residuals. Kaplan–Meier survival estimate curves were 
used to visualize time-to-event outcomes.

Where no statistically significant differences were 
observed, analytical power was quantified as the minimum 
detectable effect at 1-β=0.8 using 200 simulations. Signifi-
cance was set at p< 0.05.

We performed three sensitivity analyses to assess the 
robustness of our primary outcome results. First, pairwise 
censoring was applied to the analyses of time to first relapse 
to determine common on-treatment follow-up times in order 
to mitigate attrition bias and the effect of differential treat-
ment persistence [17].

Second, the analyses were repeated after the baseline 
covariates were adjusted with propensity score weighting 
method using overlap weight (PSOW) with the R-WeightIt 
package to reduce the probability of an inadequate covari-
ate balance. An PSOW-adjusted negative binomial model 
was used to compare ARRs, with the relapse count as the 
dependent variable.

Third, we excluded patients who had received one of the 
two medications as a previous therapy and reran the analysis 
using the newly generated propensity matched groups.

Results

A total of 6243 patients were assessed for eligibility, 3601 
treated with fingolimod, 839 with natalizumab, and 1803 
with ocrelizumab. A total of 2790 patients (1955 in the 
fingolimod group, 376 in the natalizumab group, and 459 
in the ocrelizumab group) met the inclusion criteria and 
were included in the propensity matching analyses (Fig. 1). 
The baseline characteristics of the three treatment groups 

Fig. 1  Patient disposition 
flowchart 6243 pa�ents evaluated from 16 MS centers

fingolimod (3601), 
natalizumab (839),

ocrelizumab (1803).
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ocrelizumab

736 in the fingolimod  
and 370 in the 

natalizumab matched 

310 in the natalizumab  
and 310 in the 
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762 in the fingolimod  
and 434 in the 
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differed before matching (Supplementary Table 3). Patients 
treated with ocrelizumab tended to be older, with a longer 
duration of MS, and with higher EDSS scores compared 
to fingolimod and natalizumab, while natalizumab-treated 
patients exhibited more relapses and more MRI activity dur-
ing the previous year.

The numbers of patients retained after the propensity 
score matching procedure in the matched cohorts were 736 
in the fingolimod versus 370 in the natalizumab groups, 762 
in the fingolimod versus 434 in the ocrelizumab groups, 
and 310 in the natalizumab versus 310 in the ocrelizumab 
groups. The matched patients’ baseline demographic and 
clinical characteristics are shown in Table 1.

Fingolimod versus natalizumab

After matching, the patients treated with fingolimod were 
similar in age (40.1±9.7 vs. 39.7±10.2 p=0.55) and had 
similar baseline ARR (mean, 95% confidence interval 
(CI); 1.07, 0.99–1.14 vs. 1.06, 0.96–1.15, respectively, 
p=0.87) and baseline EDSS (3.1±1.5 vs. 3.1±1.4, respec-
tively, p=0.9) values to those treated with natalizumab. 
ARR values for fingolimod and natalizumab in the year 
before treatment initiation and in the first year and second 
years are shown in Fig. 2a. ARR decreased markedly after 
treatment in both the fingolimod and natalizumab groups. 
Mean on-treatment ARR was lower in natalizumab-treated 
patients (mean, 95% CI; 0.09, 0.07–0.12) than in those 
treated with fingolimod (mean, 95% CI; 0.17, 0.15–0.19, 
p<0.001) (Fig. 2a).

The proportion of relapse-free patients was higher in the 
natalizumab group than in the fingolimod group (hazard 
ratio (HR) 0.35, 95% CI; 0.24–0.49, p < 0.001) (Fig. 3a).

No differences were observed between fingolimod and 
natalizumab in terms of rates of confirmed disability accu-
mulation (HR 0.78, 95% CI 0.52–1.16, p=0.21) (Fig. 4a).

The proportion of brain MRI activity-free patients at year 
1 was higher among patients treated with natalizumab (avail-
ability 50.4%, MRI inactive 91.5%) than in the fingolimod 
group (availability 47.9%, MRI inactive=74.8%, p<0.001).

Fingolimod versus ocrelizumab

After matching, patients treated with fingolimod were 
similar in age (42.7 ± 9.6 vs. 43.7 ± 10.6, respectively, 
p=0.07) and had similar baseline ARR (mean, 95% CI; 0.66, 
0.60–0.70, vs. 0.62, 0.55–0.69, respectively, p=0.43) and 
baseline EDSS (3.35±1.41 vs. 3.49±1.45, p=0.09) to those 
treated with ocrelizumab. ARRs for fingolimod and ocreli-
zumab in the year before treatment initiation and in the first 
year and second years are shown in Fig. 2b.

ARR values decreased markedly after treatment in both 
the fingolimod and ocrelizumab groups. Mean on-treatment 

ARR was lower in ocrelizumab-treated patients (mean, 95% 
CI; 0.08, 0.06–0.11) than in those treated with fingolimod 
(mean, 95% CI; 0.14, 0.12–0.16, p=0.001) (Fig. 2b).

The proportion of relapse-free patients was higher among 
patients treated with ocrelizumab than in the fingolimod 
group (HR 0.32, 95% CI 0.21–0.47, p=0.001; Fig. 3b).

No differences were observed between fingolimod and 
ocrelizumab in terms of rates of confirmed disability accu-
mulation (HR 1.1, 95% CI 0.75–1.62, p=0.62, Fig. 4b).

The proportion of brain MRI activity-free patients at year 
1 was higher among patients treated with ocrelizumab (avail-
ability 47.7%, MRI inactive 88.4%) than in the fingolimod 
group (availability 41.2%, MRI inactive=74.8%, p=0.001).

Natalizumab versus ocrelizumab

After matching, patients treated with natalizumab were 
similar in age (40.9 ± 10.4 vs. 42.4 ± 10.9, respectively, 
p=0.14) and had similar baseline ARR (mean, 95% CI; 
0.84, 0.76–0.92, vs. 0.84, 0.76–0.92, respectively, p=0.9) 
and baseline EDSS (3.22±1.48 vs. 3.40±1.50, respectively 
p=0.14) values to those treated with ocrelizumab. ARR 
values for natalizumab and ocrelizumab in the year before 
treatment initiation and in the first year and second years are 
shown in Fig. 2c.

ARR decreased markedly after treatment in both the 
natalizumab and ocrelizumab groups. No difference 
was observed in mean on-treatment ARR between the 
natalizumab (mean, 95% CI; 0.08, 0.06–0.11) and ocreli-
zumab (mean, 95% CI; 0.09, 0.07–0.12, p=0.54) groups 
(Fig. 2c).

The proportion of relapse-free patients was similar 
between the natalizumab and ocrelizumab groups (hazard 
ratio (HR) 1.53, 95% CI 0.84–2.77, p=0.16; Fig. 3c).

No differences were observed between natalizumab and 
ocrelizumab in terms of rates of confirmed disability accu-
mulation (HR 0.98, 95% CI 0.56–1.72, p=0.91, Fig. 4c).

The proportion of brain MRI activity-free patients at year 
1 was similar between the natalizumab (availability 46.1%, 
MRI inactive 92%) and ocrelizumab (availability 40.6%, 
MRI inactive 93.3%, p=0.78) groups.

Secondary analyses

In order to test for attrition bias, on-treatment follow-up was 
censored at the shorter of the two individual follow-up peri-
ods for each matched fingolimod-natalizumab, natalizumab-
ocrelizumab, and fingolimod-ocrelizumab patient pair 
(pairwise censoring). Consistent with the primary analysis, 
similar results were obtained in terms of time to first relapse 
outcomes (Supplementary Figure 2).

In PSOW-adjusted treatment groups, natalizumab and 
ocrelizumab exhibited similar effects on relapse control, and 
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Table 1  Baseline demographic and clinical characteristics of matched patients

Continuous data are presented as the mean ± standard deviation (SD) or median, interquartile range (IQR), and percentage depending on the 
distribution
MRI, magnetic resonance imaging; IFNβ, interferon beta; d, Cohen’s d (d> 0.2 is considered indication of relevant imbalance); EDSS, Expanded 
Disability Status Scale

Variables Fingolimod 
(n=736)

Natalizumab 
(n=370)

d Fingolimod 
(n=762)

Ocrelizumab 
(n=434)

d Natalizumab 
(n=310)

Ocrelizumab 
(n=310)

d

Gender, female 
(%)

533 (72.4) 266 (71.9) 466 (61.2) 257 (59.2) 213 (68.7) 194 (62.6)

Age, years, 
mean ± SD

40.1 (9.7) 39.7 (10.2) 0.04 42.7 (9.6) 43.7 (10.6) 0.11 40.9 (10.4) 42.4 (10.9) 0.14

Age at onset, 
years, mean 
± SD

25.9 (8.0) 26.5 (8.5) 0.07 28.5 (8.3) 29.7 (9.7) 0.14 27.5 (8.8) 29.1 (9.9) 0.17

Relapses 1-year 
pre, mean ± 
SD

1.1 (1.0) 1.1 (0.9) 0.04 0.7 (0.7) 0.6 (0.7) 0.05 0.8 (0.7) 0.8 (0.7) 0.01

EDSS score, 
median (IQR)

3.0 (2.0–4.5) 3.0 (2.0–4.0) 0.01 3.5 (2.0–4.5) 4.0 (2.0–4.5) 0.13 3.0 (2.0–4.5) 3.5 (2.0–4.5) 0.11

MS duration, 
years, mean 
± SD

9.1 (6.6) 9.1 (6.4) 0.03 10.2 (6.5) 10.7 (6.6) 0.08 9.8 (6.6) 10.7 (6.8) 0.12

Follow-up, 
median, years 
(IQR)

2.1 (1.1–3.6) 1.5 (0.7–2.6) 0.33 2.0 (1.1–3.6) 1.5 (1.0–2.1) 0.68 1.4 (0.7–2.5) 1.5 (1.0–2.1) 0.17

MRI, T2 
lesions, no. 
(%)
  Missing, n 

(%)
420 (57.1) 211 (57.0) 443 (58.1) 245 (56.5) 167 (53.9) 164 (52.9)

  1–8, n (%) 10 (3.2) 4 (2.5) 8 (2.5) 2 (1.1) 4 (2.8) 0 (0)
  ≥ 9, n (%) 306 (96.8) 155 (97.5) 311 (97.5) 187 (98.9) 139 (97.2) 178 (100)

MRI, Gd+ 
lesions, no. 
(%)
  Missing, n 

(%)
434 (59) 195 (52.7) 439 (57.6) 243 (56) 175 (56.5) 168 (54.2)

  0, n (%) 182 (60.3) 88(50.3) 178 (55.1) 112 (58.6) 69 (51.1) 79 (55.6)
  ≥ 1 Gd +, n 

(%)
120 (39.7) 87 (49.7) 145 (44.9) 79 (41.4) 66 (48.9) 63 (44.4)

Last treatment, 
n (%)
  IFNβ 419 (56.9) 121 (32.7) 437 (57.3) 62 (14.3) 97 (31.3) 51 (16.5)
  Glatiramer 

acetate
180 (24.5) 55 (14.9) 177 (23.2) 46 (10.6) 47 (15.2) 31 (10.0)

  Terifluno-
mide

30 (4.1) 28 (7.6) 39 (5.1) 45 (10.4) 23 (7.4) 35 (11.3)

  Dimethyl 
fumarate

16 (2.2) 21 (5.7) 13 (1.7) 36 (8.3) 17 (5.5) 24 (7.7)

  Fingolimod 107 (28.9) 160 (36.9) 94 (30.3) 117 (37.7)
  Natalizumab 24 (3.3) 26 (3.4) 26 (6.0) 17 (5.5)
  Ocrelizumab 1 (0.1) 5 (1.4) 1 (0.1) 5 (1.6)
  Other 27 (3.7) 10 (2.7) 34 (4.5) 19 (4.4) 9 (2.9) 10 (3.2)
  Naïve 39 (5.3) 23 (6.2) 35 (4.6) 40 (9.2) 18 (5.8) 25 (8.1)
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both were associated with a statistically significant reduced 
ARR and significantly reduced hazard of the first relapse 
when compared to fingolimod (Supplementary Table 4 and 
Supplementary Figure 3a, b, c).

Clinical characteristics of matched patients after exclud-
ing patients who had received one of the two medications 
as a previous therapy are shown in Supplementary Table 5.

Consistent with the primary analysis, similar results 
were obtained in terms of ARR and time to first relapse 
outcomes except for a loss of statistical significance in 
year 1 relapse rate comparison between fingolimod versus 
natalizumab and fingolimod versus ocrelizumab groups 
due to the likely insufficient power with small sample size 
(Supplementary Table 6 and Fig. 4a, b, c).

Fig. 2  Annualized relapse rates (mean and 95% CI of the mean) for 
fingolimod and natalizumab (a), for fingolimod and ocrelizumab (b), 
and for natalizumab and ocrelizumab (c) in the year before the start of 

treatment and in the first and in second years of treatment. Years 0–2 
represent overall ARR. p values are from t test for year 1 and year 2, 
and the negative binomial regression model for years 0–2

hazard ratio 0.35, 95% CI 0.24−0.49, p=0.001
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Discussion

This propensity score matching analysis compared the 
efficacy of three commonly used high-efficacy therapies 
in patients with RRMS. Patients were mostly switchers 
from first-line therapies. Before matching, the natalizumab 
group was more active than the fingolimod and ocreli-
zumab groups. Natalizumab therapy may be initiated pref-
erentially in more highly active disease due to its rapid 
control of disease activity.

In the matched populations, all three high-efficacy drugs, 
fingolimod, natalizumab, and ocrelizumab, significantly 
reduced relapse activity. While the relapse reducing effects 
of natalizumab and ocrelizumab were similar, natalizumab 
and ocrelizumab exhibited a greater effect on relapse than 
fingolimod. All three therapies exhibited comparable effects 
on disability accumulation during the initial 2.5 years.

The on-treatment ARRs observed in this study for the 
fingolimod (0.14), natalizumab (0.10), and ocrelizumab 
(0.08) groups were slightly lower than those reported in 
the pivotal trials (0.16–0.20, 0.20–0.24, and 0.16, respec-
tively) [2, 3, 18, 19].

The magnitude of the effects on relapse activity may be 
partly due to lower pre-treatment disease activity than in the 
pivotal trials. Our pre-treatment relapse rates were also lower 
than those in pivotal trials. Pre-treatment disease activity and 
age are well-known factors affecting on-treatment relapse 
activity as well as modulators for medication efficacy.

While some previous observational studies comparing 
fingolimod and natalizumab in MS have reported no dif-
ferences in terms of effectiveness, most recent studies have 
reported that natalizumab was superior in reducing relapse 
activity [5, 6, 8–10, 20–22]. Heterogeneity of baseline 
characteristics may explain the discrepant results.

In the present study, natalizumab-treated patients exhibited 
more inflammation at the start of natalizumab therapy than 
those treated with fingolimod and ocrelizumab, which may have 
affected the comparison results, despite multivariate analysis. 
The propensity score model is unable to adjust for unknown 
confounders, such as physicians’ treatment decisions.

Similar to the results of the present research, a recent 
French observational study reported a similar effect on 
relapse and disability outcomes for natalizumab and anti-
CD20 therapies in highly active RRMS patients after fin-
golimod withdrawal [11]. Swedish studies have reported 
a similar effectiveness of rituximab compared to natali-
zumab [23–25]. Two network meta-analyses comparing 
ocrelizumab and other treatments have shown that ocreli-
zumab exhibits superior efficacy to first-line therapies and 
to fingolimod [26, 27]. Alping et al. showed that rituximab 
was superior to fingolimod in the prevention of relapses 
within 1.5 years [23]. In a more recent study, Bigaut et al. 

described as ocrelizumab superior to fingolimod after 
natalizumab cessation [28].

The main strengths of this study are that it involved direct 
comparisons of the three high-efficacy therapies from 16 
academic MS centers with a prospectively defined obser-
vational plan.

The main limitation of this study is its observational ret-
rospective design. Although data entry typically occurs in 
real time or nearly real time, some variables such as relapse-
related information may be susceptible to detection and 
reporting bias. However, the follow-up protocols used in this 
study were largely comparable, and such bias may therefore 
be expected to be minimal.

Another limitation was the relatively short follow-up 
duration. Fingolimod-treated patients had longer follow-up 
times than those treated with natalizumab and ocrelizumab. 
However, similar results were replicated on time to relapse 
after applying pairwise censoring as a sensitivity analysis 
to control attrition bias. Detecting significant changes in 
EDSS during this short period is challenging. Findings for 
disability accumulation therefore require confirmation over 
a longer observation period.

We were also unable to compare our radiological data to 
those of pivotal studies due to the absence of systematic acqui-
sition of radiological outcomes. Consistent acquisition of quan-
titative MRI data in the context of retrospective multicenter 
studies still represents a significant challenge. The MRI data 
in the present study were reported by treating neurologists and 
were therefore subject to inter-scanner, inter-protocol, and inter-
rater error. However, the lack of a formalized definition of MRI 
follow-up was not expected to introduce a systematic bias, as 
the same physician reported MRI in the three patient groups, 
and categorized results were subjected to analysis.

Most of the patients in the present study were switch-
ers from other types of therapy. Numbers of naïve patients 
were relatively low. Analyses could not be applied to naïve 
patients, nor to subjects with low disease activity. Therefore, 
although the results of this study suggest that natalizumab 
and ocrelizumab are superior to fingolimod in terms of 
relapse rates and MRI activity, the same assumption cannot 
be extended to patients with less disease activity.

Rebound activity in patients switching from fingolimod 
or natalizumab may be related to early relapse activity. How-
ever, low relapse rates with natalizumab and ocrelizumab 
imply that rebound activity did not cause an obvious increase 
in relapse activity. Low numbers of patients switched from 
natalizumab in fingolimod cohorts (3.3% and 3.4%).

Although all three drugs share similar indications, their 
availability differs since ocrelizumab only entered the market 
after 2018. Neurologists may be oriented toward to selecting 
ocrelizumab in case of a higher risk of development of a 
progressive form of the disease. Several patients were treated 
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with fingolimod and natalizumab before the availability of 
ocrelizumab. However, disease activity was the main reason 
for initiating therapy in all three groups.

In conclusion, this real-world observational study using pro-
pensity score-based matching suggests that natalizumab and 
ocrelizumab exhibited similar effectiveness in reducing relapse 
activity. Natalizumab and ocrelizumab were superior to fin-
golimod in reducing relapse activity. All three drugs exhibited 
similar effects on disability accumulation in a short period.

Although randomized clinical trials are the mainstay for 
evaluating drug efficacy and safety, the analysis of observa-
tional data provides practical evidence. Efficacy is not the 
only criterion to be considered in the selection of therapies 
for an individual patient. Observed statistical significances 
in reducing relapse activity of natalizumab and ocrelizumab 
comparing to fingolimod are from small differences. Statis-
tical significance may not clinically significant for an indi-
vidual patient. Treatment decisions need to be made based 
on complex evaluations and must include patient preference, 
adherence, treatment safety, family planning, and cost.

Given the uncertainty and variability associated with 
treatment effects between DMTs, real-world data, preferably 
from longitudinal follow-up studies, will provide additional 
information with which to assess long-term effectiveness.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10072- 023- 06608-z.
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