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Abstract
Background  Highly effective disease-modifying therapies (HEDMTs) for relapsing multiple sclerosis (RMS) have changed 
the landscape of MS treatment. However, their discontinuation may potentially result in recrudescence of the disease activ-
ity. We aimed to investigate the effectiveness of Rituximab (RTX) in RMS patients who discontinued HEDMTs because of 
efficacy or safety reasons.
Methods  This observational study analyzed data of RMS patients treated with RTX who discontinued natalizumab [NTZ]; 
fingolimod [FTY], alemtuzumab [ALM], cladribine [CLD], cyclophosphamide [CYC], and mitoxantrone [MIT]), followed 
by the MS centers contributing to the Italian Multiple Sclerosis and Related Disorders Register. Disability progression 
(progression independent from relapse activity [PIRA] and from MRI activity [PIRMA]) and disease activity (annualized 
relapse rate [ARR], relapse-associated worsening [RAW]) were compared at pre-baseline (last evaluation during HEDMTs), 
at baseline (at the time of RTX initiation; ± 3 months), at 12 ± 3 (T12), and at 24 ± 3 months (T24) after RTX initiation.
Results  Out of 68,621 RMS patients, 599 were treated with RTX. Of them, 362 (119 [67.6%] females, mean age of 
44.2 ± 11.6 years) were finally enrolled. A total of 176 (48.6%) patients were previously treated with NTZ, 160 (44.2%) 
with FTY, 11 (3%) with ALM, 10 (2.8%) with CLD and 5 (1.4%) with CYC-MIT. After RTX initiation, in the NTZ, and 
CYC-MIT groups, disability outcomes remained stable over the time. In the FTY, ALM and CLD groups, RAW, PIRA, and 
PIRMA significantly reduced after 2 years of treatment with RTX. Cox analysis showed that higher EDSS before starting 
HEDMTs and at pre-baseline were associated to higher risk of PIRA, while factors predicting higher risk of PIRMA were 
older age at RTX initiation and EDSS before starting HEDMTs.
Discussion  RTX potentially represents a rescue therapy for those patients requiring the discontinuation of highly active 
drugs and more vulnerable to relapse or disease progression.
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Introduction

Multiple sclerosis (MS) is an inflammatory and neurodegen-
erative demyelinating disease of the central nervous system 
(CNS) causing neurological deficits referable to damage to 
the spinal cord, brainstem, optic nerves, cerebellum, and 
cerebrum [1].

The armamentarium of disease-modifying treatments 
(DMTs) for relapsing–remitting MS (RRMS) has consider-
ably increased over the past 20 years. Older DMTs, such 
as interferon beta 1a (IFN beta1a) and glatiramer acetate 
(GA), can reduce relapse rates by about 30% and have an 
uncertain long-term benefit [2]. Active MS management 
requires the use of high-efficacy DMTs (HEDMTs), such as 
fingolimod (FTY), natalizumab (NTZ), cladribine (CLD), 
or alemtuzumab (ALM), in order to reduce relapse activ-
ity, disability accrual and irreversible brain atrophy [3–10]. Extended author information available on the last page of the article
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However, for some patients exhibiting persistent disease 
activity despite highly active immunosuppressive DMTs, 
there is the need to switch to another DMTs [11, 12]. Moreo-
ver, some patients may discontinue HEDMTs due to shared 
decisions regarding safety concerns (i.e., progressive multi-
focal leukoencephalopathy [PML] risk), pregnancy, and poor 
tolerability [13]. In addition, the suspension may increase 
the risk of MS relapses and MRI activity. For instance, a 
consistent return of underlying pre-treatment disease activ-
ity after 4–7 months following NTZ discontinuation was 
demonstrated [3–7]. A disease rebound, defined as a marked 
clinical and radiological worsening or as a disease activity 
well above the level of disease activity before starting NTZ, 
was reported in 10–30% of patients who suspended NTZ 
[14–18]. Regarding FTY, several reports highlighted a pos-
sible risk of disease exacerbation or rebound after FTY ces-
sation, which could potentially result in debilitating disease 
progression with the reasons for FTY withdrawal have var-
ied among reports, ranging from pregnancy, adverse events, 
and minimal efficacy to switching to other DMTs [8–10].

Despite the robust data about the efficacy, some patients 
treated with ALM may experience clinical and/or MRI activ-
ity after completing the treatment course. In this case, treat-
ment options are limited, and few data exist on the possible 
subsequent use of HEDMTs with different mechanisms of 
action, i.e., B cell-depleting agents [19–21].

More recently, CLD, a purine nucleoside analog, was 
approved in tablet form to be administered in two annual 
treatment courses, each divided into two treatment cycles 
comprising 4–5 days of treatment [22]. Long-term exten-
sion studies provided evidence that oral CLD has a pro-
longed impact on disease activity [23]. However, available 
evidence about the suitable sequencing of DMTs in case of 
disease activity occurring after year 2 of oral CLD therapy 
is limited.

Thus, in patients who discontinued HEDMTs for several 
reasons, evidence about the appropriate therapeutic strate-
gies is limited.

During the last 10  years, several studies have high-
lighted the efficacy of anti-CD20 monoclonal antibodies on 
inflammatory activity of MS [24]. Particularly, numerous 
reports have demonstrated that rituximab (RTX) induces a 
dramatic reduction of inflammatory activity of RRMS [25, 
26]. The OLYMPUS study showed that RTX was effective 
in primary progressive MS (PPMS) with MRI activity [27]. 
Unlike ocrelizumab and ofatumumab, RTX is a chimeric 
monoclonal antibody targeting CD20, off-label for MS in 
several countries. While ocrelizumab and ofatumumab are 
approved as first- or second-line therapies for RMS, RTX is 
typically considered third-line due to regulatory status and 
limited formal trials in MS despite compelling real-world 
efficacy data [28].

In Italy, RTX is currently approved as off-label therapy 
for MS and treatment algorithms for relapsing–remitting MS 
include RTX as a third-line therapy primarily due to its off-
label status, absence of Phase III MS-specific approval trials, 
and reimbursement limitations in several countries [29].

However, little information is currently available con-
cerning the efficacy and safety of RTX as escape strategy in 
patients who need to discontinue HEDMTs because of efficacy 
and/or safety reasons in a real-world setting.

In this view, we aimed to evaluate the effectiveness of 
RTX in RMS patients who discontinued HEDMTs (NTZ; 
FTY, ALM, CLD, cyclophosphamide [CYC] and mitox-
antrone [MIT]) because of efficacy or safety reasons.

Methods

Study design and participants

This retrospective observational multicenter study ana-
lyzed data prospectively collected about the effectiveness 
of RTX in RMS patients who discontinued HEDMTs (NTZ; 
FTY, ALM, CLD, CYC and MIT) because of efficacy and/
or safety reasons in the period between January 2012 and 
November 2022 and who are followed by the MS centers 
contributing to the Italian Multiple Sclerosis and Related 
Disorders Register.

Inclusion criteria were the following: age > 18 years at 
disease onset; diagnosis of RMS in accordance with the 
revised McDonald criteria (2010) [30]; previous treatment 
with highly active DMTs (NTZ, FTY, ALM, CLD, CYC and 
MIT) continuously administered for at least 1 year and inter-
rupted before starting RTX; at least one course of RTX of 
2000 mg (1000 mg at day 1 and at day 14), at least 12 months 
of follow-up from treatment with RTX (for further details, 
see “RTX dosing regimen”); availability of clinical (relapse 
and EDSS evaluations), and MRI data (baseline and at least 
one follow-up visit), to ensure adequate longitudinal clinical 
and radiological information for analysis.

We also excluded patients with: diagnosis of primary pro-
gressive MS and neuromyelitis optica, previous treatment 
with RTX for other concomitant medical conditions, and 
lack of follow-up data.

Ethical statement

The Italian Multiple Sclerosis and Related Disorders Reg-
ister was approved by the ethical committee at the “Azienda 
Ospedaliero-Universitaria-Policlinico of Bari” (Study REG-
ISTRO SM001—approved on 08/07/2016) and by the local 
ethics committees in all participating centers where patients 
signed an informed consent that allows to use clinical data 
for research purposes.



Journal of Neurology          (2026) 273:47 	 Page 3 of 15     47 

Definition of outcomes and variables

In order to enhance the robustness of our results, RTX 
was considered active from the day of first infusion up to 
12 months after the last administration.

Duration of RTX treatment was calculated from the date 
of the first infusion of RTX and the last clinical evaluation. 
For patients who discontinued RTX, the treatment duration 
was considered up to 12 months after the last infusion of 
RTX in the absence of any other treatment.

Reasons to discontinuation of the previous highly active 
DMT were categorized as following: PML risk, other 
safety issues (including adverse events, pregnancy etc.), 
and efficacy (clinical relapse and/or progression and/or 
MRI activity).

To evaluate disability progression, EDSS assess-
ments were compared at pre-baseline (last EDSS dur-
ing the prior highly effective therapy, within 6 months 
from its discontinuation), at baseline (at the time of RTX 
initiation; ± 3 months), at 12 ± 3 months (T12), and at 
24 ± 3 months (T24) after RTX initiation.

Confirmed disability worsening (CDW) was defined as 
an increase of ≥ 1.0 point in EDSS from baseline (or ≥ 0.5 
points for baseline EDSS ≥ 5.5), confirmed after at least 
6 months.

Relapse-associated worsening (RAW) was defined as 
an EDSS increase (≥ 1.5 points if the previous EDSS was 
0, ≥ 1.0 point if < 5.5, or ≥ 0.5 points if ≥ 5.5) occurring 
within 90 days of a documented relapse and persisting 
for at least 6  months [31]. To minimize the influence 
of transient relapse effects, EDSS assessments used for 
CDW confirmation were required to be performed at least 
30 days after a relapse event.

Progression independent of relapse activity (PIRA) 
was defined as confirmed disability worsening (sustained 
for ≥ 6 months) not associated with a relapse in the 90 days 
preceding the EDSS increase. Disability worsening was 
defined as a ≥ 1.0-point increase from an EDSS baseline 
score ≤ 5.0 or a ≥ 0.5-point increase from a baseline ≥ 5.5, 
confirmed after 6 months in the absence of relapse [31, 
32].

Progression independent of relapse and MRI activity 
(PIRMA) was defined as confirmed disability worsening 
(sustained for ≥ 6 months) occurring without clinical relapse 
or MRI activity within the same 90-day period. MRI activity 
was assessed by comparing the most recent MRI obtained 
within 90 days before the EDSS worsening (reference scan) 
with the subsequent follow-up scan, and was defined as the 
appearance of at least one new or enlarging T2 lesion or one 
gadolinium-enhancing lesion [31, 33]. Time to first PIRA 
and PIRMA events was also evaluated.

Relapse was considered as the occurrence of neurological 
signs persisting more than 24 h, in the absence of fever or 

infections, and confirmed by a neurologist on clinical exami-
nation. Dates of each relapse during treatment with the prior 
highly effective DMT and after RTX initiation were col-
lected. The annualized relapse rates (ARRs) were collected 
at baseline, at T12 and T24.

All the available data about MRI exams performed before 
and after RTX were collected. The presence of brain and/or 
spinal cord contrast-enhanced lesions (CELs) and the num-
ber of new brain and/or spinal cord T2 lesions compared to 
the previous MRI were evaluated. Particularly, we collected 
MRI data during previous treatment with highly active 
DMTs (pre-baseline), before RTX initiation (baseline), at 
T12 and T24. According to the reasons of discontinuation, 
clinical and MRI data were compared between patients who 
switched to RTX for efficacy reasons (relapse and/or MRI 
activity) or for safety concerns (PML risk, adverse events, 
poor tolerability, or pregnancy).

All adverse events (AEs) after RTX initiation mentioned 
in the medical records were registered and graded according 
to the Common Terminology Criteria for Adverse Events 
(CTCAE) v4.0. The following AEs were recorded: deaths, 
malignancies, autoimmune disorders, allergic reactions, 
infusion-related reactions, and infections. Uncomplicated 
lower urinary tract infections and uncomplicated upper res-
piratory tract infections were not considered.

RTX dosing regimens

Considering that dosing regimen of RTX may vary 
among each MS centers, the infusion’s protocols were 
stratified as follows:—1000  mg 2  weeks apart every 
6 months;—1000 mg 2 weeks apart repeated after CD19 
repopulation;—1000 mg 2 weeks apart followed by 375 mg/
m2 every 6 months.

Statistical analysis

Statistical analysis was performed using the STATA 16.1 
software. Analyses were based on available data; no imputa-
tion was performed for missing values. Missingness was low 
for EDSS (< 5%) and moderate for MRI data (~ 22% at T24).

Shapiro–Wilk test was applied to assess the normality 
of the distribution. Continuous variables were summa-
rized by the number of observations, mean, and standard 
deviation (SD), while categorical data were presented as 
absolute and relative frequencies (n and %) or in contin-
gency tables. If assumptions for parametric tests (t test or 
ANOVA) were violated, equivalent non-parametric methods 
were used. Specifically, for non-normally distributed data, 
Kruskal–Wallis test was applied for multiple-group compari-
sons and Mann–Whitney U test for pairwise analyses. Given 
that annualized relapse rate (ARR) represents count data, 
relapse counts were also modeled using Poisson regression; 
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when overdispersion was detected, a negative binomial 
model was applied.

Analysis of variance (ANOVA) was used to examine 
changes across time points (pre-baseline, baseline, T12, and 
T24), with Bonferroni correction for multiple post hoc pair-
wise comparisons. When normality assumptions were not 
met, the corresponding non-parametric tests were applied 
instead of ANOVA.

Spearman correlation coefficient (Rho) was calculated 
to assess the strength of correlations between the analyzed 
variables.

A multivariable Cox regression analysis was performed 
to estimate hazard ratios (HRs) and 95% confidence inter-
vals (CIs) for associations between disease characteristics 
at pre-baseline and baseline with outcomes over a follow-up 
period of up to 2 years. Three models were developed for 
each outcome, considering different clinical predictors: (1) 
time to first relapse, (2) time to first MRI activity (contrast-
enhanced lesions [CELs] or new/enlarged T2 lesions), and 
(3) time to first PIRA event. The full models were adjusted 
for baseline demographic and clinical characteristics, includ-
ing age, sex, number of relapses at baseline and pre-baseline, 
EDSS at baseline and pre-baseline, previous HEDMT (NTZ, 
FTY, ALM, CLD, or CYC-MIT), RTX dosage protocol, 
RTX dosing interval, and reasons for discontinuation (lack 
of efficacy, safety concerns, or PML risk). Non-significant 
covariates were removed, and reduced models were fitted 
using only statistically significant variables. A p-value ≤ 0.05 
was considered statistically significant.

Results

Out of 68,621 RMS patients identified in the Italian Multi-
ple Sclerosis and Related Disorders Register at the time of 
data extraction, 502 were treated with RTX. Of them, 362 
(119 [67.6%] females, with a mean age of 44.2 ± 11.6 years, 
age at onset 27.7 ± 11.8  years, and age at diagnosis of 

30.4 ± 11.6 years), met the inclusion/exclusion criteria and 
were finally enrolled (Fig. 1). A total of 176 (48.6%) patients 
were previously treated with NTZ, 160 (44.2%) with FTY, 
11 (3%) with ALM, 10 (2.8%) with CLD and 5 (1.4%) with 
CYC-MIT. Given the small sample size, patients treated 
with CYC and MIT were combined into a single group 
(CYC-MIT).

Demographical and clinical data at pre-baseline (before 
starting RTX) of the study cohorts are summarized in 
Table 1.

Patients were treated with RTX IV every 6–12 months, 
with a mean interval of 9.9 ± 5.6 (range 6–18) months.

In the NTZ group, the mean number of drug infusions 
was 37.8 ± 24.6 (median 28, range 6–69), the mean wash-
out period was 34.3 ± 12.2 days (median 32, range 28–48).

As for inclusion criteria, all patients previously treated 
with ALM and CLD have completed the 2-year treatment 
courses, with a mean wash-out period of 39.1 ± 10.8 and of 
32.8 ± 16.4 months, respectively.

Patients treated with ALM were younger compared to 
CYC-MIT group and showed a higher number of relapses 
before starting HEDMTs compared to FTY, CLD and CYC-
MIT. Moreover, at MS diagnosis, ALM group had a higher 
number of CELs compared with CLD and CYC-MIT and 
a higher number of new or enlarged T2-weighted lesions 
compared to patients treated with CYC-MIT (Table 1).

Overall, the main reason to suspend the HEDMT was 
PML risk (203 [40.3%]), followed by lack of efficacy (196 
[39.0%]) and other safety issues (Table 1). Lack of efficacy 
was more frequently reported in the ALM and in the CLD 
groups than in other groups, while PML risk was predomi-
nant among patients treated with NTZ. Other safety reasons 
were more frequently recorded in the CYC-MIT group.

Over all, the first PIRA event occurred at a median (IQR) 
time of 1.8 (1.2–2.0) years, and 100 of patients (27.6%) 
developed PIRA within the first 2 years of the RTX ini-
tiation. In addition, the first PIRMA event occurred at a 
median (IQR) time of 2.2 (1.9–3.5) years, and 56 of patients 
(15.5%) developed PIRMA within the first 2 years of the 

Fig. 1   Flowchart of the enrolled 
patients. ALM alemtuzumab, 
CLD cladribine, CYC-MIT 
cyclophosphamide/mitox-
antrone, FTY fingolimod, NTZ 
natalizumab, RMS relapsing-
multiple sclerosis, RTX 
rituximab
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RTX initiation. No differences in terms of time to first PIRA 
and PIRMA events were found among patients treated with 
different DMTs.

In the NTZ group, after RTX initiation, EDSS, number 
of relapses, ARR, RAW, PIRA, and PIRMA remained stable 
over the time. Similarly, radiological outcomes showed no 
significantly differences among each time point (Table 2).

Among patients treated with FTY, a substantial decline in 
the patients reporting PIRA (p < 0.01), PIRMA (p < 0.01), 
in the ARR (p < 0.001), and in the number of patients with 
MRI activity (p = 0.02) was observed between baseline and 
T24, with a downward trend also found in the number of 
CELs, in the number of new/enlarged T2 lesions and in the 
number of patients with MRI activity, even if not statistically 
significant (Table 3).

In the ALM and in the CLD groups, ARR, and RAW 
significantly reduced after 2 years of treatment with RTX 
(p < 0.01), with a marked decrease in the percentage of 
patients with MRI activity (p < 0.01) (Tables 4 and 5).

No changes in the MS activity and disability outcomes 
were found in patients previously treated with CYC-MIT 
over 2 years of follow-up (Table 6).

Across a total follow-up of 640.3 patient-years, 36 
adverse events (AEs) were documented in 18 patients, cor-
responding to an incidence rate of 5.6 events per 100 patient-
years and 2.8 affected patients per 100 patient-years.

No fatalities or malignancies were recorded. Only 2 AEs 
have CTCAE grade 3, one hypogammaglobulinemia and one 
respiratory tract infection. A total of 29 (80.6%) AEs were 
considered mild. Infusion reactions were the most frequent 
AEs (28 [77.8%] of 36), followed by infections (16 [44.4%]), 
and hematological (8 [22.2%]). The most frequent infection 
AE involved the urinary tract (22 [78.6%] of 28), followed 
by respiratory (5 [17.8%]), and cutaneous (1 [3.6%]). No 
cases of PML were recorded. Among the hematological 
AEs, most of them were hypogammaglobulinemia (6 [75%] 
of 8) and 2 (25%) were neutropenia. No differences in terms 

Table 1   Demographic and clinical characteristics of the study cohorts during treatment with HEDMTs

ALM alemtuzumab, CELs contrast-enhanced lesions, CLD cladribine, CYC-MIT cyclophosphamide-mitoxantrone, HEDMT high-efficacy dis-
ease-modifying therapies, EDSS Expanded Disability Status Scale, FTY fingolimod, PML progressive multifocal leukoencephalopathy, NA not 
applicable, NTZ natalizumab, SD standard deviation

Tot. 362
N (%)

NTZ 
176 
(48.6)
A

FTY 
160 
(44.2)
B

ALM 
11 
(3)
C

CLD 
10 
(2.8)
D

CYC-MIT 
5 
(1.4)
E

p value

Female; N (%) 119 (67.6) 98 (61.2) 7 (63.6) 8 (80) 3 (60) D vs B, E
p < 0.05

Age (years); mean ± SD
Median (range)

42.4 ± 10.6
38 (31–56)

44.8 ± 14.2
41 (32–58)

38.8 ± 9.7
36 (28–49)

40.5 ± 3.5
40 (38–43)

52.8 ± 10.5
47 (41–61)

E vs C  p < 0.05

Age at onset (years); mean ± SD
Median (range)

34.1 ± 12.2
31 (25–46)

36.8 ± 13.9
32 (28–48)

31.1 ± 8.1
29 (24–41)

33 ± 2.8
34 (28–39)

37.1 ± 17.3
36 (30–50)

0.4

Disease duration (years); mean ± SD
Median (range)

7.1 ± 4.3
6.4 (5–12)

7.6 ± 3.8
6.3 (4–12)

7.5 ± 3.7
6.1 (4–11)

8.5 ± 6.0
7.2 (5–18)

15.6 ± 7.8
12.3 (6–21)

E vs A, B C  p < 0.05

EDSS at diagnosis of MS; mean ± SD
Median (range)

2.0 ± 1.1
1.5 (0.0–3.5)

2.3 ± 1.6
1.5 (0.0–3.5)

2.5 ± 2.1
2.5 (0.0–4.5)

2.0 ± 1.2
1.5 (0.0–3.0)

2.4 ± 1.9
2.0 (1.0–4.0)

0.2

EDSS before starting HEDMT; mean ± SD
Median (range)

2.2 ± 1.6
2.0 (0.0–4.5)

2.5 ± 1.8
2.0 (1.0–4.5)

3.1 ± 2.2
3.0 (1.0–5.5)

3.0 ± 1.9
2.5 (1.5–5.0)

2.8 ± 1.6
2.0 (1.5–4.5)

0.3

N. of relapses at diagnosis of MS; mean ± SD
Median (range)

1.9 ± 1.5
1 (1–5)

1.5 ± 1.3
1 (1–4)

1.7 ± 1.8
1 (1–5)

1.5 ± 1.3
1 (1–3)

1.6 ± 1.5
1 (1–3)

0.7

N. of relapses before starting HEDMT; 
mean ± SD

Median (range)

1.9 ± 1.1
1 (1–5)

1.3 ± 1.1
1 (1–5)

2.4 ± 1.8
2 (1–7)

1.3 ± 1.1
1 (1–3)

1.6 ± 1.5
1 (1–3)

C vs B, D, E  p < 0.05

N. of CELs before starting HEDMT; 
mean ± SD

Median (range)

1.4 ± 0.8
1 (0–9)

0.8 ± 0.6
0 (0–4)

1.8 ± 0.9
2 (0–12)

0.5 ± 0.7
0 (0–5)

0.3 ± 0.6
0 (0–4)

C vs D, E  p < 0.05

N. of new or enlarged T2-weighted lesions 
before starting HEDMT; mean ± SD

Median (range)

0.9 ± 0.3
0 (0–6)

0.7 ± 0.6
0 (0–6)

1.2 ± 0.4
1 (0–11)

0.8 ± 0.5
0 (0–7)

0.4 ± 0.2
0 (0–4)

C vs E  p < 0.05

Reason of discontinuation; N (%)
 Lack of efficacy 31 (17.6) 92 (57.5) 11 (100) 10 (100) 2 (40) A vs C, D  p < 0.05
 PML risk 144 (81.8) 0 0 0 0 NA
 Other safety issues 1 (0.6) 68 (42.5) 0 0 3 (60) A vs B, E  p < 0.05
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of frequency and severity were observed among each group. 
The details of the AEs are presented in Table 7.

In an exploratory correlation analysis, no significant asso-
ciation was found between the length of the washout period 
and relapse occurrence after RTX initiation (Spearman’s 
ρ = 0.08, p = 0.37).

Cox analysis showed that higher EDSS before starting 
HEDMTs and at pre-baseline were associated to higher risk 
of PIRA (HR 1.54, 25% CI 1.06–5.36, p = 0.03 and HR 1.41, 
25% CI 1.03–5.64, p = 0.04, respectively). Similarly, factors 
predicting higher risk of PIRMA were older age at RTX ini-
tiation and EDSS before starting HEDMTs (HR 1.59, 25% 
CI 1.14–7.88, p = 0.03 and HR 1.19, 25% CI 1.03–4.65, 
p = 0.04, respectively). Finally, younger age and longer dis-
ease duration were associated with higher relapse risk (HR 
2.02, 25% CI 1.65–4.82; p = 0.008 and HR 1.87, 25% CI 
1.41–4.09; p = 0.01, respectively).

Results from the multivariable Cox proportional hazards 
model were presented in Fig. 2A–C.

Discussion

The main finding of our study is that RTX offers compara-
ble clinical stability to NTZ and superior outcomes to FTY 
in RMS patients switching from HEDMTs. The findings 
indicate that RTX, through its B cell depletion mechanism, 
offers significant clinical benefits in terms of controlling dis-
ease progression and reducing relapse rates in a population 
characterized by treatment resistance and disease activity.

Overall, our data suggest that RTX’s mechanism of action 
extends beyond merely preventing relapses, also contribut-
ing to the stabilization of disability progression, as measured 
by PIRA. This finding is consistent with previous studies 
showing that relapsing MS patients treated with RTX had 
a lower risk of confirmed disability progression compared 
with those treated with other DMTs or untreated cohorts 
[34–36]. Nonetheless, in our cohort RTX resulted in a 
reduction of disease activity, such as fewer relapses and less 
MRI-detected inflammation. However, its impact on disabil-
ity progression was generally milder. This may be due to 
the complex mechanisms underlying PIRA which involve 
chronic and progressive neurodegenerative processes, 
such as mitochondrial dysfunction, iron accumulation, and 

Table 2   Outcome measures in 
NTZ-treated patients

Pre-baseline: last evaluation during highly active therapies; within 6  months from the discontinua-
tion, baseline: at the time of RTX initiation; ± 3  months; T12: 12 ± 3  months after RTX initiation; T24: 
24 ± 3 months after RTX initiation
ARR​ annualized relapse rate, CELs contrast-enhanced lesions, EDSS Expanded Disability Status Scale, 
MRI magnetic resonance imaging, NTZ natalizumab, PIRA progression independent from relapse activity, 
PIRMA progression independent from relapse activity and MRI activity, RAW​ relapse-associated worsen-
ing, SD standard deviation
a These evaluations were performed considering the last year before starting RTX
*p < 0.05,  assessed by ANOVA with Bonferroni correction or Mann–Whitney U test for non-parametric 
data

N (% of 362) NTZ 
176
(48.6)

Pre-baseline Baseline T12 T24

EDSS; mean ± SD
Median (range)

2.6 ± 1.8
2.0 (1.5–5)

2.5 ± 1.7
2.0 (1.5–5)

2.6 ± 1.5
2.0 (1.5–5.5)

2.7 ± 1.5
2.0 (2.0–5.5)

N. of relapses; mean ± SD
Median (range)

0.4 ± 0.1
0 (0–3)

0.4 ± 0.2
0 (0–3)

0 0.4 ± 0.2
0 (0–4)

ARR; mean ± SD – 0.08 ± 0.1a 0 0.2 ± 0.1
RAW; N (%) – 7 (4)a 8 (4.5) 8 (4.5)
PIRA; N (%) – 6 (3.4)a 7 (4) 6 (3.4)
PIRMA; N (%) – 4 (2.3) 3 (1.7) 5 (2.8)
N. of CELs; mean ± SD
Median (range)

0.2 ± 0.1
0 (0–2)

0.2 ± 0.1
0 (0–2)

0.3 ± 0.1
0 (0–1)

0.3 ± 0.1
0 (0–1)

N. of new or enlarged T2-weighted 
lesions; mean ± SD

Median (range)

0.4 ± 0.3
0 (0–5)

0.4 ± 0.3
0 (0–5)

0.5 ± 0.3
0 (0–3)

0.7 ± 0.3
0 (0–4)

N. of patients with MRI activity; N (%) 6 (3.4) 7 (4) 7 (4) 6 (3.4)
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chronic oxidative stress, which are not specifically targeted 
by anti-inflammatory treatments [37].

According to our results, RTX was able to reduce the risk 
of the fearsome rebound after NTZ discontinuation, allowing 
for stabilization in terms of relapse activity and disability 
progression. In line with these findings, a recent retrospec-
tive study evaluating a cohort of 100 RRMS patients (50 
cases in each group) treated with NTZ and FTY who were 
switched to RTX, found a significant reduction in clinical 
relapse and disability progression in both groups after six 
months of follow-up, with no modifications in the pattern of 
MRI activity in NTZ-treated patients [38]. Another analysis 
of patients who switched from NTZ to anti-CD20 therapies 
demonstrated a significant reduction in ARR. In particular, 
similar to our study, in the subgroup of rituximab (n = 23), 
after a mean treatment duration of 48.57 months, nearly 
three-fourths (73.9%) of patients showed no disability pro-
gression [39].

As demonstrated in a previous analysis and confirmed 
in the present study, a significantly higher percentage of 
MS patients discontinued NTZ because of PML risk rather 
than to lack of efficacy [13]. Taking into account that NTZ 
discontinuation has been associated with rebound/return 
of disease activity [40, 41], several exit strategies were 

investigated in order to mitigate the risk of disease activity. 
A multicenter Swedish study of 256 RMS patients who dis-
continued NTZ because of JCV antibody positivity, demon-
strated that RTX was markedly superior to FTY in keeping 
clinical and MRI activity stable over a period of 18 months 
[42]. In addition, global post-marketing safety and clinical 
trial data demonstrated that the occurrence of PML is very 
rare among RTX-treated patients [43].

Nevertheless, RTX was able to reduce clinical and MRI 
disease activity in active RMS patients even though pre-
viously treated with immunosuppressive DMT [44]. An 
observational French retrospective study identified 351 off-
label RTX-treated patients through a cohort of 15,984 MS 
patients from the French Observatory of Multiple Sclerosis 
(OFSEP) register, who exhibited disease activity prior to 
starting RTX, despite ongoing immunosuppressive thera-
pies (FTY, NTZ, or MIT). The authors found a significantly 
decrease in ARR from 0.8 during last immunosuppressive 
drug to 0.18 after RTX, with a marked reduction of percent-
age of CELs (from 72% during last DMT, to 8% on the first 
MRI performed after RTX) [44].

Furthermore, several studies have highlighted the impor-
tance of minimizing wash-outs after NTZ when switching 
to other HEDMTs. As demonstrated by other studies, the 

Table 3   Outcome measures in 
FTY-treated patients

Pre-baseline: last evaluation during highly active therapies; within 6  months from the discontinua-
tion, baseline: at the time of RTX initiation; ± 3  months; T12: 12 ± 3  months after RTX initiation; T24: 
24 ± 3 months after RTX initiation
ARR​ annualized relapse rate, CELs contrast-enhanced lesions, EDSS Expanded Disability Status Scale, 
FTY fingolimod, MRI magnetic resonance imaging, PIRA progression independent from relapse activity, 
PIRMA progression independent from relapse activity and MRI activity, RAW​ relapse-associated worsen-
ing, SD standard deviation
a These evaluations were performed considering the last year before starting RTX
*p < 0.05,  assessed by ANOVA with Bonferroni correction or Mann–Whitney U test for non-parametric 
data

FTY 
160
(44.2)

N (% of 362) Pre-baseline (A) Baseline (B) T12 (C) T24 (D)

EDSS; mean ± SD
Median (range)

2.8 ± 1.8
2.5 (1.5–5.5)

2.6 ± 1.7
2.0 (1.5–5.5)

3.0 ± 1.8
2.5 (2.0–5.5)

3.0 ± 2.1
2.5 (2.0–5.5)

N. of relapses; mean ± SD
Median (range)

1.1 ± 0.6
1 (0–5)

1.2 ± 0.9
1 (0–5)

0.6 ± 0.3
0 (0–3)

0.8 ± 0.2
0 (0–4)

ARR; mean ± SD – 0.4 ± 0.1a,* 0.3 ± 0.2 0.2 ± 0.1*
RAW; N (%) – 11 (6.9)a 10 (6.3) 7 (4.4)
PIRA; N (%) – 25 (15.6)a,* 20 (12.3) 10 (6.4)*
PIRMA; N (%) – 20 (12.3)* 12 (7.5) 6 (3.8)*
N. of CELs; mean ± SD
Median (range)

0.6 ± 0.3
0 (0–4)

0.8 ± 0.5
1 (0–8)

0.5 ± 0.1
0 (0–4)

0.3 ± 0.2
0 (0–3)

N. of new or enlarged T2-weighted 
lesions; mean ± SD

Median (range)

0.8 ± 0.2
1 (0–9)

0.7 ± 0.4
0 (0–6)

0.5 ± 0.4
0 (0–3)

0.4 ± 0.3
0 (0–3)

N. of patients with MRI activity; N (%) 21 (13.1) 26 (16.3)* 16 (10) 11 (6.9)*
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relatively short wash-out period may have contributed to 
reduced risk of disease reactivation even in our cohort [45, 
46]. In our cohort, the median washout period after NTX 
discontinuation was approximately 34 days, which may have 
contributed to minimizing rebound risk. In an exploratory 
analysis, washout duration did not significantly correlate 
with relapse occurrence after RTX initiation, suggesting that 
the favorable outcomes were not solely driven by the short 
sequencing interval.

Several reports highlighted a possible risk of disease 
exacerbation or rebound after FTY cessation, which could 
potentially result in debilitating disease progression with 
the reasons for FTY withdrawal have varied among reports, 
ranging from pregnancy, adverse events, and minimal effi-
cacy to switching to other DMDs [8–10]. RTX’s efficacy in 
patients pretreated with FTY could be attributed to its unique 
mechanism of action, which differs fundamentally from that 
of other HEDMTs [25]. Notably, the failure of FTY in some 
patients may be related to the persistence of B cell-driven 
pathology despite these therapies [47, 48]. Accordingly, a 
recent analysis of 73 patients, 33 had switched from FTY 
to CLD and 40 to RTX, showed lower risk of rebound after 
switching to RTX compared to CLD [49].

RTX’s ability to deplete B cells likely addresses this 
pathological component more directly, offering a mecha-
nistic explanation for its efficacy in patients who have not 
responded to other HEDMTs, such as CLD and other immu-
nosuppressants [50].

As previously observed in other studies, RTX demon-
strated a favorable tolerance profile, with most side effects 
being mild. No deaths or cases of PML were recorded. 
Especially when compared to other potentially effective 
treatments for active RMS, such as MIT and ALM, RTX 
shows a promising safety profile [44]. Additionally, exten-
sive data on the safety of RTX are available from its use in 
other diseases over several years [51]. However, the overall 
number of reported infections was lower than that observed 
in controlled prospective studies, in which severe infec-
tions requiring hospital care have been reported at rates of 
approximately 20 per 1000 patient-years. This difference 
likely reflects the retrospective, registry-based data collec-
tion, which underestimates minor or outpatient-managed 
infections.

In accordance with the current literature, our multivariate 
analysis confirmed that younger patients with longer dis-
ease duration were associated with higher relapse risk and 

Table 4   Outcome measures in 
ALM-treated patients

Pre-baseline: last evaluation during highly active therapies; within 6  months from the discontinua-
tion, baseline: at the time of RTX initiation; ± 3  months; T12: 12 ± 3  months after RTX initiation; T24: 
24 ± 3 months after RTX initiation
ALM alemtuzumab, ARR​ annualized relapse rate, CELs contrast-enhanced lesions, EDSS Expanded Disa-
bility Status Scale, MRI magnetic resonance imaging, PIRA progression independent from relapse activity, 
PIRMA progression independent from relapse activity and MRI activity, RAW​ relapse-associated worsen-
ing, SD standard deviation
a These evaluations were performed considering the last year before starting RTX
*p < 0.05,  assessed by ANOVA with Bonferroni correction or Mann–Whitney U test for non-parametric 
data

N (% of 362) ALM 
11
(3)

Pre-baseline (A) Baseline
(B)

T12
(C)

T24
(D)

EDSS mean ± SD
Median (range)

3.3 ± 2.4
2.5 (2.0–6.5)

3.3 ± 2.6
2.5 (2.0–6.5)

3.5 ± 2.1
2.5 (2.0–7.0)

3.3 ± 2.8
2.5 (2.0–7.0)

N. of relapses; mean ± SD
Median (range)

1.5 ± 1.1
1 (0–6)

1.8 ± 1.0*
1 (0–8)

0.6 ± 0.5
0 (0–5)

0.7 ± 0.2*
0 (0–4)

ARR; mean ± SD – 1.2 ± 1.1a,* 0.7 ± 0.3 0.5 ± 0.2*
RAW; N (%) – 5 (45.4)a,* 3 (27.3) 2 (18.2)*
PIRA; N (%) – 4 (36.4)a 3 (27.3) 3 (27.3)
PIRMA; N (%) – 3 (27.3) 2 (18.2) 3 (27.3)
N. of CELs; mean ± SD
Median (range)

0.9 ± 0.4
0 (0–6)

1.0 ± 0.1
1 (0–11)

0.5 ± 0.4
0 (0–6)

0.4 ± 0.1
0 (0–4)

N. of new or enlarged T2-weighted 
lesions; mean ± SD

Median (range)

0.6 ± 0.4
1 (0–7)

0.9 ± 0.4
1 (0–8)

0.5 ± 0.4
0 (0–3)

0.5 ± 0.3
0 (0–4)

N. of patients with MRI activity; N (%) 4 (36.4) 6 (54.4)* 5 (45.4) 4 (36.4)*
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Table 5   Outcome measures in 
CLD-treated patients

Pre-baseline: last evaluation during highly active therapies; within 6  months from the discontinua-
tion, baseline: at the time of RTX initiation; ± 3  months; T12: 12 ± 3  months after RTX initiation; T24: 
24 ± 3 months after RTX initiation
ARR​ annualized relapse rate, CELs contrast-enhanced lesions, CLD cladribine, EDSS Expanded Disabil-
ity Status Scale, MRI magnetic resonance imaging, PIRA progression independent from relapse activity, 
PIRMA progression independent from relapse activity and MRI activity, RAW​ relapse-associated worsen-
ing, SD standard deviation
a These evaluations were performed considering the last year before starting RTX
*p < 0.05,  assessed by ANOVA with Bonferroni correction or Mann–Whitney U test for non-parametric 
data

N (% of 362) CLD 
10
(2.8)

Pre-baseline (A) Baseline (B) T12 (D) T24

EDSS mean ± SD
Median (range)

2.2 ± 1.4
1.0 (0.0–4.5)

2.1 ± 1.6
1.0 (0.0–4.5)

2.2 ± 1.6
1.0 (0.0–4.5)

2.2 ± 1.8
1.0 (0.0–5.0)

N. of relapses; mean ± SD
Median (range)

1.9 ± 1.3
1 (0–6)

1.8 ± 1.1*
1 (0–8)

0.6 ± 0.3
0 (0–5)

0.4 ± 0.1*
0 (0–3)

ARR; mean ± SD – 1.6 ± 1.0a,* 0.8 ± 0.3 0.6 ± 0.2*
RAW; N (%) – 4 (40)a 3 (30) 2 (20)
PIRA; N (%) – 2 (20)a 2 (20) 2 (20)
PIRMA; N (%) – 0 2 (20) 1 (10)
N. of CELs; mean ± SD
Median (range)

0.6 ± 0.4
0 (0–3)

0.7 ± 0.3
0 (0–5)

0.6 ± 0.3
0 (0–5)

0.4 ± 0.1
0 (0–4)

N. of new or enlarged T2-weighted 
lesions; mean ± SD

Median (range)

0.8 ± 0.5
1 (0–7)

0.8 ± 0.5
1 (0–8)

0.6 ± 0.4
0 (0–5)

0.4 ± 0.3
0 (0–4)

N. of patients with MRI activity; N (%) 6 (60) 6 (60)* 0 0

Table 6   Outcome measures in 
CYC-MIT-treated patients

ARR​ annualized relapse rate, CELs contrast-enhanced lesions, CYC-MIT cyclophosphamide-mitoxantrone, 
EDSS Expanded Disability Status Scale, MRI magnetic resonance imaging, PIRA progression independ-
ent from relapse activity, PIRMA progression independent from relapse activity and MRI activity, RAW​ 
relapse-associated worsening, SD standard deviation
a These evaluations were performed considering the last year before starting RTX
*p < 0.05,  assessed by ANOVA with Bonferroni correction or Mann–Whitney U test for non-parametric 
data

N (% of 362) CYC-MIT 
5
(1.4)

Pre-baseline Baseline T12 T24

EDSS mean ± SD
Median (range)

3.4 ± 2.6
3 (1.5–6.5)

3.5 ± 2.7
2.5 (1.5–6.5)

4.0 ± 1.9
2.5 (2.0–6.5)

3.5 ± 2.0
2.5 (1.0–7.5)

N. of relapses; mean ± SD
Median (range)

1.5 ± 1.1
1 (0–5)

1.4 ± 1.0
1 (0–6)

1.2 ± 0.5
1 (0–5)

0.7 ± 0.3
0 (0–5)

ARR; mean ± SD – 1.2 ± 0.8a 0.9 ± 0.4 1.0 ± 0.4
RAW; N (%) – 4 (80)a 3 (60) 2 (40)
PIRA; N (%) – 3 (60)a 2 (40) 2 (40)
PIRMA; N (%) – 2 (40) 2 (40) 1 (20)
N. of CELs; mean ± SD
Median (range)

0.5 ± 0.2
0 (0–3)

0.4 ± 0.3
0 (0–3)

0.5 ± 0.1
0 (0–4)

0.4 ± 0.2
0 (0–4)

N. of new or enlarged T2-weighted 
lesions; mean ± SD

Median (range)

0.5 ± 0.2
0 (0–5)

0.6 ± 0.3
0 (0–6)

0.5 ± 0.4
0 (0–5)

0.4 ± 0.2
0 (0–4)

N. of patients with MRI activity; N (%) 2 (40) 2 (40) 0 0
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of MRI activity [52]. On the other hand, higher EDSS before 
starting HEDMTs and at baseline were associated to higher 
risk of disability accrual, in terms of PIRA, while factors 
predicting higher risk of PIRMA were older age at RTX 
initiation and EDSS before starting HEDMTs. According 
to these findings, the higher baseline disability may reflect 
a greater degree of irreversible damage, which predisposes 
them to further progression despite treatment. As patients 
age, they experience more pronounced neurodegenerative 
changes, which contribute to overall disease progression. 
Older patients are likely to have accumulated more neurode-
generative damage by the time they start RTX, which makes 
it harder to mitigate disability progression despite reducing 
inflammatory activity. Furthermore, older patients may have 
a diminished capacity for remyelination and neuroplasticity, 
leading to a higher risk of worsening disability after relapses 
[52, 53].

Several limitations should be acknowledged. First, the 
retrospective nature of the analysis and the lack of a con-
trol group limit the ability to draw definitive causal infer-
ences. Variability in MRI evaluations and washout intervals 
may have affected the precision of outcome measure-
ments. Indeed, because MRI scans were not systemati-
cally performed at fixed 12-month intervals, ascertainment 
of PIRMA events may have been incomplete, potentially 
underestimating subclinical activity and inflating stability 
rates. Notably, only patients with both MRI and EDSS data 
available at two or more time points were included, some 
missing values occurred at later visits, reflecting real-world 
follow-up variability. Despite these limitations, the use of 

standardized data collection within the Italian MS Register 
strengthens the internal consistency of the findings; however, 
these observations remain hypothesis-generating and war-
rant confirmation in prospective studies. Second, variability 
in the dosing regimen of RTX re-treatment among Italian 
MS centers may have reduced the generalizability of our 
results. However, in our study the mean interval dosing was 
roughly 10 months, in line with recent findings suggesting 
that anti-CD20 dose interval extension over 12 months could 
be considered in patients with RMS with stable disease [54]. 
Third, most patients switching from NTZ to RTX did so for 
safety reasons (mainly PML risk) and had relatively stable 
disease and short washout periods, whereas those switching 
from CLD or ALM generally showed disease reactivation or 
progression. Although we stratified analyses and adjusted 
for previous DMT and reason for discontinuation, residual 
confounding cannot be completely excluded.

This study focused on patients who had discontinued 
HEDMTs, so the generalizability of these results to other 
MS populations, such as those naïve to high-efficacy thera-
pies, remains to be determined. Future research should 
explore the potential role of RTX earlier in the treatment 
algorithm and identify biomarkers predicting response 
to B cell depletion, particularly in light of emerging evi-
dence suggesting that early and aggressive treatment can 
lead to better long-term outcomes in MS [12, 55]. Finally, 
adverse event reporting may have been influenced by the 
registry-based nature of data collection, which prioritizes 
clinically relevant events and may underrepresent mild or 
transient reactions. Although AE incidence rates were pro-
vided per 100 patient-years to improve comparability, the 
lack of systematic recording of mild events (e.g., transient 
infusion reactions, mild or outpatient-managed infections) 
remains a limitation.

One of the key considerations in selecting RTX is its 
off-label status for the treatment of MS in several coun-
tries. Nevertheless, RTX is now considered an accepted 
off-label alternative, supported by accumulating real-world 
evidence and clinical trials. Notably, a recent phase 3 ran-
domized trial comparing RTX with dimethyl fumarate in 
predominantly newly diagnosed RRMS patients demon-
strated superior efficacy of RTX in preventing relapses 
and MRI activity, further reinforcing its therapeutic value 
in early disease stages [56].

A recent nationwide study using data from Swedish reg-
isters investigating the accrued real-world costs for MS 
DMTs, demonstrated that RTX is much more cost-effec-
tive than MS-approved alternatives [57, 58]. The ongoing 
accumulation of data supporting RTX’s efficacy and safety 

Table 7   Frequency and severity of adverse events (AEs)

PML progressive multifocal leukoencephalopathy

Adverse events Total N. 36

Death 0
PML 0
Severity of adverse effect
 Grade 1 29
 Grade 2 5
 Grade 3 2

Type of adverse effect
 Infectious 16
 Hematological 8
 Neoplastic 0
 Reactions to infusion 28
 Pregnancy 0
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Fig. 2   Cox regression analyses 
of risk factors for PIRA (A), 
PIRMA (B), and first relapse 
(C) during RTX treatment. 
PIRA progression independent 
from relapse activity, PIRMA 
progression independent from 
MRI activity, RTX rituximab
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may eventually influence regulatory and clinical guide-
lines, potentially leading to more widespread adoption and 
official approval for use in MS [29].

In conclusion, our findings have important implications 
for clinical practice. They suggest that RTX represents a 
viable and effective therapeutic option for patients with 
MS who have discontinued highly effective DMTs. The 
significant reduction in relapse rates and stabilization of 
disability observed in this challenging patient population 
highlights RTX’s potential as a key therapeutic option. As 
the treatment landscape for MS continues to evolve, RTX 
offers a promising alternative for patients with refractory 
disease, warranting further investigation and consideration 
in clinical practice.
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