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Abstract

Background Multiple sclerosis (MS) is an autoimmune, neuroinflammatory, and neurodegenerative disease of the central ner-
vous system. B cells have recently emerged as a promising target to significantly reduce inflammatory disease activity in MS,
with successful trial studies using antiCD20 therapies. However, real-life data about safety and efficacy are limited.

Objectives To analyze the clinical and radiological inflammatory activity, adherence to therapy, and safety of rituximab (RTX) in
an MS patients’ sample, treated from 2015 to 2018 in our center

Patients and methods Retrospective study on prospectively collected data about relapses, disability progression, and radiolog-
ical activity (new T2 lesions and Gd-enhancing lesions) were recorded and used to assess no evidence of disease activity (NEDA)
at 12 months. RTX-related adverse events were recorded. RTX was administered intravenously at a dosage of 1000 mg twice
2 weeks apart, then every 6 months.

Results Sixty-nine patients were included. Fifty-three (76.8%) had a relapsing-remitting, two a primary progressive course, and
14 a secondary progressive course. The mean follow-up period was 16 = 9.7 months. Thirty-five (50.7%) patients had relapses in
the year prior to RTX therapy, with a mean annualized relapse rate of 0.75, significantly reduced to 0.36 at 12 months (p < 0.001).
Among the 36 patients included in the study who had an MRI available at 12 months, MRI activity was reduced from 88% (n =
32) to 8.3% (n=3) at follow-up (p <0.001). Twelve (17.4%) patients suspended RTX during the study.

Conclusions Our real-life experience confirms that off-label therapy with RTX may represent a valid, cost-effective therapeutic
option in MS.
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Introduction

Multiple sclerosis (MS) is an autoimmune, neuroinflammatory,
and neurodegenerative disease of the central nervous system,
most often characterized at onset by a relapsing-remitting (RR)
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course. In the past few years, B cells have emerged as a promis-
ing target to significantly reduce inflammatory disease activity,
with the first successful trials using rituximab (RTX) in RRMS
[1-3]. The standard administration dosage for MS patients con-
sists of an induction phase, with two 1000-mg infusions at a 15-
day interval, and a maintenance regimen, with reinfusions every
6 months. More recently, a phase III clinical trial is evaluating
two different dosing regimens, comparing—after 1 year with a
500-mg infusion in the induction phase and every 6 months—an
extended-dose administration arm (with a 12-month reinfusion
regimen) with a standard-interval administration regimen
(ClinicalTrials.gov Identifier: NCT03979456). Even if an
increasing body of evidence suggests the efficacy of RTX as a
highly efficacious disease-modifying treatment (DMT) for MS,
prospective real-life data are still needed [4-9]. The aim of the
present study was to analyze efficacy and safety of RTX admin-
istration in an Italian real-life cohort of MS patients.
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Methods

We included MS patients, diagnosed according to the 2010
McDonalds criteria [10], followed by the MS center of the
University of Florence and treated with RTX as an “off-label”
therapy from 2015 to 2018. RTX was administered intrave-
nously at the dosage of 1000 mg twice with 8 weeks apart, in a
single course. A maintenance regimen was then started, with
reinfusions every 6 months using the same dosage of
1000 mg. Time on treatment was defined as time from first
RTX infusion until data censure. When addressing reasons for
discontinuation of the last treatment before RTX, poor effica-
cy was defined as clinical (one or more relapses) and/or radio-
logical activity (new T2 lesions and or gadolinium-enhancing
lesions in two consecutive MRIs) under treatment [11].

In this retrospective study on prospectively acquired clini-
cal data, we evaluated both efficacy and safety outcomes.
Efficacy outcomes were the reduction of annualized relapse
rate (ARR) at 12 months; disability progression at 6 and
12 months (defined as a worsening of 1.5 Expanded
Disability Status Scale, EDSS [12] points if the baseline
EDSS was 0.0; 1 point if it was 1-5.5; 0.5 points if it was >
5.5[13]); MRI activity at 6 and 12 months (defined as new T2
lesions and/or gadolinium (Gd)-enhancing lesions). These da-
ta were combined to obtain the no evidence of disease activity
(NEDA)-3 score for a patients’ subgroup. As for safety out-
comes, we assessed the occurrence of adverse events (AEs)
that were classified as infusion-related (IR), infectious, and
non-infectious. The AEs were also classified accordingly to
the Common Terminology Criteria for Adverse Events
(CTCAE v 5.0,2017 [14]) into mild (1); moderate (2); severe
(3); and life-threatening (4).

Blood samples for safety and B cell monitoring were drawn
immediately before RTX infusions. B cell levels were not
used to guide treatment decisions. This study was approved
by the local ethic committee.

Statistical analysis

Group comparisons were performed using the Student 7 test,
Mann-Whitney U test, and chi-square test when appropriate,
with Bonferroni’s correction for multiple comparisons. The
McNemar test was used for dichotomic non-parametric vari-
ables. Comparison of efficacy and safety variables before and
after treatment was performed using the paired ¢ test,
Wilcoxon signed-rank test, and McNemar test when appropri-
ate. Possible predictors of NEDA at 12 months were assessed
using a multivariable logistic regression analysis, including
sex, age at onset, age at RTX therapy, disease duration, disease
course, ARR in the year before therapy, and baseline EDSS as
covariates.
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Likewise, possible predictors of infusion-related, infec-
tious, and non-infectious AEs were assessed using multivari-
able logistic regression analyses, including the following co-
variates: sex, age at onset, age at RTX therapy, disease dura-
tion, disease course, baseline EDSS, previous immunosup-
pressive therapy.

A p value < 0.05 was considered statistically significant for
all the analyses. IBM SPSS version 25.0 was used for the
statistical analysis.

Results
Clinical and demographical data

Sixty-nine patients were included in our study: 51 (73.9%)
females, 53 RR, 12 secondary progressive (SP), and four pri-
mary progressive (PP) patients. All the analyses were conduct-
ed considering SP and PP patients as a whole “progressive”
group. In comparison with RR patients, the progressive cases
were older at RTX therapy initiation (49.5 +7.0 years old vs
40.9+9.7 years old in the RR patients, p <0.0001) and had a
higher median baseline EDSS score (6; IQR, 5.5-7 vs 2.5;
IQR, 1.5-5, p<0.0001). Furthermore, a trend (p = 0.09) was
found toward a difference in disease duration (7.1 £5.1 years
inRR vs 10.3 + 6.7 years in progressive patients). The patients
were followed for a mean of 16.0 £9.7 months. Other demo-
graphic and clinical characteristics of the whole sample are
depicted in Table 1.

For 44 (68.8%) of the 64 previously treated patients, per-
sistent disease activity during treatment with another DMT
represented the most frequent reason for starting RTX.
Thirteen patients, three receiving GA or IFN, two dimethyl-
fumarate, five cyclophosphamide, and three fingolimod,
switched to RTX due to AEs or reduced compliance. Seven
patients switched from natalizumab to RTX due to safety rea-
sons (high titer JC virus positivity). In the remaining five
(7.2%) patients, RTX was administered as a first-line therapy
due to a highly active disease course. The most frequent ther-
apy used before RTX initiation was dimethyl-fumarate
(23.2%), followed by fingolimod (18.8%). The proportion of
previous treatments and their relative reason for discontinua-
tion are depicted in more detail in Table 2.

Efficacy
Annualized relapse rate

Seven patients were excluded from the efficacy analysis, since
they were switching from natalizumab and in NEDA-3 status
before starting RTX. Among the remaining 62 patients, 46
(74.2%) had a RR, and 16 (26.8%) had a progressive disease
course. Sixty-two patients were included in the analysis. The
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Table 1 Demographic and

clinical characteristics of the Total RR Progressive r

study sample (n=69) (n=53) (n=16)
Sex (F, %) 51(73.9%) 39 (73.6%) 12 (75.0%) 0.013%
BMI (mean, SD) 23.5(*3.9) 23.7 (+£4) 23.0 (£3.9) n.s.
Weight (kg, mean, SD) 65.5 (£12.8) 66.1 (£13.1) 63.8 (£11.8) n.s.
Age at onset (mean, SD) 30.2 (£10.8) 29.8 (+£10.7) 31.5(x11.7) n.s
Age at RTX therapy (mean, SD) 42.9 (£9.8) 40.9 (+9.7) 49.5(+7.0) < 0.0001*
Disease duration (mean, SD) 7.8 (£5.7) 7.1 (£5.1) 10.3 (£6.7) n.s.
Baseline EDSS (median, IQR) 3.0 (2-6) 2.5(1.5-5) 6 (5.5-7) < 0.0001%*
Number of previous DMTs (mean, SD) 29 (=1.9) 2.9 (£2) 33(1.8) n.s.
Follow-up (mean, SD) 16.0 (£9.7) 15.3 (+10.2) 19.0 (£8.1) ns.

*Statistically significant

SD, standard deviation; RR, relapsing-remitting; DMT, disease-modifying therapy; EDSS, Expanded Disability
Status Scale; /QR, interquartile range; RTX, rituximab; ns, not significant

mean ARR in the year before the first infusion was of 0.75,
and it was significantly reduced at 12 months to 0.36 (p =
0.004). Considering RR and progressive patients separately,
there was a trend (p =0.07) toward a significant reduction in
the ARR in both groups. Patients with a RR course had an
ARR of 0.36 at 12 months, compared with 0.83 in the year
before inclusion, while progressive patients had an ARR of
0.5 in the year before inclusion, reduced to 0.36 at 12 months.

The time from last relapse to RTX initiation was 1.23 (SD, +
1.5) years for the whole group, while the time from first RTX
administration to first relapse was 0.74 years (SD, +0.54).
Considering separately RR and progressive patients, the laten-
cy from last relapse to RTX was 0.67 (SD, +0.54) vs 3.2 (SD,
+2.1) (p <0.001), while from first RTX administration to first
relapse 0.82 (SD, £0.6) in RR patients and 0.2 (SD, £0.2)
(p =0.442) for progressive patients.

Table 2 Frequency of previous

Number (%) of patients (tot = 64)

Reason for discontinuation Number of patients

DMTs used before switching to Last DMT

rituximab and their relative reason

for discontinuation IFN 7 (10.9%)
GA 5 (7.8%)
DMF 16 (25%)
TERI 3 (4.7%)
AZA 5 (7.8%)
NTZ* 7 (10.9%)
CYCLO 6 (9.4%)
MTX 1 (1.6%)
MITO 1(1.6%)
FINGO 13 (20.3%)

Scarce tolerance
Scarce efficacy
Scarce tolerance
Scarce efficacy

N A= N

Scarce tolerance

—
~

Scarce efficacy
Scarce tolerance
Scarce efficacy
Scarce tolerance
Scarce efficacy
Scarce tolerance
Scarce efficacy
Scarce tolerance
Scarce efficacy
Scarce tolerance
Scarce efficacy
Scarce tolerance
Scarce efficacy

W = O = O = L O O LB O W O

Scarce tolerance

—_
(=]

Scarce efficacy

DMT, disease-modifying treatment; /F'N, interferon in its various formulations; GA, glatiramer acetate; DMF,
dimethyl-fumarate; FINGO, fingolimod; TERI, teriflunomide; N7Z, natalizumab; Cyclo, cyclophosphamide;
AZA, azathioprine; MTX, methotrexate; MITO, mitoxantrone. *All patients treated with NTZ were switched to

RTX due to safety reasons
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MRI activity

Data on MRI activity were available in 43 subjects at 6 months
and 36 at 12 months. At 6 months, there was a significant reduc-
tion in the proportion of patients showing MRI activity that de-
creased from 67.4 to 23.2% considering the whole group
(p<0.001). Focusing on different disease courses, there was a
55.4% reduction in MRI activity at 6 months for RR patients
(p<0.001), with a similar reduction in progressive patients
(53.2%, p < 0,039). Among the 36 patients included in the study
who had an MRI available at 12 months, MRI activity was
reduced from 88% (n=32) to 8.3% (n=23) at follow-up
(» <0.001).

EDSS progression

Of the 55 patients who had an EDSS evaluation at 6 and
12 months, 13 (23.2%) showed an EDSS progression at
6 months, while only one patient showed an EDSS progression
at 12 months, compared with baseline. Distinguishing RR and
progressive patients, ten progressive and three RR patients
showed an EDSS progression at 6 months, while no RR and
one progressive patient had an EDSS worsening at 12 months.

NEDA

We evaluated the NEDA-3 [15] status at 12 months for 36
patients. Twenty-two of them (61.1%) were labeled as
NEDA-3 at 12 months, eighteen RR and four progressive
patients. In the multivariable model, no significant predictor
was found (data not shown).

Efficacy data for RR and progressive patients are reported
in more detail in Table 3.

Table 3  Efficacy data at 12-month follow-up for RR and progressive
patients

RR Progressive )4
EDSS (median, IQR) 2.5 (1.5-5) 6.75 (6-7) <0.0001
MRI activity (n, %) 2 (3.8%) 1 (11.1%) 0.535
ARR (mean, SD) 0.36 (£0.8) 0.36 (£0.5) 0.146
NEDA (n, %) 18 (64.3%) 4 (44.4%) 0.145

*Statistically significant

RR, relapsing-remitting; EDSS, Expanded Disability Status Scale; MRI,
magnetic resonance imaging; ARR, annualized relapse rate; NEDA, no
evidence of disease activity; /OR, interquartile range; SD, standard
deviation
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Safety

The whole sample was included in the safety analysis. The
frequency and severity of the AEs that occurred during the
follow-up period are depicted in Table 4.

Infusion-related AEs were the most common and occurred
in 30 cases (43.5%). They were most often represented by a
mild pricking sensation in the throat and resolved by reducing
the infusion speed or temporarily stopping the infusion, with-
out further treatments. In only one case, there was a more
serious reaction, characterized by a maculopapular rash locat-
ed in the trunk and neck that prompted RTX interruption and
required corticosteroid administration. The patients who ex-
perienced infusion-related AEs had a lower EDSS (3.0£1.8
vs 4.4+2.2, p=0.008). At the multivariable analysis, a lower
EDSS (OR 0.69 CI 95% 0.52-0.92; p=0.012) and the ab-
sence of previous immunosuppressive treatments (OR 0.25,
CI 95% 0.08-0.85; p =0.026) were associated with a higher
frequency of infusion-related AEs.

In nineteen cases (27.5%), non-infectious AEs recorded
were most commonly leukopenia or neutropenia (26.3%).
One patient developed a pancreatic carcinoma that prompted
therapy interruption. However, this event was recorded after
4 months following the induction phase.

Infectious AEs were less common than non-infectious in
our cohort, occurring in 16 (23.2%) cases under RTX therapy.
The most common infections recorded were urinary tract in-
fections, reported to affect 10 (62.5%) subjects. Four patients
had respiratory tract infection, and two had gastrointestinal
infection. One patient experienced Gram+ sepsis as a conse-
quence of persistent neutropenia. At the multivariable analy-
sis, a significant association between infections and a longer

Table 4 Frequency and grading of adverse events for the whole cohort

Frequency (%) CTCAE grading, n (%)

IR (n, %) 30 (43.5) I 3(4.3)

I 26 (37.7)

I 1(1.4)

v 0
Infectious (1, %) 16 (23.2) I 0

1T 15 (21.7)

1 0

v 1(1.4)
Non-infectious (n, %) 19 (27.5) 1 11 (15.9)

I 6(8.7)

i 1(1.4)

v 1(1.4)

IR, infusion-related; CTCAE, Common Terminology Criteria for Adverse
Events
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disease duration was noted (11.1 £6.0 years. vs 6.6 + 4.9 years
old in the infectious vs non-infectious group; p =0.013).

Analyzing the correlation between non-infectious AEs and
clinical and demographic characteristics, we observed that the
four subjects with evidence of leukopenia had a significantly
lower weight compared with the rest of the sample (56.8 £2.4
vs 66.1£13.0 kg, p<0.0001). No significant relationships
were found between clinical characteristics and non-
infectious AEs at the multivariable analysis.

Twelve (17.4%) patients suspended RTX during the study.
The reasons for discontinuation are reported in Table 5.

The 27 patients who experienced CTCAE grade >2
infusion-related AEs to RTX administration were tested for
anti-drug antibodies that were positive in one of them.

Discussion

From the first small case series published in 2004 that de-
scribed a favorable experience with RTX in neuromyelitis
optica spectrum disorder and aggressive MS patients [16],
RTX has been suggested to be a highly effective DMT for
MS patients [1, 3, 7, 17, 18]. This was confirmed in a recent
review including 48 clinical studies involving at least 2151
RRMS and 1437 progressive MS [9].

As a consequence of the abovementioned promising real-
word data about its usage in MS, and following the positive
results of the phase III clinical trials of ocrelizumab and its
subsequent approval, the off-label use of RTX has gained
attention for the patients who do not respect the inclusion
criteria for ocrelizumab therapy [19].

Our observational study that included both RR and pro-
gressive patients, with a mean follow-up time of 16 months,
confirms the previously shown good efficacy and safety pro-
file of RTX therapy for MS patients.

First, the ARR was significantly reduced at the 12-month
follow-up visit (0.75 vs 0.36, p = 0.004) for the whole patient
group. These results are in line with both the phase II clinical
trial conducted by Hauser et al. [1] in 2008 and other studies
that focused on real-life data obtained by national clinical

Table 5 Reasons for rituximab discontinuation

N (%)

tot=12
Adverse event (n, %) 4(33.3)
Scarce tolerability (n, %) 3 (25)
Persistent clinical disease activity (1, %) 2 (16.6)
Persistent radiological disease activity (n, %) 2 (16.6)
Pregnancy (n, %) 1(8.3)

registries [4] or in other cohorts, including other patients with
acquired demyelinating disorders [6].

Regarding radiological disease activity, the significant 12-
month reduction in MRI activity showed in our patients cor-
roborates the efficacy of RTX therapy on MRI measures of
ongoing disease activity, documented in other studies [1, 5, 6].
Regarding Gd+ lesions, a 2010 study focusing on highly ac-
tive RRMS patients with recent relapses [20] showed a signif-
icant reduction of the number of these lesions. However, dif-
ferently from the other studies, we considered Gd+ lesions and
new T2 lesions as a measure of MRI activity, without
distinguishing them.

Fifty-five patients had an EDSS evaluation at baseline and
at 6 and 12 months. Thirteen of them showed an EDSS wors-
ening that was not confirmed at 12 months for most of them.
For progressive patients, even if in a reduced sample size, the
medium EDSS worsened at 12 months. The data on RR pa-
tients are in line with some other real-life studies, where the
EDSS ameliorated for RR patients at 12 months [4, 7].
However, other studies demonstrated a stability of the EDSS
score at 12 months for RR patients, and one registry study
even reported an EDSS worsening at 12 and 18 months for
this patients’ subgroup [8]. As for progressive disease course,
a phase II/III placebo-controlled RCT explored the efficacy of
RTX in PPMS: a significant reduction in time to confirmed
disability progression (CDP) in younger (<51 years old) pa-
tients and in those with Gd-enhancing lesions at baseline was
confirmed at 96 weeks, even if the time to CDP was not
significantly different between the two arms [21]. Moreover,
areal-life study including a progressive patient subgroup dem-
onstrated that the EDSS score ameliorated for SP patients,
while remained the same for PP patients [4]. Finally, a recent
retrospective study assessed efficacy of RTX-treated patients
in reducing EDSS score and CDP in SPMS patients at a mean
follow-up of 3.5 years, compared with propensity-score-
matched individuals who were never treated with RTX [22].
We were not able to replicate these findings, due to the limited
sample size of our progressive cohort.

In interpreting the above results, due to the absence of a
control group, a regression to the mean phenomenon has to be
taken into account. Nevertheless, our efficacy data taken to-
gether with other data in the literature suggest an early action
of RTX into reducing clinical and radiological activity, while
its action may be more delayed regarding disability worsen-
ing, and it could be more evident later or during the treatment.
However, the observational design and the relatively limited
sample size and duration of the follow-up prevent us to take
strong evidence supporting our hypotheses.

The NEDA-3 status was evaluated at 12 months from the
start of RTX therapy: this condition was observed in 61.1% of
patients, consistent with the result reported by D’ Amico et al.
[6] but slightly lower than the percentage reported in another
recent observational study (74%) [23].
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Concerning safety issues, in our patients, we observed a
frequency of infusion-related adverse events similar to the
data reported in other studies [24]. In most cases, these AEs
were mild-to-moderate (CTCAE 1-2) and spontaneously re-
solved or only needed a temporary slowing in the infusion
rate. In one case, a severe allergic reaction (CTCAE 4) oc-
curred and led to therapy discontinuation.

Within our sample, infectious and not infectious AEs were
almost equally balanced in their proportion (23.2% vs 27.5%,
respectively), conversely from what has been reported in an-
other study [4], where infectious AEs were more represented.

As discussed before, 27.5% of our sample experienced
non-infectious AEs: in only 3 (4.3%) subjects, these were
serious in nature (CTCAE 3 to 4) and led to discontinuation
of therapy. In particular, in a single patient, the presence of an
infiltrating pancreatic neoplasm was found after 4 months
from the beginning of RTX therapy: however, in consideration
of other previous immunosuppressive treatments and the short
time of exposure to RTX, the direct relationship with RTX
administration appears to be doubtful. A large cohort study
reported a low frequency of all type of malignancies for RTX
in MS, without significant differences with the general popu-
lation, with an estimated incidence rate of 34.4 for 10,000
patient-years, compared with 31.0 in the general population
[25].

Interestingly, in our study, some of the adverse events were
hematologic (10.1%); in particular, our data confirm what had
been reported in the literature for MS or neuromyelitis optica
spectrum disorder patients for hypogammaglobulinemia dur-
ing RTX therapy [26, 27].

In our sample, despite adequate premedication with anti-
histaminics and iv corticosteroids, more than 40% of patients
experienced IR AEs. In the multivariable analysis, a higher
incidence of IR AEs was associated with lower EDSS score
and absence of previous immunosuppressive treatments.
Literature data about IR AEs related to RTX administration
suggest that—except for rare cases of hypersensitivity—these
AEs are mainly linked to cytokine-release by immune cells (B
and NK cells), resulting from the binding of the Fc portion of
RTX to FcyRIITA/CD16 expressed in these cells, and thus
could be influenced by peripheral B cell level and CD16 ex-
pression [28]. It is possible to speculate that previous immu-
nosuppressive treatment could influence B and NK cell activ-
ities, reducing the risk of IR AEs after RTX administration.
However, larger studies are needed in the attempt to find a
predictive model for these events and identify the patients
who may need a more aggressive premedication before RTX
infusion.

Analyzing the possible correlations between clinical and
demographic parameters and AEs, we observed that the four
subjects with evidence of leukopenia had a significantly lower
weight compared with the rest of the sample. It is interesting to
note that a Swedish study [5] showed no differences in
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efficacy between the two groups with different maintenance
doses (500 mg vs 1000 mg every 6 months); moreover, this
study revealed a reduction in AEs in the group that received a
reduced maintenance dose. In light of these results and with
the aim of customizing the therapeutic schemes of RTX ther-
apy, future studies comparing different dosages of the drug in
larger and prospective cohorts are necessary.

Conclusion

Despite few limitations, our study confirms that RTX can be
considered an efficacious and reasonably safe therapy for MS,
especially for patients with a RR disease course. Future
multicentric and comparative trials are needed to evaluate
the long-term efficacy and tolerability of this low-cost therapy
compared with other monoclonal antibodies used for MS.
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