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ABSTRACT

Introduction: B-cell-depleting agents have
been widely used for neurompyelitis optica
spectrum disorder (NMOSD) and MOG-associ-
ated diseases (MOGAD), but no consensus exists
on the optimal dose and frequency of treatment
administration. The aim of our study was to
evaluate the effect of a Rituximab (RTX) per-
sonalized treatment approach based on CD27-
positive B-cell monitoring on efficacy, safety,
and infusion rates.

Methods: This is a retrospective, uncontrolled,
single-center study including patients with
NMOSD and MOGAD treated with RTX at a
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tertiary multiple sclerosis center at the San Luigi
University Hospital, Orbassano, Italy. All the
patients were treated with RTX induction, fol-
lowed by maintenance infusion at the dosage of
1000 mg according to cell repopulation: ini-
tially according to total CD19-positive B-cell
monitoring (> 0.1% of lymphocytes), and sub-
sequently according to CD27-positive B-cell
repopulation (>0.05% of lymphocytes for the
first 2 years, and subsequently > 0.1%). NMOSD
and MOGAD activity was assessed as clinical or
MRI activity. All patients were screened of the
occurrence of severe adverse events (AEs).

Results: A total of 19 patients were included in
the analysis. Median follow-up was 7.64 years
(range 3.09-16.25). The annualized relapse rate
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(ARR) 1 year before RTX start was 2.37 [Standard
deviation (SD), 1.34] and decreased to 0.08 (SD
0.11) in the subsequent years after RTX initia-
tion. ARR did not differ before and after start of
CD27 monitoring. Median inter-dose time was
8.80 (range 5.78-14.23) before CD27 monitor-
ing and 15.93 months (range 8.56-35.37) after
CD27 monitoring (p <0.001). We observed no
AFs.

Conclusion: Our findings suggest that in our
cohort CD27-positive B-cell-based RTX reinfu-
sion regimen was able to reduce the number of
RTX reinfusions relative to CD19-positive B-cell
monitoring, with comparable efficacy and
safety profile. In order to achieve an even more
individualized and effective treatment, the
FCGR3A genetic polymorphisms could be eval-
uated when assessing RTX efficacy.

Keywords: Neuromyelitis optica spectrum
disorder; MOG-associated diseases; Rituximab;
CD27-positive B-cell

Why carry out this study?

Different treatment regimens exist for
neuromyelitis optica spectrum disorder
(NMOSD) and MOG-associated-antibody-
diseases (MOGAD).

B-cell population monitoring is crucial for
a personalized treatment approach.

CD27-positive B-cell monitoring could be
more effective than B-cell monitoring.

What was learned from the study?

CD27-positive B-cell monitoring is safe
and effective.

Lower infusion number could reduce
treatment burden and risk of infectious
events.

INTRODUCTION

NMOSD is an autoimmune inflammatory dis-
ease of the central nervous system mainly
characterized by severe attacks of optic neuritis
and transverse myelitis alone or in combination
[1]. The majority of patients test positive for
water channel aquaporin-4 autoantibodies
(AQP4-1gG), and present frequently with the
classic clinical phenotype [1]. A minority of
patients with antibodies against myelin oligo-
dendrocyte glycoprotein (MOG-IgG) has a dis-
tinct more variegate clinical phenotype defined
as MOGAD [2]. Robust evidence exists regarding
efficacy of B-cell-depleting agents, such as
Rituximab (RTX), in NMOSD and, to a lesser
extent, in MOGAD [3-5]. Different treatment
regimens exist including, among others, fixed
time-point (every 6 months) infusions or cell-
monitoring-based reinfusion regimens [6]. The
latter is further classified in maintenance regi-
mens based on CD19-positive or blood CD27-
positive B-cell monitoring. A treatment regimen
based on blood CD27-positive B-cell dosage has
been adopted in NMOSD to tailor RTX redosing
with consistent results [3, 7]. Nevertheless, it
remains unclear how to determine the optimal
dose and frequency of RTX required for the best
response in individual patients, in particular
according to B-cell subtype monitoring [7].

METHODS

Study Design

This is a retrospective, uncontrolled, single-
center study including patients with NMOSD
and MOGAD treated with RTX from January
2008 to January 2022 at the Regional Reference
Centre for Multiple Sclerosis (C.RE.S.M.), San
Luigi University Hospital, Orbassano, Italy. The
aims of this study are to report a single-center
experience of RTX treatment in patients with
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NMOSD and MOGAD, and to evaluate the effect
of a personalized treatment approach based on
CD27-positive B-cell monitoring on efficacy,
infusion rates, and safety.

Compliance with Ethics Guidelines

This study was notified and approved by the
local ethical committee (approval number
9583/2019), and patients signed written
informed consent before treatment monitoring,
and for collection and storage of blood samples
at CRESM Biobank (approval number
18390/2019). This study was conducted in
accordance with the Declaration of Helsinki.

Patients

Patients were included in the analysis if they
had: (1) a diagnosis of NMOSD based on 2015
diagnostic criteria, independently of autoanti-
body status (e.g., AQP4-1gG, or double-negative)
[1] or a diagnosis of MOGAD; and (2) if they had
reached at least 1 year of follow-up after CD27
monitoring start. AQP4-IgG and MOG-IgG
autoantibodies were all measured at San Luigi
University Hospital laboratory. Commercial
fixed cell-based immunofluorescent assay was
used for AQP4-IgG (Euroimmun), while home-
made live cell-based fluorescent cell-counter
assay (FACS) was used to detect MOG-IgG.
Patients have been described both as a whole
cohort and divided according to their different
disease phenotype (NMOSD and MOGAD).
Patients were all treated with RTX with two
1000-mg infusions 15days apart every
6 months for the first year as induction doses,
and subsequently with a maintenance dose of
1000 mg according to B-cell monitoring.
Patients were then followed-up monthly with
CD19-positive B-cell evaluation, and, starting
from January 2020, with CD27-positive B-cell
evaluation. Disease activity was assessed clini-
cally and radiologically by the treating neurol-
ogist as part of standard clinical care. A relapse
was defined as a new neurological disturbance
that increased the Expanded Disability Status
Scale (EDSS) score by at least half a point, or
when the worsening of 1 point in 2 functional

systems, or 2 points in 1 functional system,
occurred and lasted for at least 24 h in the
absence of fever or infection. If a new neuro-
logical change accompanied a corresponding
new magnetic resonance imaging lesion, it was
also considered to be relapse, regardless of dis-
ability change. Relapses were treated with high-
dose intravenous methylprednisolone, intra-
venous immunoglobulin and plasma exchange,
alone or in combination, depending on relapse
severity and response to methylprednisolone.
Patients were monitored for the whole study for
the occurrence of adverse events (AE) defined
according to Common Terminology Criteria for
Adverse Events. B-cell subtypes were assessed
using BD FACS Lyric™.

Treatment

The majority of patients were started on RTX
before the availability of BD FACS Lyric™, and
thus without B-cell subtype monitoring. In this
period, different treatment regimens were used,
mainly represented by fixed time-point main-
tenance infusions every 6 months. When B-cell
subtype monitoring became available, patients
were reinfused with a 1000-mg RTX mainte-
nance dose when the percentage of CD19-pos-
itive B-cells exceeded 0.1% of lymphocytes.
After CD27-positive B-cell monitoring imple-
mentation, patients were reinfused with
1000 mg RTX when CD27-positive B-cells
exceeded the following cutoff: 0.05% of lym-
phocytes for the first 2 years and subsequently
0.1% [8]. Median time between infusions was
then calculated.

Statistical Analysis

Normality of data was explored with the Kol-
mogorov-Smirnov test. Continuous variables
were reported as means and standard deviation
(SD) or medians and range, as appropriate.
Wilcoxon signed rank tests were used to assess
differences in median interval dose time before
and after CD27-positive B-cell monitoring. All
statistical analyses were performed using SPSS
27 (v.27; IBM).
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RESULTS

A total of 31 patients were screened, of whom
13 were excluded from the analysis due to dif-
ferent treatment regimens (n=7), incomplete
data (n=2), early treatment discontinuation
(n=1), and insufficient follow-up (n = 2). The
patient excluded for early treatment discontin-
uation was diagnosed as having monophasic
MOGAD. Thus, 19 patients with NMOSD and
MOGAD were retained for the analysis. Baseline
demographic and clinical characteristics of the
study population are shown in Table 1, which
describes the whole cohort (NMOSD and
MOGAD patients), Table 2 describes the
NMOSD patients and Table 3 the MOGAD
patients. For the whole cohort, mean age was
52.74 years (SD 17.60), 84.20% were female,
median EDSS at last clinical evaluation was 2.5
(range 0-7.5), and median follow-up was
7.64 years (range 3.09-16.25). A total of 8
patients were immunosuppressant-naive and 13
received 1 or more immunosuppressants before
beginning RTX therapy. During RTX treatment,
one patient also received methotrexate for
concomitant undifferentiated connective tissue
disease. None of the other patients received
concomitant immunosuppressive medications.
Data describing treatment regimens before
B-cell monitoring implementation are displayed
in Table 4: 13/19 patients (68.4%) were already
under treatment with RTX with a median
interdose time of 3.23 months (0.47-24.3); the
wide interval is due to a single patient who
initially refused re-treatment and did not expe-
rience any relapses during the off-treatment
period. The annualized relapse rate (ARR) 1 year
before RTX start was 2.37 (SD 1.34) and, as
expected, decreased to 0.08 (SD 0.11) in the
subsequent years after RTX initiation. Table 5
displays data regarding B-cell monitoring treat-
ment regimens: the ARR and EDSS were similar
during CD19- and CD27-positive B-cell moni-
toring [ ARR: 0.02 (SD 0.11) vs. 0.03 (SD 0.13)
n.s.; EDSS: 2.5 (1-7.5), 2.5 (1-7.5), n.s.]. We
observed only two relapses in two different
patients in the year before and after CD27-pos-
itive B-cell monitoring: one patient had MOG-
IgG antibodies, presented with retrobulbar optic

Table 1 Demographic and clinical characteristics of the
whole cohort of patients

Patients, 7 19
AQP4-IgG, 7 (%) 12 (63.16)
MOG-IgG, 7 (%) 3 (15.79)
Double-negative, 7 (%) 4 (21.05)

Age, years (SD)
Female, 7 (%)

52.74 (17.60)
16 (84.20%)

Disease duration, years (SD) 12.13 (5.84)
EDSS pre-RTX start, (range) 2.0 (0-7.5)
EDSS after RTX start (range) 2.5 (0-7.5)
ARR 1 year before RTX start (SD) 2.37 (1.34)
ARR after RTX start (SD) 0.08 (0.11)
Relapse free time, years (SD) 7.92 (4.35)
Previous treatments, 7 (range) 1 (0-4)
Previous immunosuppressive treatment 11 (57.89)
history, 7 (%)
Naive 8
Azathioprine 7
Prednisone 3
Interferon beta-1a 3
Methotrexate 2
Mychophenolate mofetil 2
Cyclophosphamide 1
Mitoxantrone 1

Follow-up time from RTX start, years ~ 7.64
(range) (3.09-16.25)

neuritis, and was treated with high-dose intra-
venous methylprednisolone with excellent
clinical response; the other patient had double-
negative NMOSD and presented with a truncal
relapse which was treated with high-dose
intravenous methylprednisolone and plasma
exchange with incomplete clinical response, for
both patients, CD19- and CD27-positive B-cells
were below 0.01% at the time of the relapse.
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Table 2 Demographic and clinical characteristics of

NMOSD patients

Table 3 Demographic and clinical characteristics of

MOG-IgG patients

Patients, 7 16
AQP4IEG, 7 (%) 12 (63.16)
Double-negative, 7 (%) 4 (21.05)

Age, years (SD) 55.63 (16.08)

Female, » (%) 13 (81.30)

Disease duration, years (SD) 13.42 (5.87)

EDSS pre-RTX start, (range) 2.0 (0-7.5)

EDSS after RTX start (range) 2.5 (0-7.5)

ARR 1 year before RTX start (SD) 244 (1.31)

ARR after RTX start (SD) 0.07 (0.10)

Relapse free time, years (SD) 8.66 (4.22)

Previous treatments, 7 (range) 1 (0-4)

Previous immunosuppressive treatment 9 (56.25)

history, 7 (%)
Naive 7
Azathioprine 5
Prednisone 2
Interferon beta-1a 2
Methotrexate 2
Mychophenolate mofetil 2
Cyclophosphamide 1
Mitoxantrone 1
Follow-up time from RTX start, years 8.21
(range) (3.09-16.25)

Age, disease duration, relapse free time, and ARR are
expressed as mean; previous treatments, EDSS, and follow-
up time are expressed as median

Median time between RTX infusions before
CD27-positive B-cell monitoring was
8.80 months (range 5.78-14.23) and increased
to 15.93 months (range 8.56-35.37) after CD27-
positive B-cell monitoring (Wilcoxon test
Z-3.82; p<0.001). We observed no AEs during
treatment.

MOG-IgG patients, 7 3
Age, years (SD) 39.56 (22.84)
Female, 7 (%) 3 (100)
Disease duration, years (SD) 7.50 (1.98)
EDSS pre-RTX start, (range) 1.0 (0-4)
EDSS after RTX start (range) 1.0 (0-4)
ARR 1 year before RTX start (SD) 2.00 (1.73)
ARR after RTX start (SD) 0.13 (0.13)
Relapse free time, years (SD) 3.97 (3.09)
Previous treatments, 7 (range) 0 (0-1)
Previous immunosuppressive treatment 1 (33.33)
history, 7 (%)
Naive 2
Azathioprine 1
Follow-up time from RTX start, years 5.17
(range) (3.67-7.43)

Age, disease duration, relapse free time, and ARR are
expressed as mean; previous treatments, EDSS, and follow-
up time are expressed as median

MOG-IgG myelin oligodendrocyte glycoprotein, EDSS
Expanded Disability Status Scale, ARR annualized relapse
rate, RTX Rituximab

DISCUSSION

Treatment with RTX in NMOSD and MOGAD
requires an individualized approach. No con-
sensus exists about the administration regimen
for induction and maintenance therapy, nor
about the most sensitive biological marker for
monitoring treatment efficacy [7]. In this work,
we have evaluated the effect on efficacy, infu-
sion rates, and safety of two reinfusion regimens
based on CD19- or CD27-positive B-cell moni-
toring in NMOSD and MOGAD. Among differ-
ent treatment induction regimens (100 mg/
week for 3 weeks, 375 mg/m? once, 500 mg/
week for 4 weeks, 375mg/m* weekly for
4 weeks, and 1000 mg twice with 2 weeks apart),
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Table 4 Characteristics of patient treatment regimens
before CD19 B-cell monitoring implementation

Table 5 Differences between CD19- and CD27-positive

B-cell monitoring in the whole cohort

Patients, 7 13
AQP4-IgG, 7 (%) 10 (76.9)
MOG-IgG, 7 (%) 1(7.7)
Double-negative, 7 (%) 2 (15.4)

ARR until CD19 B-cell monitoring (SD) 0.24 (0.35)

Follow-up time until CD19-B cell 4.1 (0.9-8.5)
monitoring, years (range)

Interdose time until CD19 B-cell 3.23
monitoring, months (range) (0.47-24.3)

Characteristics of patients’ treatment regimens before
CD19 B-cell monitoring implementation

ARR is expressed as mean and SDj follow-up time and
interdose time are expressed as median and range
AQP4-IgG Aquaporin-4 autoantibodies, MOG-IgG myelin
oligodendrocyte glycoprotein, ARR annualized relapse rate

we decided to start RTX treatment with two
1000-mg infusions 2 weeks apart, since it has
been shown to be more effective in achieving
rapid disease control [6, 9]. This is of utmost
importance, especially in NMOSD, since dis-
ability accrual is mainly due to severe relapses
with incomplete recovery [1]. The clinical
effectiveness of RTX in our study was confirmed
by the significant drop in ARR before and after
treatment start (2.37 vs. 0.08) and EDSS stabi-
lization [7, 8].

When we applied re-treatment criteria based
on B-cell monitoring (CD19-positive B-cell vs.
C27-positive B-cell), we found that CD27-posi-
tive B-cell monitoring was safe and effective
with less frequent RTX reinfusion than CD19-
positive B-cell monitoring (median infusion
interval 15.93 vs. 8.80 months, p <0.001) and
similar ARR and EDSS with only two relapses in
the year before and after CD27-positive B-cell
monitoring. This was unexpected, since CD19-
positive B-cell monitoring sensitivity has been
reported to be inferior compared to CD27-pos-
itive B cell monitoring [3]. However, patients of
our cohort were relatively stable, while previ-
ously treated patients non-responding to RTX
were already switched to other

CD19 CD 27 p value
monitoring monitoring
Follow-up time, 353 1.41 < 0.001
years (range) (1.21-5.85) (1.21-1.62)
Interdose time, 8.80 15.93 < 0.001
months (range) (5.78-14.23) (8.56-35.37)
Relapse, 7 1 1 ns.

ARR during B-cell  0.02 (0.11) 0.03 (0.13) ns.

monitoring

(SD)
EDSS (range) 2.5 (1-7.5) 2.5 (1-7.5) n.s.
AEs, n 0 0 n.s.

Follow-up time, interdose time, and EDSS are expressed as
median and range; ARR is expressed as mean and SD
ARR annualized relapse rate, EDSS Expanded Disability Status

Scale, AEs severe adverse events, z.s. not significant

immunosuppressive drugs (such as Tocilizu-
mab); for this reason, they were not included in
the analysis, thus possibly overestimating
CD19-positive B-cell monitoring sensitivity.
Another issue (the evaluation of which was
beyond the aim of this paper) is represented by
RTX resistance mechanisms in NMOSD and
MOGAD. For example, therapeutic activity of
RTX could decrease depending on the persis-
tence of long lived CD19-positive B-cell clusters
not efficiently depleted by RTX [10]. Moreover,
the fragment ¢ gamma receptor 3A gene
(FCGR3A) polymorphisms could result in a low-
antibody affinity of natural killer cells and
decreased RTX-coated B cells elimination by
antibody-dependent cell cytotoxicity [3]; data
about FCGR3A polymorphisms were not avail-
able in our cohort. On the other hand, our
results about longer interdose times are in line
with the conclusions drawn from other works
[3, 6, 11], which hypothesize an immunological
shift from CD27-positive B-cells to naive B-cells
that occurs with repeated cycles of RTX. This
shift towards naive B-cells in the reconstituted
B-cell population is associated with sustained
clinical remission, and thus requiring less
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frequent re-treatments [8], despite significant
reconstitution of CD19-positive B-cells [12].
This suggest that the degree of CD27-positive
B-cell depletion, as opposed to CD19-positive
B-cells, is a more robust biomarker of RTX
response, and that the outcome of RTX therapy
depends on the balance between protective and
pathogenic B-cell populations, rather than
depletion of total absolute number of B-cells
[12]. For chronic diseases such as NMOSD, long
exposure to immunosuppressant drugs may
lead to an increased AE rate, especially infec-
tious ones. During our study we detected no
AEs. This is in line with the well-established
RTX safety profile in NMOSD and other
autoimmune diseases [7, 13]. Usually, the most
commonly reported AE are infusion reactions
[7, 13], which were not evaluated or included in
our study. Even if it is not demonstrated by our
data, it might be that a lower number of infu-
sions and cumulative doses of RTX results in a
lower induction of AEs in the long term, in
particular infectious diseases, and in reducing
the number of patients developing iatrogenic
hypogammaglobulinemia [14].

Limitations

Our study is not without limitations. First there
is the nature of the retrospective analysis and,
due to the rarity of the disease, only a small
number of MOGAD patients were included.
Second, data about the mechanisms of RTX
resistance influencing treatment response (such
as FCGR3A polymorphism) were not available
for our patients. Third, some patients were
previously treated with different treatment reg-
imens, due to the absence of standardized
guidelines and treatment schedule, or due to
specific comorbidities (e.g., one patient was
previously treated for non-Hodgkin lymphoma
with shorter intervals between infusions). Ana-
lyzing data regarding the period before B-cell
monitoring treatment regimens, we found that
the median interdose time was 3.23 months
(0.47-24.3) and was close to a fixed time-point
infusion every 6 months; moreover, not all
patients were previously treated with RTX
without a B-cell monitoring strategy (13/16

patients). In order to avoid any biases, all the
patients were included in the analysis, and time
between infusion was calculated only when
their treatment regimen complied with the
infusion regimens described in “Methods”.

CONCLUSIONS

Our findings suggest that, in our cohort, the
CD27-positive B-cell-based RTX reinfusion reg-
imen was able to reduce the number of RTX
reinfusions relative to CD19-positive B-cell
monitoring, with comparable efficacy and
safety profile. In order to achieve an even more
individualized and effective treatment, the
FCGR3A genetic polymorphisms could be eval-
uated when assessing RTX efficacy.
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