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A B S T R A C T

The aim of this study was to observe the treatment effect and investigate the possible mechanism of reduced
dosage (600mg) rituximab treatment on anti-N-methyl-D-aspartate receptor (anti-NMDAR) encephalitis. The
median modified Rankin Scale of ten enrolled patients decreased from 4 (range 2–4) before rituximab infusion to
0 (range 0–2) after a mean follow-up time of 24.3 ± 8.7months. One patient relapsed 9months after treatment.
No severe adverse event was observed. The proportion of total B cells in lymphocytes was depleted from
13.4 ± 6.7% to 0.6 ± 0.8% one day after treatment. B cells started to regeneration at 3months and reached
9.4 ± 3.7% at 12months after treatment. At this time point, proportion of regulatory B cells (Breg) in recon-
stituted B cells was significantly higher than that before treatment (15.3 ± 12.1% vs. 0.5 ± 0.6%, p= 0.006),
while proportion of memory B cells (Bmem) was significantly lower than baseline level (8.0 ± 4.5% vs.
30.2 ± 12.6%, p < 0.001). Our results supported that reduced dosage rituximab was effective and safe in
treating anti-NMDAR encephalitis. B cell depletion and rebalance of Breg and Bmem might be involved in the
treatment mechanism of this therapy.

1. Introduction

Autoimmune encephalitis is a newly recognized autoimmune dis-
ease of the central nervous system (Graus et al., 2016). Anti-N-methyl-
D-aspartate receptor (anti-NMDAR) encephalitis is the most common
type of autoimmune encephalitis (Titulaer et al., 2013). This disease is
characterized by autoantibodies against NMDAR (Dalmau et al., 2008).
Patients with anti-NMDAR encephalitis usually present with psychiatric
symptoms, seizures, cognitive disorders, movement disorder, decreased
consciousness and even life-threatening symptoms such as autonomic
dysfunction and central hypoventilation (Graus et al., 2016; Titulaer
et al., 2013). Currently, first-line immunotherapies for anti-NMDAR
encephalitis are steroids, intravenous immunoglobulin and plasma ex-
change; second-line immunotherapies include rituximab, cyclopho-
sphamide and others (Graus et al., 2016; Titulaer et al., 2013). These
immunotherapies were effective in most cases (Titulaer et al., 2013).
However, two problems regarding the treatment of this disease exist:
treatment failure of first-line immunotherapies and relapse. Previous

study reported 47% patients had poor response to first-line treatment
and 25% patients needed second-line treatment (Titulaer et al., 2013).
Relapse rate of anti-NMDAR encephalitis was about 12%, and patients
without tumor were more likely to relapse (Titulaer et al., 2013).

A series of studies have demonstrated that autoantibodies against
NMDAR were pathogenic (Hughes et al., 2010; Planaguma et al., 2015;
Kreye et al., 2016). Pathological studies showed patients' brain par-
enchyma had B cell infiltration (Martinez-Hernandez et al., 2011). B
cell-related cytokines and chemokines were also increased in patients'
cerebrospinal fluid (CSF) (Leypoldt et al., 2015; Deng et al., 2017). All
the above mentioned evidence supported that B cells played important
roles in the pathogenesis of this disease. Thus, B cell depletion therapy
was proposed as a rationale strategy to treat this disorder (Graus et al.,
2016).

Rituximab is a mouse and human chimeric anti-CD20 monoclonal
antibody that could specifically deplete CD20+ B cells. Recently, sev-
eral studies explored treatment effect of rituximab on anti-NMDAR
encephalitis (Titulaer et al., 2013; Dale et al., 2014; Lee et al., 2016;
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Wang et al., 2017). However, dosage of rituximab adopted in those
studies were varied. Most studies referred to the dosage used in large B
cell lymphoma (Gastaldi et al., 2016). This high dosage could cause
some adverse events (AEs), such as infection and lymphopenia (Titulaer
et al., 2013; Dale et al., 2014; Lee et al., 2016). We asked whether
reduced dosage rituximab was safe and efficient in treating this dis-
order. If so, what was the possible mechanism of treatment?

The aim of this study was to observe efficacy and safety of reduced
dosage rituximab on anti-NMDAR encephalitis and to investigate the
change of patients' peripheral B cell subsets before and after treatment,
thus providing possible treatment mechanism of reduced dosage ri-
tuximab in this disorder.

2. Methods

2.1. Patients

Ten patients with anti-NMDAR encephalitis who were admitted to
Huashan Hospital, Fudan University during January 2015 to December
2016 were included in this retrospective study. Anti-NMDAR auto-
antibodies in serum and CSF from patients were tested with commer-
cially available cell-based assay kit (Euroimmun, Lubeck, Germany). All
these patients meet current diagnostic criteria of anti-NMDAR en-
cephalitis (Graus et al., 2016). Demographic, clinical and laboratory
examination data of these patients were collected. Ten age-matched
healthy subjects were taken as controls. This study was approved by the
Institutional Review Board of Huashan Hospital, Fudan University. All
the enrolled participants or their surrogates signed informed consent
prior to enrollment in the study.

2.2. Rituximab treatment

All patients had received at least one cycle of first-line im-
munotherapy before rituximab treatment. One cycle of immunotherapy
was defined as a 5 day-course of 500–1000mg i.v. methylprednisolone,
or 2 g/kg intravenous immunoglobulin, or 4 or more sessions of plasma
exchange according to previous research (Lee et al., 2016). Patients
who received rituximab treatment should meet at least one of the fol-
lowing conditions: first-line treatment failure or relapse. According to
previous study (Titulaer et al., 2013), initial first-line treatment failure
was defined as no sustained improvement within 4 weeks after initia-
tion of immunotherapy or tumor removal, and if the modified Rankin
Scale (mRS) sustained higher than 3. Relapse was defined as new onset
or worsening of encephalitis symptoms occurring after at least 2 months
of improvement or stabilization (Titulaer et al., 2013).

Before rituximab treatment, all patients underwent latent infection
screen. Two doses of rituximab (100mg and 500mg) were given in 2
consecutive days. This reduced dosage was based on the experience in
treating neuromyelitis optica spectrum disorders in our institute (Quan
et al., 2015). Dexamethasone and promethazine were used before ri-
tuximab to ameliorate infusion-related AEs. Repeated treatment with
500mg rituximab was given when patient experienced relapse or serum
autoantibody became positive again or titer increased.

2.3. Patients' follow-up, safety and outcome evaluation

All patients' mRS at initiation of rituximab treatment and the worst
status were recorded. Patients were followed at regular intervals within
one year after rituximab treatment (one day, 3months, 6 months and
12months). We evaluated patients' symptoms and mRS at each follow-
up time point. Peripheral blood flow cytometry and serum autoanti-
body detection were assessed at the same time. After one year, patients'
clinical status were recorded by telephone interview. Favorable out-
come was defined as mRS≤ 2 at last follow-up according to previous
study (Titulaer et al., 2013). We used the Common Terminology Cri-
teria for Adverse Events (CTCAE) Version 4.03 (National Institutes of

Health, 2010. Accessed 1 January 2015) to record AEs.

2.4. Flow cytometry study

Peripheral blood samples from patients were obtained before ri-
tuximab treatment (baseline), and one day, 3months, 6 months and
12months after treatment. Blood from ten healthy individuals served as
control. Expression of the B cell surface markers were detected by flow
cytometry. Briefly, fresh blood samples were mixed and incubated with
the following monoclonal antibodies: anti-CD19 (Molecular Probes,
Frederick, MD, USA) and anti-CD27, anti-CD24, anti-CD38, anti-CD45
(all from Biolegend, San Diego, CA, USA) for 20min. After erythrocytes
were lysed, samples were centrifuged at 100g for 10min. The super-
natant was removed and cells were resuspended in 300 μl PBS. Then,
samples were analyzed using Cytoflex (Beckman Coulter, Suzhou,
China) or Epics XL (Beckman Coulter, Miami, FL, USA). Data were
analyzed with Flowjo version 10 (ThreeStar, San Carlos, CA, USA). SSA,
SSC and CD45 were used to discriminate lymphocytes. Proportion of
CD19+ B cells in lymphocytes, CD19+CD27+ memory B cells (Bmem)
and CD19+CD24highCD38high regulatory B cells (Breg) in lymphocytes
and total B cells were calculated. Proper isotypes were used as controls.

2.5. Statistical analysis

Data were presented as the mean ± SD for normal distribution data
and median (ranges) for non-normal distribution data. Statistical ana-
lysis was performed with SPSS version 21 (IBM, Chicago, IL, USA) and
GraphPad Prism version 6 (GraphPad Software, San Diego, CA, USA).
Comparisons of normal distribution data were performed using
Student's t-test or Student's paired t-test. The Wilcoxon test was used to
compare non-normal distribution data. P < 0.05 was considered as
statistically significant different.

3. Results

3.1. Patient characteristics

A total of ten patients (7 males, 3 females) were included in this
study. The mean age was 24.3 ± 8.7 years. No patient had a tumor.
The median mRS was 5 (range 4–5) at the worst disease status. Seven
patients needed intensive care unit admission. Patients had received 3.5
(range 2–7) cycles of first-line immunotherapies before rituximab
treatment. The mean interval from onset to first-line immunotherapy
was 17.9 ± 12.4 days. Five patients received rituximab after first-line
treatment failure. The other 5 patients received rituximab because of
relapse, and their median relapse time was 1 (range 1–3). Patients'
demographic, clinical and paraclinical profiles were summarized in
Table 1.

3.2. Treatment efficacy

The mean disease duration at infusion of rituximab was
59.6 ± 31.5 days. Patients' median mRS was 4 (range 2–4) at the time
of rituximab infusion. The mean follow-up time after rituximab treat-
ment was 24.3 ± 8.7months. No patient receive other second-line
immunotherapies before and after rituximab treatment. Overall, all
patients had good outcome, the median mRS at last follow-up was 0
(range 0–2). Eight patients achieved complete recovery (mRS=0).
Patients' mRS at different disease status were shown in Fig. 1. Eight
patients only received one cycle of rituximab. One patient received the
second cycle of rituximab because of relapse at 9months. Interestingly,
her serum autoantibody also became positive when she experienced
relapse. After an additional rituximab infusion, her serum autoantibody
became negative one year later, and symptoms improved gradually but
still had memory impairment at the last follow-up time (mRS=2).
Another one patient's serum autoantibody became positive without
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relapse at 12months and received an additional rituximab treatment.
She had no relapse and serum autoantibody became negative since the
second time of rituximab infusion.

3.3. Treatment safety

No severe AE was observed during the infusion and the subsequent
follow-up time. Only one patient had mild infusion reaction (symptoms
of sweating and sneezing) during the first day of rituximab infusion
(Class I), which remitted spontaneously after a slower infusion rate
(Table 1).

3.4. Change of B cell subsets in patients with anti-NMDAR encephalitis

We compared subsets of B cell between patients with anti-NMDAR
encephalitis and healthy subjects. The result showed that both pro-
portion of Breg in lymphocytes and total B cells were greatly reduced in
patients compared to controls (0.1 ± 0.1% vs. 0.8 ± 0.5%, p= 0.001;
0.5 ± 0.6% vs. 7.1 ± 3.4%, p < 0.001; Fig. 2). Proportion of Bmem
in lymphocytes and total B cells were higher in patients compared to
controls, but did not reach statistical difference (data not shown).

3.5. Change of B cell subsets after reduced dosage rituximab treatment

The proportion of total B cells in lymphocytes decreased sharply
from 13.4 ± 6.7% to 0.6 ± 0.8% one day after rituximab infusion
(p < 0.001). This number reached to the lowest level at 3months after
treatment, which was 0.1 ± 0.1%. Thereafter, B cells started to re-
constitute. The mean proportion of total B cells in lymphocytes was
3.4 ± 3.0% at 6months. This number reached to 9.4 ± 3.7% after
12months in patients without relapse, which did not showed significant
difference with baseline level (p= 0.243). Proportion of B cells before
and after rituximab treatment were shown in Fig. 3. Here, we described
the period within 3months after treatment as “depletion stage”, while
the period after 3months as “reconstitution stage”.

In reconstitution stage, patients' proportion of Breg in total B cells
increased to 29.8 ± 18.5% at 6months, which was significantly higher
than its level before treatment (p= 0.001; Fig. 4). In contrast, pro-
portion of Bmem in the reconstituted B cells reduced to 14.0 ± 18.9%,
which was significantly lower than baseline level (p= 0.017; Fig. 4).
One year after treatment, mean proportion of Breg was higher than
baseline level (15.3 ± 12.1% vs. 0.5 ± 0.6%, p= 0.006; Fig. 4). The
percentage of Bmem was still lower than baseline level (8.0 ± 4.5% vs.Ta
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Fig. 1. Patients' mRS at the worst disease status, rituximab infusion and the last
follow-up time.
The mRS score of 0–2 was regarded as good outcome. The dotted line re-
presented the change of patient number whose mRS score was 0–2 at these
three time points.mRS: modified Rankin Scale, RTX: rituximab.
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30.2 ± 12.6%, p < 0.001; Fig. 4).

4. Discussion

In this study, we observed that reduced dosage rituximab was safe
and effective in treating patients with anti-NMDAR encephalitis who
had poor response to first-line immunotherapies or experienced relapse.

In addition, we investigated the possible treatment mechanism of this
dosage regimen. Our results demonstrated that reduced dosage ritux-
imab could sustain B cells at low level within 3months after infusion.
Thereafter, Breg had a fast reconstitution, while proportion of Bmem
was reduced in regenerated B cells.

Recently, several studies have observed the treatment effect of ri-
tuximab in patients with anti-NMDAR encephalitis (Dale et al., 2014;

Fig. 2. Regulatory B cells in patients with anti-NMDAR encephalitis and healthy subjects. Representative data of patients' and controls' total B cells (denoted in
rectangular gate) and regulatory B cells (denoted in polygon gate) were shown in A, C and B, D respectively. Patients' mean proportions of regulatory B cell subsets in
lymphocytes and total B cells were both significantly reduced than that of controls (E and F).Breg: regulatory B cells.
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Lee et al., 2016; Wang et al., 2017). One study found that 32 in 39
pediatric patients had treatment benefit from rituximab (Dale et al.,
2014). The other two studies, which included 27 and 10 patients re-
spectively, found that rituximab was effective in patients with poor
response to first-line immunotherapy (Lee et al., 2016; Wang et al.,

2017). In our study, patients who had poor response to early first-line
immunotherapies or experienced relapse were included, indicating that
those patients had less possibility of spontaneous remission. The result
showed all 10 patients had improved neurological status and 9 had no
relapse after rituximab treatment. Therefore, our results and previous
studies supported rituximab was effect in treating anti-NMDAR en-
cephalitis.

The main drawback of rituximab is humoral immune suppression
and the subsequent risk of infection (Damato et al., 2016). It should be
noted that many anti-NMDAR encephalitis patients needed admission
of intensive care unit and had already received immunosuppressive
therapies. The probability of infection increased when rituximab was
added. The protocol of 375mg/m2 weekly for 4 weeks was widely used
in previous studies. However, infection AEs were the main concerned
problem of this large dosage regimen (Jacob et al., 2008; Dale et al.,
2014; Gastaldi et al., 2016). We used reduced dosage rituximab to re-
duce the risk of AEs, which was the most important difference between
our study and previous studies. Indeed, no long term infection AEs was
observed in our study. Meanwhile, reduced dosage means less medical
expense. Therefore, we proposed this dosage regimen could be adopted
in Chinese patients.

How to monitor the treatment effects of rituximab and when
treatment should be repeated are controversial. Some studies used
proportion of total B cells over 1% or Bmem over 0.5% in lymphocytes
as indication of repeated infusion (Kim et al., 2013; Wang et al., 2017).
Regular rituximab infusion every 6months regardless of B cells

Fig. 3. Proportion of total B cells in lymphocytes before and after reduced
dosage rituximab treatment. Rituximab rapidly depleted B cells one day after
treatment and this effect could sustain 3months (depletion stage). Thereafter, B
cells gradually regenerated (reconstitution stage).d: day, M: month.

Fig. 4. Reconstitution of B cell subsets after reduced dosage rituximab treatment. In 6 and 12months post treatment, the regenerated B cells had increased proportion
of regulatory B cells (A, C) while decreased proportion of memory B cells (B, D).Breg: regulatory B cells, Bmem: memory B cells.
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regeneration was also suggested (Radaelli et al., 2016). However, we
found proportion of total B cells over 1% or Bmem over 0.5% in lym-
phocytes was an over strict indication of additional rituximab treatment
in anti-NMDAR encephalitis. In fact, most patients in our study could
maintain free of relapse even over one year of follow-up. Therefore,
monitor of B cells regeneration might be helpful, but a more appro-
priate threshold of proportion of B cells which indicate additional
treatment still need further studies.

Breg was a subset of B cells which had negative immune modulation
effect by multiple pathways (Mauri and Blair, 2010), while Bmem was a
well-known marker of inflammation (Kim et al., 2013). We found pa-
tients with anti-NMDAR encephalitis contained low proportion of Breg,
indicating that the immune modulation of Breg was impaired in this
disease. In addition, we discovered that low dosage rituximab had two
kinds of effect on B cell population. Firstly, rituximab nearly eliminated
all B cells and this effect remained as long as 3months after infusion,
which was the direct treatment effect. Secondly, in B cells reconstitu-
tion stage, Breg had a faster reconstitution than Bmem, which result in
reestablishment of balance between Breg and Bmem. This effect might
participate in the long term treatment efficacy. In summary, reduced
dosage rituximab treatment not only ameliorated this disease by B cell
depletion, but also had immunomodulation effect by induction of Breg.
This mechanism was different from standard dosage treatment, whose
primary goal was elimination of B cells.

We have to acknowledge the following limitations of this study.
Firstly, we did not compared the treatment effect of first-line treatment
add on rituximab with only first-line treatment. Therefore, residual
benefits from first-line treatment or spontaneous recovery could not be
completely ruled out. Secondly, the patient number was small and
follow-up time was relatively short. Thirdly, we only investigated re-
generation of two groups of B cells. Whether other B cell subsets par-
ticipate in treatment effect and relapse in this disease deserve further
studies.

Despite the above mentioned limitations, considering the rarity and
lack of standard second-line treatment protocol for anti-NMDAR en-
cephalitis, our study provided primary data about treatment effect and
possible mechanism of reduced dosage rituximab in this disease. Most
importantly, this dosage regimen showed good tolerability in patients.
Our results encouraged further researches on long-term efficacy, safety
and treatment mechanism of this therapy.
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