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Relapses in Anti-NMDAR Encephalitis

Clinical Characterization and Predictive Features
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Abstract

Background and Objectives

During the recovery phase of anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis, up to
25% of relapses have been reported. Herein, we aimed to clinically characterize these relapses,
analyze potential clinical predictors during the first episode, and evaluate the impact of immu-
notherapy in their occurrence.

Methods

This was a retrospective observational study of patients diagnosed with anti-NMDAR encephalitis
relapses between January 2007 and June 2022 at the French Reference Center for Paraneoplastic
Neurological Syndromes and Autoimmune Encephalitis with a follow-up longer than 1 year.

Results

Among 507 patients, 49 (9%) presented relapses after a median time of 720 days (range 149-8,280)
and a median follow-up of 1752 days (range 390-9,229 days, interquartile range 1760 days). A total
of 36 patients (73%) experienced 1 relapse, 9 (18%) had 2, and 4 (8%) had 3 relapses. Most patients
presented an isolated core symptom (25/45, 55%). Relapses were less severe than the first episode,
as reflected by a lower maximal modified Rankin Scale (median S, range 3-S5, vs median 3, range
0-6; p = 0.0001). At the first episode, patients experiencing relapses had shorter intensive care unit
stays (22 days; vs 39 days; p = 0.04). In addition, presenting CSF pleocytosis >20 white blood cell
decreased the risk of relapse by 71% (HR 0.29; CI 0.13-0.66; p = 0.003), and having a paraneo-
plastic etiology decreased the risk by 68% (HR 0.32; C1 0.12-0.87; p = 0.02). Moreover, during the
first episode, they were treated less frequently with first-line (39/49, 79%, vs 190/197, 96%; p =
0.0001) and second-line immunotherapies (20/49, 40%, vs 142/197, 72%; p = 0.0001) and more
frequently with delay >30 days (20/38, 52%, vs 58/18S, 31%; p = 0.01) and >60 days (10/20, S0%,
vs 39/138,28%; p = 0.04), respectively. In addition, administering rituximab during the first episode
with a delay <60 days decreased the risk of relapse by 60% (HR 0.40; CI 0.19-0.84; p = 0.01).

Discussion

Relapses of anti-NMDAR encephalitis are uncommon, mostly monosymptomatic, and less
severe than the first episode. At onset, presenting CSF pleocytosis or an underlying tumor
decreases the risk of relapses. In addition, the early administration of first-line and second-line
immunotherapies, particularly rituximab, could protect against further relapses.

"French Reference Center on Paraneoplastic Neurological Syndromes and Autoimmune Encephalitis, Hospices Civils de Lyon, Hopital Neurologique, Bron, France; 2MeLiS Institute -
UCBL-CNRS UMR 5284 - INSERM U1314, Université Claude Bernard Lyon 1, France; 3Instituto de Investigacion Biomédica de Méalaga y Plataforma en Nanomedicina-IBIMA Plataforma
BIONAND, Malaga, Spain; “Red Andaluza de Investigacion Clinica y Traslacional en Neurologia (NeuroRECA), Malaga, Spain; “Universidad de Malaga, Andalucia Tech, Facultad de
Medicina, Campus de Teatinos s/n, Malaga, Espafia; *Neurology Department, Hospital Universitario 12 de Octubre, Madrid, Spain; ’Clinical Neurology, Santa Maria Della Misericordia
University Hospital, Azienda Sanitaria Universitaria Friuli Centrale (ASUFC), Udine, Italy; 8Department of Medicine (DMED), University of Udine, Italy; >lmmunology Department, Hopital
Lyon Sud, Hospices Civils de Lyon, Pierre-Bénite, France; '°Pediatric Neurology Department, Necker-Enfants-Malades Hospital, Assistance Publique-Hopitaux de Paris, France;
HImagine Institute, INSERM, Paris-Cité University, France; 12Neurology Department 2-Mazarin, H6pitau>< Universitaires La Pitié Salpétriére-CharIes Foix, APHP, Paris, France; '>Brain
and Spinal Cord Institute, INSERM U1127/CNRS UMR 7255, Université Pierre-et-Marie-Curie, Universités Sorbonnes, Paris, France; "*Department of Cellular Biology, Genetics and
Physiology, Faculty of Sciences, University of Malaga, Spain; '°Regional Universitary Hospital of Malaga, Spain; and '®Department of Medicine and Dermatology, University of Malaga,
Spain.

The Article Processing Charge was funded by Université Claude Bernard Lyon 1.

This is an open access article distributed under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to
download and share the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the journal.

Copyright © 2025 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology.
€200421(1)


http://dx.doi.org/10.1212/NXI.0000000000200421
mailto:jerome.honnorat@chu-lyon.f
http://creativecommons.org/licenses/by-nc-nd/4.0/

Downloaded from https://www.neurology.org by 79.30.236.125 on 29 July 2025

Glossary

HS = hyperintensity; ICU = intensive care unit; IQR = interquartile range; mRS = modified Rankin Scale; NMDAR =
N-methyl-D-aspartate receptor; NMO = neuromyelitis optica; WBC = white blood cell.

Introduction

Anti-N-methyl-p-aspartate receptor (NMDAR) encephalitis
is an autoimmune neurologic disorder clinically character-
ized by psychiatric symptoms, speech dysfunction, seizures,
memory impairment, and movement disorders, which are
frequently followed by dysautonomia and decreased level
of consciousness.””> The early administration of immuno-
therapy and the surgical removal of an ovarian teratoma, if
present, are considered essential to achieve good long-term
outcomes.’

Notably, up to 25% of patients may experience clinical wors-
ening during the recovery phase of the disease, even years
after the onset.*> Modest cohorts of patients with relapses
have shown that they may either manifest as the full-blown
clinical picture or present with only few of the core symp-
toms; the latter may actually delay the recognition of relap-
ses.® Moreover, the mechanisms driving relapses are stil
poorly understood, although they seem to occur more often
in patients who have not been treated with immunotherapy
during the first episode of the disease.>” Thus, a better un-
derstanding of the underlying mechanisms and the identifi-
cation of biomarkers able to predict relapse occurrence could
facilitate an early diagnosis and even the implementation of
preventive strategies.

Herein, we aimed to clinically characterize relapses in patients
with anti-NMDAR encephalitis diagnosed at the French
Reference Center for Paraneoplastic Neurological Syndromes
and Autoimmune Encephalitis, as well as assess potential
predictive clinical features and the effect of different treatment
strategies on the risk of developing relapses.

Methods

Study Design, Patient Selection, and

Clinical Data

Medical charts from all patients diagnosed with anti- NMDAR
encephalitis at the French Reference Center for Paraneo-
plastic Neurological Syndromes and Autoimmune Encepha-
litis from January 2007 to January 2022 were retrospectively
reviewed. Then, only patients fulfilling all following inclusion
criteria were included in this study: (1) full clinical chart
available, (2) follow-up longer than 1 year, (3) CSF samples
tested in the French Reference Center, and (4) occurrence of
at least 1 relapse (Figure 1). Relapses were defined as (1) new
onset of any of the major clinical features that form the di-
agnostic criteria of anti-NMDAR encephalitis after at least
4 months of improvement/stabilization or a worsening of
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symptoms previously observed during the first episode that
(2) caused a decline in modified Rankin Scale (mRS) >1 or
was accompanied by CSF inflammation or CSF NMDAR-
Ab.>%®7 To assess the clinical features during the onset of
the disease that may predict further relapses, we compared
the study cohort with a control cohort of patients with anti-
NMDAR encephalitis from the French Reference Center
who fulfilled the first 3 inclusion criteria but did not expe-
rience relapses.

Demographic data were retrospectively collected from the
medical charts and included age and sex. In addition, the fol-
lowing clinical features from the first episode and the relapses
were retrieved: first clinical symptom, subsequent clinical
symptoms, disability at onset and recovery phase assessed
by the mRS, CSF analysis (white blood cell [WBC] and
protein content), EEG (normal, epileptic activity, or diffuse
slowing), MRI (normal, white matter lesions, medial tem-
poral hypersignal, or other pattern), associated tumor
if present, intensive care unit (ICU) admission, total days
in ICU, first-line immunotherapies (corticosteroids [CC],
IV immunoglobulin, and plasma exchange), second-line
immunotherapies (rituximab and cyclophosphamide), and
third-line immunotherapies (azathioprine, mycophenolate
mofetil, methotrexate, tocilizumab, and bortezomib). The
CSF was considered abnormal when WBC >5/yL, oligo-
clonal bands were present, or protein content >0.45 g/L.
Good outcome was defined as an mRS <3. The mRS was
retrospectively extracted from clinical charts of the French
Reference Center in an heterogenous manner: while some
patients, particularly those diagnosed in the past decade,
had their mRS consistently documented throughout the
follow-up period; for others, the mRS was inferred from
clinical information.

The identification of CSF NMDAR antibodies was performed
as previously described."” First, indirect immunofluorescence
on rat brain sections was used as a screening technique, and
compatible staining further confirmed by a cell-based assay
using HEK293 cells expressing the GluN1 and GluN2b sub-
units of the NMDAR. Only samples positive by both tech-
niques were considered as NMDAR antibody positive.

Statistical Analysis

Continuous variables are described by median, range, and
interquartile range (IQR), whereas qualitative variables are
reported as absolute and relative frequencies for each category
of the variable (missing data not included). Statistical com-
parisons between the first episode and the relapses, as well as
the relapsing and control cohorts, were performed using the
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Figure 1 Flowchart Representing Cohort of Patients Diagnosed at French Reference Center, Inclusion Criteria, and Rea-

soning for Selecting Study and Control Cohorts

French Reference Center
(N =507)

Patients with anti-NMDAR encephalitis diagnosed at the

Inclusion criteria:

* Full clinical chart available

* Follow-up >1 year

« All patients were tested in the French Reference Center

Excluded (n =261):
» « <1 year follow-up (176)
* Incomplete clinical data (85)

)

Patients included
(n = 246)

A

Relapses were defined as:

1) New onset of any of the major clinical features that form the diagnostic criteria of
anti-NMDAR encephalitis after at least 4 months of improvement/stabilization,
or a worsening of symptoms previously observed during the first episode

2) Caused a decline in mRS 21, or was accompanied by CSF inflammation/CSF NMDAR-Ab

N

Study cohort Control cohort
with relapses without relapses
(n=49) (n=197)

Wilcoxon-Mann-Whitney test for continuous variables and
the x* test or the Fischer exact test for qualitative variables.
Relapse-free survival was estimated using the Kaplan-Meier
method and Kaplan-Meier curves. Relapse-free survival curves
were compared using the log-rank test. Then, a Cox re-
gression analysis for survival was performed to evaluate each
treatment line as predictors of further relapses. The assump-
tion of hazard proportionality was tested and satisfied. In all
analyses, a bilateral type I error rate of 5% was applied without
correction for multiple testing. Patients with missing data
were excluded from each analysis. All statistical analyses were
performed using R software, version 4.1.1 (Free Software
Foundation).

Standard Protocol Approvals, Registrations,
and Patient Consents

This study entitled Bio-NMDAr was approved by the in-
stitutional review board of the Université Claude Bernard Lyon
1 and Hospices Civils of Lyon (69HCL21-750), as well as the
national data protection commission (Commission Nationale
de IU'Informatique et des Libertés, Commission Nationale de
I'Informatique et des Libertés, 21-57750). Written informed
consent was obtained from all patients for the storage and use
of laboratory samples and clinical information for research
purposes, and none of them explicitly opposed their partici-
pation in this study.

Data Availability
Anonymized data not published within this article will be
made available by request from any qualified investigator.
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Results

Main Clinical Features of Relapses

Forty-nine patients (41/49 women, 83%; median age
19 years, range 1-75 years, IQR 8 years) of 507 (9%) di-
agnosed with anti-NMDAR encephalitis during the study
period experienced at least one relapse (Figure 1). The me-
dian time from onset to the first relapse was 720 days (range
149-8,280 days, IQR 1,070 days), and the median follow-up
was 1752 days (range 390-9,229 days, IQR 1,760 days). Most
patients experienced only 1 relapse (36/49, 73%) while
9 (18%) had 2 relapses and 4 (8%) had 3. The most common
core symptom at relapse was seizures (27/45, 60%), including
2 patients who presented nonconvulsive status epilepticus.
Seizures were followed in frequency by psychiatric symptoms
(23/45, S1%) and cognitive impairment (13/4S, 28%),
whereas speech abnormalities (3/4S, 6%), dysautonomia (2/
45, 4%), and movement disorders (1/4S, 2%) were seldomly
observed. Most patients presented with 1 isolated core
symptom (25/45, 55%) while 15 of 45 (33%) experienced
2 symptoms and S of 45 (11%) experienced 3 (Table 1).
Furthermore, at the time of the relapse, 2 patients (4%)
exhibited not only the classic core symptoms of anti-NMDAR
encephalitis but also other symptoms that had led to the
diagnosis of an overlapping aquaporin-4 antibody—positive
neuromyelitis optica (NMO). During the relapse, 6 of 36
(16%) had new MRI findings compared with the first episode
such as white matter T2 hyperintensities (3/36, 8%), lep-
tomeningeal enhancement (1/36, 2%), frontal cortex T2
hyperintensity (HS) (1/36,2%), or limbic T2 HS (1/36,2%).
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Table 1 Clinical and Paraclinical Features at First Episode and at First Relapse of Patients With Relapses of Anti-NMDAR

Encephalitis

Total cohort (n = 49)

Clinical and paraclinical features First episode First relapse p Value
Core symptoms, n (%)
Psychiatric 48 (97) 23/45 (51) 0.001
Cognitive 46 (93) 13/45 (28) 0.001
Seizures 41(83) 27/45 (60) 0.01
Speech 35(71) 3/45 (6) 0.001
Movement disorders 34 (69) 1/45 (2) 0.001
Decreased level of consciousness 24 (48) 0(0) 0.001
Dysautonomia 19 (38) 2/45 (4) 0.001
Number of symptoms, n (%)
1 symptom 0(0) 25/45 (55) 0.001
2 symptoms 1(2) 15/45 (33) 0.001
3 symptoms 4 (8) 5/45 (11) >0.05
>3 symptoms 44 (89) 0(0) 0.001
CSF abnormalities, n (%) 37(75) 22/36 (61) >0.05
CSF NMDAR-ADb, n (%) 49 (100) 38/42 (90) 0.04
MRI abnormalities, n (%) 17 (34) 6/36 (16)° >0.05
Tumor presence, n (%) 5(10) 1) >0.05
Ovarian teratoma 4 (8) 0(0) >0.05
Other tumors 1(2) 1(2) >0.05
Max mRS, median (range, IQR) 5(3-5, 1) 3(0-6, 1) 0.0001

Abbreviations: IQR = interquartile range; mRS = modified Rankin score; NMDAR-Ab = N-methyl-p-aspartate receptor antibodies.

2 Including only new MRI abnormalities compared with the first episode.

CSF NMDAR antibodies were detected in 38 of 42 (90%)
patients during the relapse. In addition, CSF abnormalities
suggesting inflammation were detected in 22 of 36 (61%)
patients, and among those with normal CSF analyses, CSF
NMDAR antibodies were found in 10 of 14 (71%) patients.
Patients with isolated seizures (9/49; 18%) or without CSF
NMDAR antibodies (4/42, 10%) presented other clinical or
paraclinical features that supported the diagnosis of a relapse,
as defined in the inclusion criteria. These 4 patients without
CSF NMDAR antibodies initially presented a cluster of
seizures that lasted several days and responded well, but
transiently, to first-line immunotherapies; subsequently, after
months of stabilization, they experienced a second poly-
symptomatic relapse, 2 of them with CSF NMDAR anti-
bodies. During the relapse, only 1 patient was diagnosed with
an underlying malignancy, a recurrence of the endometrial
carcinoma with lymph node metastasis, also present at the
first episode; none of the patients who had surgically removed
an ovarian teratoma at the first episode presented a tumor at
relapse (4/49, 8%). Notably, 1 patient gave birth a few days
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before the relapse, and another patient stopped contraceptive
pills less than a month before. During the relapse, 12 of 38
(31%) had a maximal mRS >3, including 1 patient who died
due to severe dysautonomia.

Differences Between the First Episode

and Relapses

The clinical features of the first episode and those of the
relapses were then compared (Table 1). All core symptoms
were less frequent at relapse than during the first episode.
Furthermore, none of the relapses (0%) consisted of more than
3 symptoms, compared with 44 of 49 (89%) of the first epi-
sodes (p = 0.001). There was no significant difference in terms
of paraclinical features between the first episode and the
relapses, including MRI findings, concurrent tumor identifica-
tion, and CSF analyses, except for CSF NMDAR antibody
positivity, which was less frequently observed at relapse (38/42,
90% vs 49/49, 100%; p = 0.04). In addition, the maximal mRS
at the first episode was higher than at relapse (median S, range
3-5,IQR 1 vs median 3, range 0-6, IQR 1; p = 0.0001).
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Clinical Features at the First Episode
Associated With Further Relapses

Subsequently, the clinical features at onset of patients with
and without relapses were compared with the aim of identi-
fying those that may be associated with the occurrence of
future relapses (Table 2). Both groups were similar regarding
demographic, clinical, imaging, and electroencephalographic
features. Nevertheless, patients who experienced relapses had
less frequently a paraneoplastic origin of the first episode
(5/49,10%, vs 57/187,30%; p = 0.004), shorter admissions to
the ICU (22 days, range S-42, vs 39 days, range 18-75;
p =0.04),and less WBC per uL of CSF (9 cells/uL, range 4-40,
vs 24 cells/pL, range 9-62; p = 0.014). Furthermore, patients
experiencing relapses had a longer total follow-up period
(1,485 days, range 803-2,563, vs 824 days, range 546-1,403;
p = 0.002), likely attributable to their longer disease activity.

Impact of Immunotherapy During the First
Episode on the Occurrence of Relapses
Subsequently, the therapeutic regimens applied during the
first episode were compared between patients with and
without relapses to evaluate their potential impact on further
development of relapses (Table 2). All patients treated with
second-line therapies previously received first-line immuno-
therapies after a median time of 19 days among patients
without relapses (range 0-370) and 36 days in those with
relapses (range 6-196).

Initially, we analyzed first-line and second-line immuno-
therapies as groups to understand their global impact on
relapses. We observed that patients with relapses were treated
less frequently with first-line (39/49, 79%, vs 190/197, 96%;
p = 0.0001) and second-line (20/49, 40%, vs 142/197, 72%;
p = 0.0001) immunotherapies. A Kaplan-Meier survival
analysis also showed that patients treated with first-line and
second-line therapies had fewer relapses at long-term follow-up
than patients treated only with first line or patients who did not
receive immunotherapy at onset (p = 0.01; Figure 2A). Finally,
a Cox regression analysis showed that administering first-line
and second-line immunotherapies decreases the risk of relapse
by 66% (HR 0.34; CI 0.15-0.76; p = 0.009; Figure 2B). Fur-
thermore, patients experiencing relapses more often received
first-line immunotherapies with a delay >30 days from onset
(20/38, 52%, vs 58/18S, 31%; p = 0.01), as well as second-line
therapies with a delay >60 days (10/20, 50%, vs 39/138, 28%;
p = 0.04). Similarly, a Kaplan-Meier survival analysis only in-
cluding treated patients found that those who received first-line
therapies in the first 30 days of the disease experienced fewer
relapses than patients with a delay >30 days (p = 0.04;
Figure 3A). However, no differences were observed in
a Kaplan-Meier survival analysis comparing a delay of second-
line therapies >60 days, nor in a Cox regression analysis
comparing the impact of a delayed administration of first-line
and second-line immunotherapies (Figure 3B).

Next, we evaluated the individual impact of each second-line
immunotherapy on relapses. We observed that patients with
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relapses were less frequently treated with rituximab (19/49,
38%; vs 135/195, 68%; p = 0.0001). Then, a Kaplan-Meier
survival analysis also revealed a higher frequency of relapses
among patients who were not treated with rituximab (p =
0.04; Figure 4A), whereas a trend was observed toward
a higher frequency of relapses among patients that received
rituximab with a delay >60 days (p = 0.06; Figure 4B). By
contrast, no differences were observed related to cyclophos-
phamide administration among patients with or without
relapses (6/49, 12%; vs 47/197, 23%; p = 0.07).

Finally, we performed a multiple Cox regression analysis to
evaluate the impact of the aforementioned clinical and ther-
apeutic factors on relapse risk (Figure S). We observed that
presenting CSF pleocytosis of 5-20 WBC per pL during the
first episode decreased the risk of relapse by 69% (HR 0.31;
CI0.14-0.69; p = 0.005), whereas presenting CSF pleocytosis
of >20 WBC per pL decreased the risk by 71% (HR 0.29; CI
0.13-0.66; p = 0.003). In addition, presenting a paraneoplastic
anti-NMDAR encephalitis decreased the risk by 68% (HR
0.32; C10.12-0.87; p = 0.02). Finally, administering rituximab
during the first episode with a delay <60 days decreased the
risk of relapse by 60% (HR 0.40; CI 0.19-0.84; p = 0.01).
However, no significant differences were observed regarding
the time in ICU.

Discussion

Despite an extended knowledge about the initial phase of
anti-NMDAR encephalitis, the recovery phase of the disease
has only been investigated thoroughly recently.'" Although
most patients seem to experience a slowly progressive clinical
improvement over 1-2 years, some of them may present
relapses, which may add additional disability. Herein, we de-
scribe a cohort of 49 patients experiencing relapses, providing
a detailed clinical description and analysis of potential risk
factors. In our cohort, relapses were slightly less frequent
than in the literature®'?; however, the clinical characteristics
were consistent with previous descriptions, as they may occur
more than once, are rarely paraneoplastic, generally mono-
symptomatic, and milder than the first episode.3’12 Re-
markably, we observed that the administration of first-line and
second-line immunotherapies during the first episode
decreases the risk of subsequent relapses, especially when
given early in the course of the disease.

Anti-NMDAR encephalitis encompasses a well-defined spec-
trum of clinical features; in the earliest stages, patients pre-
dominantly exhibit cognitive impairment, psychiatric symptoms,
and seizures, with abnormal movements, dysautonomia, and
decreased level of consciousness appearing later in the dis-
ease course.”'® Thus, as a result of the latter symptoms,
patients often require admission to the ICU. Interestingly,
most patients in the present series showed a rather mild
clinical picture during relapses, usually manifesting with only
1 or 2 core symptoms, chiefly seizures, psychiatric disturbances,
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Table 2 Clinical Features at Onset of Patients With and Without Relapses of Anti-NMDAR Encephalitis

Clinical and paraclinical features Patients with relapses (n = 49) Patients without relapses (n = 197) p Value
Women, n (%) 41 (83) 156 (79) >0.05
Age, y, median (range, IQR) 19 (1-75, 8) 20 (1-66, 13) >0.05
ICU admission, n (%) 27 (55) 126 (63) >0.05
ICU stay, d, median (range, IQR) 22 (2-369, 13) 39 (1-299, 57) 0.04
Tumor, n (%) 5(10) 57/187 (30) 0.004
Abnormal MRI, n (%) 17 (34) 51/184 (27) >0.05
T2 medial temporal HS 7 (14) 17 (9) >0.05
T2 extratemporal white matter HS 7 (14) 24 (13) >0.05
Other 3(6) 10 (5) >0.05
Abnormal EEG, n (%) 38 (77) 158/190 (83) >0.05
Slowing 28 (57) 123 (62) >0.05
Epileptic discharges 10 (20) 35(18) >0.05
CSF abnormalities, n (%) 37 (75) 149/195 (76) >0.05
CSF WBC, cells/pL, median (range, IQR) 9 (0-290, 36) 24 (0-700, 53) 0.01
CSF protein, g/L, median (range, IQR) 0.32(0.17-0.72, 0.17) 0.35(0.11-2.21, 0.25) >0.05
First-line treatment, n (%) 39 (79)° 190 (96) 0.0001
First-line delay >30 d, n (%) 20 (52) 58/185 (31) 0.01
Second-line treatment, n (%) 20 (40)° 142 (72) 0.0001
Second-line delay >60 d, n (%) 10 (50)7 39/138 (28) 0.04
Rituximab, n (%) 19 (38)° 135 (68) 0.0001
Rituximab delay >60 d, n (%) 9(47)2 37/132(28) >0.05
Cyclophosphamide, n (%) 6(12)? 47 (23) >0.05
Cyclophosphamide delay >60 d, n (%) 5(83)° 24/45 (53) >0.05
Third-line treatment, n (%) 16 (32)7 71/197 (36) >0.05
Max mRS at onset, median (range, IQR) 5(3-5,1) 5(3-6,1) >0.05
mRS23 at 12 mo follow-up, n (%) 6/45 (13) 33/178 (18) >0.05
mRS23 at last follow-up, n (%) 9(18) 22 (11) >0.05
Follow-up, d, median (range, IQR) 1752 (390-9,229, 1760) 824 (375-8,510, 857) 0.02

Abbreviations: HS = hyperintensity; ICU = intensive care unit; IQR = interquartile range; mRS = modified Rankin score; NMDAR = NMDA receptor.

?Including only treatments given before the relapse.

or cognitive dysfunction, as previously reported by other
authors in relapses of anti-NMDAR encephalitis,s’8 but also in
anti-LGI1 encephalitis.14 Accordingly, most patients presented
a less severe disease during relapse compared with the onset,
as reflected by a lower maximal mRS, and no additional
disability at last follow-up related to the relapse was ob-
served, in contrast to previous studies."*'® Nevertheless,
a small proportion experienced life-threatening relapses with
refractory status epilepticus or severe dysautonomia, which
unfortunately led to death in 1 patient. Therefore, early
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identification and management of anti-NMDAR encephalitis
relapses is crucial to prevent these undesired events.

Furthermore, we observed distinctive clinical features during
the first episode in patients with relapses when compared with
those without them. These clinical biomarkers could poten-
tially serve as a useful tool to identify patients at risk of de-
veloping rel with relapses had fewer CSF WBC per uL;
interestingly, presenting CSF pleocytosis of 5-20 WBC per uL
during the first episode decreased the risk of relapse by 69%,
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Figure 2 Kaplan-Meier Survival Analysis and Cox Regression Analysis Evaluating Impact of Different Treatments on Further

Relapses
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(A) Patients treated with first-line and second-line immunotherapies during the first episode of the disease presented less relapses. The abscissa axis
represents follow-up time (in months) after disease onset, and the ordinate axis represents the proportion of relapse-free patients over time. Tick marks
indicate censored patients, and comparison was made using the log-rank test. (B) Cox regression analysis for survival found a hazard ratio less than 1 for
patients who received first-line and second-line immunotherapies, representing a protective effect against relapses. The abscissa axis represents the odds
ratio on a log scale with the reference line (dashed), odds ratios (squares), and 95% CI (whiskers).

whereas presenting CSF pleocytosis of >20 WBC per pL de-  tumor in relapsing cases, as previous studies have shown that
creased the risk by 71%. This difference in CSF WBC could  paraneoplastic anti-NMDAR encephalitis present more intense
simply reflect a different timing of CSF sampling; however, it  CSF inflammation at onset.>® Remarkably, the rare occurrence of
could also be explained by the lower frequency of an underlying  relapses among patients with paraneoplastic anti-NMDAR

Figure 3 Kaplan-Meier Survival Analysis and Cox Regression Analysis Evaluating Impact of Administering First-Line
Immunotherapies With a Delay Longer Than 30 Days on Further Relapses
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(A) Patients treated with first-line immunotherapies with a delay longer than 30 days from onset present more relapses. The abscissa axis represents follow-
up time (in months) after disease onset, and the ordinate axis represents the proportion of relapse-free patients over time. Tick marks indicate censored
patients, and comparison was made using the log-rank test. (B) Cox regression analysis for survival, including only patients with complete data on the timing
of first-line or second-line immunotherapy administration, did not identify an increased risk of relapse associated with delays in treatment. The abscissa axis
represents the odds ratio on a log scale with the reference line (dashed), odds ratios (squares), and 95% CI (whiskers).
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Figure 4 Kaplan-Meier Survival Analysis Evaluating Impact of Administering Rituximab on Relapses
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(A) Patients treated with rituximab presented less relapses. (B) Patients treated with rituximab with a delay <60 days had less relapses than those with a longer
delay or who did not receive rixutimab. The abscissa axis represents follow-up time (in months) after disease onset, and the ordinate axis represents the
proportion of relapse-free patients over time. Tick marks indicate censored patients, and comparison was made using the log-rank test.

encephalitis support the role of the associated tumors as main
drivers of the disease. Interestingly, presenting a paraneoplastic
anti-NMDAR encephalitis decreases the risk of relapses by 68%.
In this study, only 1 patient was found to have an underlying

tumor at relapse, specifically a tumor recurrence with lymph node
metastasis of a previously resected endometrial carcinoma. By
contrast, nonparaneoplastic cases may relapse after the exposure,
or re-exposure, to other unidentified factors that may act as

Figure 5 Multiple Cox Regression Analysis Evaluating Impact of Different Clinical Features on Risk of Relapses
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The abscissa axis represents the odds ratio on a log scale with the reference line (dashed), odds ratios (squares), and 95% CI (whiskers).
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triggers of an autoimmune reactivation. Interestingly, 2 patients
experienced a relapse shortly after interrupting contraceptive pills
or after giving birth. Although it cannot be definitively suggested
that these factors directly influenced the relapse, hormonal
transitions are known to significantly influence immune
responses,16 and puerperium is widely recognized as a time of
autoimmune flares resulting from the cessation of immunotol-
erance induced during pregnancy.17 Moreover, 2 other patients
additionally presented other concurrent clinical and MRI find-
ings at relapse that led to the diagnosis of coexisting anti-
NMDAR encephalitis and aquaporin-4 antibody—positive NMO,
suggesting a common immune background driving this rare but
well-known overlapping syndrome.'®

Yet, the factor most likely to substantially influence the risk of
subsequent relapses—and the one more amenable to
improvement—is the administration of immunotherapy and
its timing. Shortly after the discovery of the disease, a few
studies including small cohorts of patients reported that not
receiving immunotherapy was associated with a higher risk of
developing relapses.>® Later, further research confirmed this
finding, and early administration of immunotherapy was
reported to be crucial to achieve better outcomes in the acute
phase and also to prevent relapses.3”5 In this study, we con-
firmed such findings by analyzing the largest cohort of
patients with anti-NMDAR encephalitis and relapses reported
to date. In addition, we found that the administration of first-
line and second-line immunotherapies during the first episode
decreased the risk of relapses by 66%, whereas the initiation of
first-line immunotherapies with a delay >30 days from onset,
or second-line therapies with a delay >60 days, was more
frequent among patients with relapses. Specifically, patients
with relapse were treated less frequently with rituximab, and
its administration during the first episode with a delay
<60 days decreased the risk of relapse by 60%. However, we
did not observe a change in relapse rate over time potentially
related to more frequent use of second-line therapies in the
past decade, as previously reported.'” Taken together, all
these findings suggesting a milder clinical course could explain
why these patients, despite having a similar mRS, are often
treated less aggressively, and may therefore be at a higher risk
of relapse. Consequently, it could be recommended that
a second line of immunotherapy should be considered re-
gardless of disease severity, rather than only after the failure of
first-line immunotherapy, as classically proposed.”"®

However, although the aforementioned clinical features might
identify patients at risk of relapses, the triggers and underlying
immune mechanisms explaining their clinical distinctiveness
from the first episode remain largely unknown. Previous studies
proved that there is no epitope spreading or change in the main
epitope region of NMDAR antibodies during relapses.”
Nonetheless, we recently described that the persistence of CSF
NMDAR antibodies at 12-month follow-up is associated with
a higher risk of further relapses.” Similarly, the persistence or
a secondary elevation of different immune factors, such as
CXCL10, CXCL13, and IL-17A, has been associated with

Neurology.org/NN

relapses.”™> Therefore, future prospective studies should aim
to define the most significant clinical and soluble biomarkers to
predict patients at risk of further relapses who may benefit from
a personalized management strategy.

The retrospective nature of this study associates several limi-
tations, particularly concerning the retrieval of clinical data from
past medical records and the possibility of misidentifying delayed
relapses despite including patients with a follow-up longer than
1 year. In addition, using the mRS to evaluate the clinical status of
patients may have minimized the impact of our results, as it
underestimates neuropsychiatric and cognitive deficits. More-
over, the diagnosis of anti-NMDAR encephalitis relapses is based
only on clinical features, and the identification of NMDAR
antibodies at the time of the relapse was not considered as
mandat01'y,3’6’8’9 increasing the risk of misdiagnosing other enti-
ties as relapses. However, long-lasting synaptic and network
alterations could make patients vulnerable to present relapses
despite negative CSF NMDAR antibodies, or because of low, and
unidentifiable, antibody titers. In addition, based on our findings,
patients with mild or isolated symptoms suggestive of relapse but
negative CSF NMDAR antibodies should be closely monitored
to prompt early recognition of new symptoms or even new CSF
NMDAR antibody synthesis.

These findings may have meaningful implications in daily
clinical practice. The analysis of the present cohort allowed to
refine the knowledge about the clinical and paraclinical fea-
tures of anti-NMDAR encephalitis relapses, prompting early
recognition and management. In addition, we confirmed the
importance of first-line and second-line immunotherapies
during the first episode and reaffirmed the impact of a delay in
their administration on the occurrence of subsequent relapses.
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