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Abstract
Background and Objectives
Relapses occur in 15%–25% of patients with leucine-rich glioma-inactivated 1 antibody (LGI1-
Ab) autoimmune encephalitis and may cause additional disability. In this study, we clinically
characterized the relapses and identified factors predicting their occurrence.

Methods
This is a retrospective chart review of patients with LGI1-Ab encephalitis diagnosed at our
center between 2005 and 2022. Relapse was defined as worsening of previous or appearance of
new symptoms after at least 3 months of clinical stabilization.

Results
Among 210 patients, 30 (14%) experienced a total of 33 relapses. The median time to first
relapse was 23.9 months (range: 4.9–110.1, interquartile range [IQR]: 17.8). The CSF was
inflammatory in 11/25 (44%) relapses, while LGI1-Abs were found in the serum in 16/24
(67%) and in the CSF in 12/26 (46%); brain MRI was abnormal in 16/26 (62%) relapses.
Compared with the initial episode, relapses manifested less frequently with 3 or more symp-
toms (4/30 patients, 13% vs 28/30, 93%; p < 0.001) and had lower maximal modified Rankin
scale (mRS) score (median 3, range: 2–5, IQR: 1 vs 3, range: 2–5, IQR: 0; p = 0.001). The
median mRS at last follow-up after relapse (2, range: 0–4, IQR: 2) was significantly higher than
after the initial episode (1, range: 0–4, IQR: 1; p = 0.005). Relapsing patients did not differ in
their initial clinical and diagnostic features from 85 patients without relapse. Nevertheless,
residual cognitive dysfunction after the initial episode (hazard ratio:13.8, 95% confidence
interval [1.5; 129.5]; p = 0.022) and no administration of corticosteroids at the initial episode
(hazard ratio: 4.8, 95% confidence interval [1.1; 21.1]; p = 0.036) were significantly associated
with an increased risk of relapse.

Discussion
Relapses may occur years after the initial encephalitis episode and are usually milder but cause
additional disability. Corticosteroid treatment reduces the risk of future relapses, while patients
with residual cognitive dysfunction after the initial episode have an increased relapse risk.
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(A.F.), Psychology, Pharmacology and Child Health, University of Florence, Italy; Department of Biostatistics (N.T.), Hospices Civils de Lyon, France; Clinical Neurology (A.V.), SantaMaria
DellaMisericordia University Hospital, Azienda Sanitaria Universitaria Friuli Centrale (ASU FC); Department ofMedicine (DAME) (A.V.), University of Udine, Italy; Neurology Department
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Introduction
Leucine-rich glioma-inactivated 1 antibody (LGI1-Ab) auto-
immune encephalitis commonly affects older men and typi-
cally presents as a limbic encephalitis with predominant
memory and behavioral disturbances, accompanied by sleep
disorders, temporal lobe seizures, and, in nearly 30% of the
patients, pathognomonic faciobrachial dystonic seizures
(FBDS).1,2 Although most patients experience a monophasic
course followed by a slow recovery with frequent (mainly
cognitive) sequelae, relapses have been reported in approxi-
mately 15%–25% of patients.3-8

In clinical practice, discerning between residual symptoms of
LGI1-Ab encephalitis and relapses may be challenging. Early
recognition and treatment of relapses is crucial because they
may cause additional disability and worsen prognosis.3,9 Even
more importantly, identifying risk factors of relapse would
allow for preventive strategies to be implemented early in the
disease course to avert relapse occurrence altogether.

Nevertheless, a thorough characterization of the relapses is
lacking. Despite a few recent reports attempting to describe
them in more detail,3,4,6,10 the heterogeneous inclusion cri-
teria and modest sample sizes did not allow for any conclusive
inference. Notably, it is currently unclear whether relapsing
patients are clinically distinctive and whether particular im-
munomodulatory treatments reduce the risk of relapse. In this
study, we describe and clinically characterize the relapses in a
cohort of relapsing patients with LGI1-Ab encephalitis and
investigate potential predictors of relapse.

Methods
We retrospectively reviewed patients with LGI1-Abs di-
agnosed at the study center between June 2005 and June
2022; detection of LGI1-Abs in the serum and/or CSF was
performed using indirect immunofluorescence on rat brain
slides and a cell-based assay (CBA) with human embryonic
kidney cells (HEK293) overexpressing LGI1 (both in-house),
as previously described.11,12 Patients were considered LGI1-
Ab positive when autoantibodies were detected by both
techniques in the CSF and by CBA in the serum. Inclusion
criteria were CNS involvement (LGI1-Ab encephalitis)
without an alternative diagnosis, absence of co-occurring
neural antibodies, and at least 1 relapse. Patients with a short
follow-up limited to the initial encephalitis episode (<3
months) or with insufficient clinical data to define the

occurrence of a relapse were excluded. Relapse was defined as
either a worsening of previous symptoms or appearance of
new ones after clinical stabilization causing neurologic de-
terioration and not due to concurrent medical conditions,
lifestyle changes, or abrupt therapeutic modifications. Clinical
stabilization was retrospectively defined as the time point after
the acute phase of encephalitis when neurologic improvement
was no longer observed and clinical status remained un-
changed after at least 3 months, with or without neurologic
sequelae. The median time from the initial encephalitis onset
to relapse was calculated in a preliminary analysis and was
approximately 2 years. Subsequently, only patients with LGI1-
Ab encephalitis with no relapse after a follow-up ≥ 2 years
were selected and included as a comparison group.

Demographic and clinical data collected were age, sex, di-
agnostic delay, clinical manifestations (classified into 5 major
categories: memory, psychiatric/behavioral, seizures, FBDS,
and sleep), maximal modified Rankin scale (mRS) score at
encephalitis nadir, T2-weighted fluid-attenuated inversion
recovery mesiotemporal lobe (MTL) hyperintensities on
brain MRI, EEG findings, hyponatremia (serum sodium ≤132
mEq/L), inflammatory CSF (defined as protein content >0.5
g/L and/or white blood cell count >5 cells/μL and/or pres-
ence of oligoclonal bands), CSF positivity for LGI1-Abs,
human leukocyte antigen (HLA) DRB1*07:01 carrier status,
immunotherapy including first-line treatment (corticoste-
roids, IV immunoglobulin [IVIG], and plasma exchange),
second-line treatment (rituximab and cyclophosphamide),
and chronic oral immunosuppression (azathioprine and
mycophenolate mofetil), delay to treatment, time to clinical
stabilization, and clinical outcome at last follow-up (mRS,
cognitive sequelae, and epilepsy). Poor outcome was defined
as mRS >2. Epilepsy was defined as reappearance of at least 1
unprovoked seizure after clinical stabilization. Cognitive im-
pairment was classified into 7 categories, from 0 to 5, through
an in-house scale focused on evaluating the impact of cogni-
tive dysfunction on the ability to perform previous activities of
daily living (ADL): 0 = no cognitive impairment; 0.5 = cog-
nitive symptoms, not impairing everyday activities; 1 = mild
cognitive deficits, independent but partial return to previous
activities; 2 = mild/moderate cognitive deficits, independent
but no return to previous activities or requires minor assis-
tance in instrumental ADL (IADL); 3 = severe cognitive
deficits, requires major assistance in IADL; 4 = severe cog-
nitive deficits, requires major assistance in ADL; and 5 =
dependent in all ADL. In addition, serum LGI1-Ab titration at
the initial episode was performed in patients with a serum

Glossary
ADL = activities of daily living; CBA = cell-based assay; FBDS = faciobrachial dystonic seizures; HLA = human leukocyte
antigen; IQR = interquartile range; IVIG = IV immunoglobulin; IVMP = IV methylprednisolone; LGI1-Ab = leucine-rich
glioma-inactivated 1 antibody; mRS = modified Rankin scale; MTL = mesiotemporal lobe; NMDAR-Ab = N-methyl-D-
aspartate receptor antibody.
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sample available within 3 months from the encephalitis di-
agnosis; titers were determined by end point dilutions
on CBA.

Statistical Analysis
Categorical variables are described as numbers and percent-
ages, and continuous variables are reported as median (range,
interquartile range [IQR]). Univariate analysis using the
Fisher exact test and χ2 test for categorical variables and the
Mann-WhitneyU test for continuous variables was performed
to compare the relapsing patients with the control group. The
McNemar test and Wilcoxon test for paired samples were
used to compare the initial encephalitis episode and relapse.
To identify potential predictors of relapse, a Cox proportional
hazards regression model was built, including variables per-
taining to the initial episode that were either clinically relevant
for a potential association with relapse and/or had a p value
<0.2 in the univariate analysis, adjusting for age, sex, di-
agnostic delay, and delay to treatment. All statistical tests were
2-sided, and a p value <0.05 was considered significant. Sta-
tistical analysis was performed using GraphPad Prism version
9.4.1 (GraphPad Software, San Diego, CA).

Standard Protocol Approvals, Registrations,
and Patient Consents
The Institutional Review Board of the Université Claude
Bernard Lyon 1 and theHospices Civils de Lyon approved the
study (LGI1-IRM 22-5017). Written informed consent was
obtained from all patients for the storage and use of biological
samples and clinical information for research purposes.

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

Results
Among the 317 patients diagnosed with LGI1-Abs during the
study period, 107 (34%) were excluded due to short follow-up
or insufficient clinical information (85/107, 79%), concomi-
tant positivity for other neural antibodies (13/107, 12%),
isolated peripheral nervous system involvement (7/107, 7%),
and diagnosis of Alzheimer disease concomitant with en-
cephalitis diagnosis (2/101, 2%). Among the remaining 210
patients, there were 30 (14%) who experienced at least 1
relapse and were included in this study (eFigure 1), for a total
of 33 relapses.

Themedian age at onset of LGI1-Ab encephalitis was 66 years
(range: 29–86, IQR: 17), and 23/30 (77%) patients were
male. Symptoms at the first episode of encephalitis were
memory impairment (30/30, 100%), psychiatric/behavioral
symptoms (26/30, 87%), FBDS (14/30, 47%), seizures (24/
30, 80%), and sleep disturbances (13/30, 43%). All patients
(30/30, 100%) received first-line treatment, and 17/30 (57%)
received second-line treatment. Patients reached clinical

stabilization in a median 11 months (range: 1.5–25, IQR:
7.2); the median mRS at stabilization was 1 (range: 0–4, IQR:
1; Figure 1). A total of 6/30 (20%) patients had a poor out-
come (mRS > 2) at stabilization; 4 of them experienced severe
memory impairment and 2 mild cognitive symptoms. Mild/
moderate cognitive sequelae were reported in 17 of the
remaining 24 (71%) patients with good outcome (Figure 2).

Relapse Characteristics
The median time from the LGI1-Ab encephalitis onset to the
first relapse was 23.9 months (range: 4.9–110.1, IQR: 17.8;
Table 1, Figure 1); 18/33 (55%) relapses occurred more than
2 years after onset. Two patients received LGI1-Ab enceph-
alitis diagnosis during the relapse, when LGI1-Abs were
detected in both the serum and CSF. During the initial epi-
sode, 1 patient tested negative for LGI1-Abs in the CSF (the
serumwas not tested), and the other one tested negative twice
by indirect immunofluorescence in the serum and CSF; both
were consequently diagnosed during the first episode as
having “autoimmune encephalitis without antibodies” and
received immunotherapy. Eight relapses (24%) occurred
while the patients were undergoing immunotherapy: 4 pa-
tients with rituximab, 1 with rituximab and corticosteroids, 2
patients with cyclophosphamide and corticosteroids, and 1
with oral corticosteroids only. Among the 5 patients relapsing
while on rituximab, CD19+ lymphocyte count was 0% and
“markedly reduced” in 2 and was not available in the
remaining 3 (eTable 1). All the patients who relapsed while
on corticosteroids were undergoing slow tapering.

The most common clinical manifestation during relapse was
memory impairment (23/33, 70%), followed by seizures (15/
33, 45%), FBDS (10/33, 30%; isolated in 5/33, 15%), and
psychiatric/behavioral symptoms (10/33, 30%; Table 1,
Figure 2). Four patients (12%) developed sleep disturbances
(1inversion of circadian rhythm, 1 insomnia and vivid dreams,
1 insomnia and limb movements, and 1 hypnopompic hal-
lucinations), while 5/33 (15%) experienced other symptoms:
gait instability (2/5), impaired consciousness with abnormal
limb movements (1/5), oral dyskinesia (1/5), and aphasia
(1/5).

Hyponatremia was observed in 4/28 (14%) relapses. A lum-
bar puncture was performed during 26 relapses, and the CSF
was inflammatory in 11/25 (44%); all 10 patients concerned
had previous CSF analysis and 4/10 (40%) had inflammatory
CSF at the initial episode. No patient had intrathecal synthesis
of oligoclonal bands. LGI1-Abs were positive in the serum of
15/23 (65%) patients and in the CSF of 12/25 (48%; eFig-
ure 2). Given that 1 patient who experienced 2 relapses had
serum and CSF samples available both at first and second
relapses, LGI1-Abs were overall positive in the serum in 16/
24 (67%) relapses and in the CSF in 12/26 (46%) relapses.
Notably, LGI1-Abs reappeared after a previous negativity in
4/16 (25%) relapses, while, conversely, LGI1-Abs were not
detected in the serum nor the CSF in 7/24 (29%) relapses. A
brain MRI was performed in 26 relapses and was abnormal in
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16 (62%), documenting stability of previous MTL hyper-
intensities in 11/26 (42%) cases and novel MTL findings in
3/26 (12%). An EEG was performed in 25 relapses; the final
report was available in 23 patients, revealing ictal activity in 3/
23 (13%). Neurodegenerative biomarkers (total tau, phos-
phorylated tau, Aβ42, Aβ40, and ratio Aβ42/Aβ40) were in-
vestigated in the CSF of 7 patients, 4 of them having at least 1
abnormal value (data not shown).

Regarding immunotherapy, 9/33 (27%) relapses were treated
exclusively with first-line treatment, 13/33 (39%) only with a
second-line treatment, and 10/33 (30%) with a combination
of both. Overall, IVIG were administered in 9/33 (27%) re-
lapses, corticosteroids in 15/33 (45%), rituximab in 19/33
(58%), and cyclophosphamide in 11/33 (33%; Table 1). One
patient (3%) did not receive any specific treatment, although
she was lost to follow-up 1 month after the relapse.

The median follow-up after relapse was 15.7 months (range:
0.3–65.6, IQR: 20.8). Ten patients (33%) had not reached
clinical stabilization at the last follow-up; of these, 5 were lost
to follow-up, 3 had a recent relapse diagnosis (in 2022), and 2
died (one due to SARS-CoV-2–related pneumonia, and cause
was unknown in the other). At the last follow-up, the median
mRS was 2 (range: 0–6, IQR: 2); 14/30 (47%) patients ex-
perienced a poor outcome. Twenty-three patients (77%)
presented cognitive sequelae at the last follow-up, of whom

12/23 (52%) previously had residual cognitive dysfunction
after the initial episode. One patient was diagnosed with
Alzheimer disease (confirmed by CSF biomarkers) more than
1 year after the relapse and had an mRS of 3 at his last visit.

Comparison Between the Initial Episode
and Relapse
We next compared the initial encephalitis episode with the
relapse, finding that all symptoms but FBDS were significantly
more frequent during the initial event. Overall, 28/30 (93%)
patients developed 3 or more symptoms during the initial
episode, compared with 4/30 (13%) during relapse (p <
0.001). The median maximal mRS was higher during the
initial episode than at relapse (median 3, range: 2–5, IQR: 1 vs
3, range: 2–5, IQR: 0; mean ± SD 3.6 ± 0.9 vs 3 ± 0.7; p =
0.001).

Regarding diagnostic findings, hyponatremia (4/26, 15% vs
22/30, 73%; p < 0.001) and LGI1-Abs in the CSF (12/25,
48% vs 23/29, 79%; p = 0.039) were significantly less frequent
during the relapse. Relapses were less commonly treated with
first-line treatment, and the median delay to immunotherapy
was significantly shorter (36.5 days, range: 3–218, IQR: 74.5
vs 81 days, range: 17–360, IQR: 118; p = 0.015). Focusing on
the 20 patients who reached postrelapse clinical stabilization,
the median mRS after the initial episode was 1 (range: 0–4,
IQR: 1), while residual disability significantly worsened after

Figure 1 Disease Course and Treatment of Patients With Relapsing LGI1-Ab Encephalitis

Swimmer plot illustrating the disease course of the 30 relapsing patients, with time on the abscissa axis extending from clinical onset (at time 0) until the last
follow-up (yellow circle). Each patient is represented by a different number and line on the ordinate axis (1–30). The treatment received at the initial episode
(green and orange empty rhombi) and the occurrence of a first (red triangle) and second relapse (blue triangle) are illustrated. Rhombi (green and orange)
represent the treatment received for the relapse. The time point of clinical stabilization (light blue square) was established retrospectively to mark the
beginning of an interval of at least 3 months during which the patient did not manifest any neurologic change. The modified Rankin scale (mRS) scores at
clinical stabilization and last follow-up are depicted inside the respective indicators. LGI1-Ab = leucine-rich glioma-inactivated 1 antibody.
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the relapse, with a median mRS of 2 (range: 0–4, IQR: 2; p =
0.005; Table 2).

Comparison of the Initial Episode With the
Control Group
To identify potential factors predicting relapse occurrence, we
compared the initial episode of patients with relapses with
that of 85 nonrelapsing patients. There was no significant
difference between the 2 groups regarding main de-
mographical, clinical, and diagnostic findings. Relapsing pa-
tients had a shorter delay to first-line treatment (median 81
days, range: 17–360, IQR: 118 vs 145 days, range: 6–750,
IQR: 156.5; p = 0.013), accompanied by a trend toward earlier
second-line treatment and an earlier diagnosis. After the initial
episode, there was no significant difference between the 2
groups regarding degree of disability, although the relapsing
group had a slightly higher frequency of cognitive sequelae
(23/30, 77% vs 51/85, 60%; p = 0.1; Table 3). In addition,
serum LGI1-Ab titers at the initial episode were determined in
17 relapsing patients and 42 controls with a serum sample
available within 3 months from encephalitis diagnosis. There
was no significant difference in serum LGI1-Ab titers between
the 2 groups, both in the univariate analysis (eTable 2) and in
a Cox proportional hazards regression model, correcting for
age, sex, diagnostic delay, delay to treatment, and immuno-
therapy administration (data not shown).

Furthermore, we performed a Cox regressionmodel including
the variables age, sex, diagnostic delay, psychiatric/behavioral
symptoms, cognitive dysfunction at stabilization, inflammatory
CSF, maximal mRS, no administration of corticosteroids, and
delay to treatment. The persistence of cognitive dysfunction after
the initial episode (hazard ratio: 13.8, 95% confidence interval
[1.5; 129.5]; p = 0.022) and no administration of corticosteroids
at the initial episode (hazard ratio: 4.8, 95% confidence interval
[1.1; 21.1]; p = 0.036) were significantly associated with an
increased risk of relapse (Figure 3, eTable 3, eFigure 3). Al-
though the length of corticosteroid treatment was not available,
we performed separate analyses for patients who received IV
methylprednisolone (IVMP) alone compared with those treated
with IVMP and/or oral corticosteroids and subsequent oral de-
escalation. The different Cox regressionmodels built revealed no
significant association with relapse risk (data not shown).

In addition, because a substantial number of relapsing patients
were treated late in the course of the disease (13/30, 43%), we
identified those in whom first-line treatment was administered
within the first 3months, which better reflects the current strategy
of early therapeutic intervention, and analyzed factors predicting
relapses in this subgroup. We found 17/30 (57%) relapsing pa-
tients and 24/85 (28%) controls, for a total of 41 patients, but
there was no statistically significant difference regarding theirmain
demographical and clinical features (eTable 4).

Figure 2 Evolution of Symptoms Before and After the Relapse

Heatmap and bar graphs illustrating the prevalence of different symptoms (memory impairment, FBDS, seizures, psychiatric/behavioral symptoms and sleep
disturbances) during the initial encephalitis episode, stabilization, first and second relapses, and at last follow-up. The severity of cognitive symptoms is
graded through different shades of blue, as specified in the legend. Symptoms that remained stable between stabilization and relapse are marked with a
cross. ADL = activities of daily living; FBDS = faciobrachial dystonic seizures; IADL = instrumental activities of daily living; memory = memory impairment;
psychiatric = psychiatric/behavioral symptoms; sleep = sleep disturbances.
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Discussion
Despite being frequently mentioned in the literature, relapses
in LGI1-Ab encephalitis have not been systematically

described. In this study, we report a series of 30 relapsing
patients, providing a detailed outline of the relapses and a
comparison with a control group. We found that 14% of
patients experience a relapse, sometimes years after the initial

Table 1 Summary of Main Clinical and Diagnostic Features During the Relapses

Relapses, n = 33

Median age at relapse, y (range; IQR) 68 (30–90; 14)

Median time from initial encephalitis onset to first relapse, mo (range; IQR) 23.9 (4.9–110.1; 17.8)

Median time from clinical stabilization to relapse, mo (range; IQR) 10.2 (3–85; 11.2)

Clinical features, n (%)

Memory impairment 23 (70)

FBDS 10 (30)

Seizures 15 (45)

Psychiatric/behavioral 10 (30)

Sleep disturbances 4 (12)

Median maximal mRS score (range; IQR) 3 (2–5; 1)

Diagnostic findings, n (%)

Hyponatremia 4/28 (14)

Inflammatory CSF 11/25 (44)

LGI1-Abs in serum 16/24 (67)

LGI1-Abs in CSF 12/26 (46)

T2/FLAIR MTL hyperintensities on brain MRIa 14/26 (54)

EEG documenting ictal activityb 3/23 (13)

Altered metabolism in brain FDG-PET 2/5 (40)

Treatmentc, n (%)

IVIG 9 (27)

Corticosteroids 15 (45)

Rituximab 19 (58)

Cyclophosphamide 11 (33)

Median delay to treatment, d (range; IQR) 38 (3–218; 53.5)

Outcome (n = 30 patients)

Median time to stabilization, mo (range; IQR) 10 (2.2–20; 10.3)

Median mRS (range; IQR) 2 (0–6; 2)

Poor outcome (mRS >2), n (%) 14 (47)

Cognitive dysfunction, n (%) 23 (77)

Epilepsy, n (%) 2 (7)

Abbreviations: FBDS = faciobrachial dystonic seizures; FDG-PET = fluorodeoxyglucose PET; IQR = interquartile range; IVIG = IV immunoglobulin; LGI1-Abs =
leucine-rich glioma-inactivated 1 antibodies; mRS = modified Rankin scale; MTL = mesiotemporal lobe; T2/FLAIR = T2-weighted fluid-attenuated inversion
recovery.
a 2/26 patients developed T2/FLAIR hyperintensity of other areas (1 basal ganglia, 1 cerebellar peduncles).
b In the remaining 20 patients, EEG revealed focal or diffuse slowing in 6/23 (26%) and normal findings in 14/23 (61%).
c 9/33 (27%) only first-line treatment (4 corticosteroids, 3 corticosteroids + IVIG, 2 IVIG); 13/33 (39%) only second-line treatment (5 rituximab + cyclophos-
phamide, 5 rituximab, 3 cyclophosphamide); 10/33 (30%) combination of both (3 corticosteroids + rituximab, 2 IVIG + rituximab, 2 corticosteroids + IVIG +
rituximab, 2 corticosteroids + rituximab + cyclophosphamide, 1 corticosteroids + cyclophosphamide).
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episode. Although relapses usually present with fewer and
milder symptoms, making them challenging to diagnose, they
also lead to a poorer outcome with additional disability. Re-
markably, administration of corticosteroids at the initial epi-
sode decreases relapse risk, whereas residual cognitive
dysfunction after the initial encephalitis episode is a risk factor
of relapse.

The frequency of relapses in LGI1-Ab encephalitis varies
greatly in the literature, from 13%4 to 35%,2 and even up to
59% in a mixed cohort including patients with contactin-

associated protein-like 2 antibodies.1 On one hand, relapses
have been heterogeneously defined in the past, likely leading
to a misperception regarding their true frequency1,4,6,8-10; on
the other hand, patients with autoimmune encephalitis may
experience transient fluctuations of symptoms early in the
disease course,13 often due to suspension or dose decrease of
immunosuppressive treatment. For instance, FBDS are par-
ticularly sensitive to corticosteroids, and fast tapering can
prompt their recurrence.14,15 Thus, these early fluctuations
likely represent an incomplete recovery from the initial epi-
sode, principally due to an inappropriate therapeutic

Table 2 Clinical Features, Treatment, andOutcomeof the Initial EpisodeComparedWith First Relapse in the 30 Relapsing
Patients

Initial episode, n = 30 First relapse, n = 30 p Value

Clinical features, n (%)

Memory impairment 30 (100) 23 (77) 0.016

FBDS 14 (47) 8 (27) 0.70

Seizures 24 (80) 14 (47) 0.013

Psychiatric/behavioral 26 (87) 9 (30) <0.001

Sleep disturbances 13 (43) 3 (10) 0.002

Combination of ≥3 symptoms 28 (93) 4 (13) <0.001

Median maximal mRS score (range; IQR) 3 (2–5; 1) 3 (2–5; 0) 0.001

Diagnostic findings, n (%)

Hyponatremia 22 (73) 4/26 (15) <0.001

Inflammatory CSF 11 (37) 10/24 (42) 0.75

LGI1-Abs in CSF 23/29 (79) 12/25 (48) 0.039

T2/FLAIR MTL hyperintensities on MRI 20/29 (69) 13/25 (52) 0.23

First-line treatment, n (%) 30 (100) 17 (57) <0.001

IVIG 27 (90) 9 (30) <0.001

Corticosteroids 25 (83) 13 (43) 0.004

Second-line treatment, n (%) 17 (57) 22 (73) 0.18

Rituximab 14 (47) 18 (60) 0.39

Cyclophosphamide 11 (37) 10 (33) 1

Combination of first-line and second-line treatment 17 (57) 10 (33) 0.09

Median delay to treatment, d (range; IQR)a 81 (17–360; 118) 36.5 (3–218; 74.5) 0.015

Outcome

Median time to stabilization, mo (range; IQR) 11 (1.5–25; 7.2) 12.3 (2.2–20; 10.6) 0.75

Median mRS (range; IQR)b 1 (0–4; 1) 2 (0–4; 2) 0.005

Poor outcome (mRS >2)b, n (%) 6 (20) 7/20 (35) 0.06

Cognitive dysfunctionb, n (%) 23 (77) 14/20 (70) 1

Abbreviations: FBDS = faciobrachial dystonic seizures; IQR = interquartile range; IVIG = IV immunoglobulin; LGI1-Abs = leucine-rich glioma-inactivated 1
antibodies; mRS = modified Rankin scale; MTL = mesiotemporal lobe; T2/FLAIR = T2-weighted fluid-attenuated inversion recovery.
a Delay to first-line treatment during the initial episode compared with delay to any treatment during relapse.
b At clinical stabilization after the initial episode vs at clinical stabilization after the relapse (excluding the 10/30 patients who had not stabilized at the last
follow-up).
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Table 3 Characteristics of the Initial Encephalitis Episode in Relapsing Patients Compared With the Control Group

Relapsing patients,
n = 30

Control group,
n = 85 p Value

Median age at onset, y (range; IQR) 66 (29–86; 17) 64 (21–83; 14) 0.30

Male sex, n (%) 23 (77) 51 (60) 0.10

HLA DRB1*07:01, n (%) 17/22 (77) 53/61 (87) 0.29

Median diagnostic delay, d (range; IQR) 73 (18–3,339; 130) 136 (2–1,530; 161.5) 0.09

Median follow-up, mo (range; IQR)a 23.9 (4.9–110.1; 17.8) 36.2 (24.4–156.7; 26) <0.001

Clinical features, n (%)

Memory impairment 30 (100) 83 (98) 1

FBDS 14 (47) 45 (53) 0.55

Seizures 24 (80) 73 (86) 0.45

Psychiatric/behavioral 26 (87) 62 (73) 0.13

Sleep disorders 13 (43) 38 (45) 0.90

Combination of ≥3 symptoms 28 (93) 72 (85) 0.35

Median maximal mRS score (range; IQR) 3 (2–5; 1) 3 (1–5; 1) 0.13

Diagnostic findings, n (%)

Inflammatory CSF 11 (37) 33/82 (40) 0.73

LGI1-Abs in CSF 23/29 (79) 62/79 (78) 0.93

T2/FLAIR MTL hyperintensities on MRI 20/29 (69) 62/84 (74) 0.61

First-line treatment, n (%) 30 (100) 82 (96) 0.57

IVIG 27 (90) 73 (86) 0.76

Corticosteroids (IVMP and/or oral) 25 (83) 67 (79) 0.60

IVMP only 8 (27) 28 (33) 0.52

Median delay onset-start of any first-line treatment, d (range; IQR) 81 (17–360; 118) 145 (6–750; 156.5) 0.013

Second-line treatment, n (%) 17 (57) 48 (56) 0.98

Rituximab 14 (47) 40 (47) 0.97

Cyclophosphamide 11 (37) 34 (40) 0.75

Median delay onset-start of any second-line treatment, d (range; IQR) 167.5 (43–960; 105) 230 (55–1,516; 214.5) 0.09

Chronic oral immunosuppression, n (%) 5 (17) 16 (19) 0.79

Outcome

Median mRS (range; IQR)b 1 (0–4; 1) 1 (0–5; 2) 0.75

Poor outcome (mRS >2)b, n (%) 6 (20) 14 (16) 0.66

Cognitive dysfunctionb, n (%) 23 (77) 51 (60) 0.10

Epilepsyc, n (%) 2 (7) 12/79 (15) 0.34

Abbreviations: FBDS = faciobrachial dystonic seizures; HLA = human leukocyte antigen; IQR = interquartile range; IVIG = IV immunoglobulin; IVMP = IV
methylprednisolone; LGI1-Abs = leucine-rich glioma-inactivated 1 antibodies; mRS = modified Rankin scale; MTL = mesiotemporal lobe; T2/FLAIR = T2-
weighted fluid-attenuated inversion recovery.
a Time to relapse in the relapsing group.
b At clinical stabilization after the initial episode in the relapsing group and at last follow-up in the control group.
c At last follow-up in both the relapsing and control groups.
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management, rather than a true relapse. In this study, we used
a more rigorous definition of relapse, similar to a previous
work,8 to discriminate true relapses from early fluctuations.

In the study population, the median time from onset to re-
lapse was nearly 2 years, with 1 patient relapsing 9 years after
the initial episode. Conversely, such a long interval was rare in
previous studies, with most patients experiencing a relapse
within the first year after onset,1,6,9 but this was likely influ-
enced by the aforementioned heterogeneous definitions of
relapse. However, in studies with longer follow-up2 or clearer
distinctions between early fluctuations and relapses,7 the in-
terval increases, reaching a median of 352 and 30 months,7

which is closer to that found in this study. Hence, even patients
showing improvement and clinical stabilization should undergo a
long-term neurologic follow-up after the initial episode.

Similar to what has been described in N-methyl-D-aspartate
receptor antibody (NMDAR-Ab) encephalitis,16-18 relapses in
patients with LGI1-Ab do not encompass the typical full-
blown syndrome, but present instead with fewer and milder
symptoms. As a result, relapses may be subtle and difficult to
recognize, especially when only isolated symptoms are pre-
sent. Furthermore, the distinction between symptomatic sei-
zures in the context of a relapse and autoimmune
encephalitis–associated epilepsy19 must be carefully evaluated
because few patients with LGI1-Ab encephalitis develop ep-
ilepsy in the long-term.8,20 In addition, infections and changes
in lifestyle or medications can worsen cognition in older
predisposed patients. Moreover, because the median age of
patients with LGI1-Ab encephalitis is relatively high, the
possible development of neurodegenerative disorders must be
considered, as observed in 1 patient in this study. Thus, when

a relapse is suspected, medical history should focus on iden-
tifying potential triggers for clinical worsening, and a tailored
clinical and diagnostic assessment should be performed to
exclude alternative diagnosis.

Laboratory tests were conducted in most relapses described in
this study and often found fewer abnormalities compared with
the initial episode. Similarly, MRI findings were usually stable
when compared with prior examinations, as previously
reported.6 Furthermore, LGI1-Abs only sporadically resur-
faced during relapse after a previous disappearance and were
notably absent in both the serum and CSF in almost one-third
of patients. This last finding could be explained by a lack of
sensitivity of the current antibody detection techniques for
low antibody titers. However, few published studies with
limited sample sizes report serial antibody testing in LGI1-Ab
encephalitis2,4,9; one of them found serum LGI1-Abs almost 2
years after treatment in 4 nonrelapsing patients in a cohort of
19, regardless of the outcome.9 Hence, the clinical significance
of antibody detection during follow-up needs further clarifi-
cation. Therefore, the diagnosis of a relapse should rely primarily
on clinical grounds, although there is certainly an unmet need for
objective measures to use as biomarkers of relapse. Because of
the retrospective design of this study, we had limited data on the
frequency of novel MTL hyperintensities and abnormal neuro-
degenerative biomarkers in the CSF of relapsing patients. Thus,
we could not assess their significance as potential diagnostic and/
or prognostic biomarkers of relapse, which should be addressed
by future studies.

Of interest, the clinical and diagnostic features at the initial
episode were similar between relapsing patients and the
control group. Likewise, in recent studies where an analogous

Figure 3 Cox Proportional Hazards Regression Curve for Relapse Occurrence in Patients With and Without Residual
Cognitive Dysfunction After the Initial Episode and in Patients With and Without Prior Administration of
Corticosteroids at Initial Episode

The Cox regression model was built including variables associated with relapse risk. The abscissa axis represents follow-up time (in months) after disease
onset. Relapse-free survival on the ordinate axis describes the probability of remaining relapse-free over time. Patients with residual cognitive dysfunction
after the initial episode (in red, A) and without prior administration of corticosteroids at initial episode (in red, B) have a higher risk of relapse.
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analysis was performed, the only significant differences were
the frequency of sleep disorders4 and residual epilepsy,3 both
higher in relapsing patients. While LGI1-Ab titers at the initial
episode were previously suggested to be associated with re-
lapse occurrence,10 we could not reproduce these findings in a
subset of patients from this study with available samples.
Nonetheless, we observed in this study that persisting cog-
nitive dysfunction after the initial episode was a risk factor of
relapse. This is of major importance because a significant
number of patients with LGI1-Ab encephalitis report cogni-
tive sequelae,9,12,21 although the underlying causes are still
incompletely understood, perhaps involving hippocampal
atrophy,22,23 disrupted connectivity,24,25 or reduced cognitive
reserve.26 Thus, given the elevated disability and the higher
risk of relapses, patients with cognitive sequelae should be
closely monitored.

Typically, most patients with LGI1-Ab encephalitis have a
good prognosis as measured by the mRS,1,2,9,12,21 but in this
study, a third of the patients who stabilized after the relapse
had a poor outcome at the last follow-up. Moreover, median
mRS scores were significantly higher after the relapse than
after the initial episode, implying that some patients do not
return to their prerelapse state but develop additional dis-
ability. Similarly, worse cognitive outcome9 and incomplete
recovery3 have previously been associated with relapse in
patients with LGI1-Ab encephalitis, corroborating the find-
ings in this study. Thus, preventing relapse occurrence would
be of the utmost importance to avoid additional accumulation
of disability and poorer outcome.

The role of treatment in relapse prevention has not been
comprehensively explored. Lack of immunotherapy, less ag-
gressive treatment regimens, and longer delay to treatment
led to a higher risk of relapse in NMDAR-Ab
encephalitis.16,17,27-29 Rituximab has specifically been sug-
gested to prevent relapses both in patients with NMDAR-Ab
encephalitis30 and in a mixed cohort of patients with auto-
immune encephalitis, including 26 with LGI1-Abs.31 Long-
term steroid-sparing immunotherapy also reduced relapse risk
in a LGI1-Ab encephalitis cohort from a recent study,8 al-
though this was not confirmed in a smaller cohort.32 In this
study, we found that administration of corticosteroids at the
initial episode prevents future relapses. The efficacy of corti-
costeroids in treating manifestations of LGI1-Ab encephalitis
such as FBDS14,15 and seizures7,8 is well-known, and early
treatment can prevent the development of cognitive impair-
ment.33 Moreover, corticosteroids lead to a greater im-
provement in disability in the short-term.7 Nonetheless,
beneficial effects on long-term outcome are less clear,7 and
chronic administration often leads to adverse events, with
significant economic burden on health care systems34 and
reduced quality of life.35 In this study, there was no difference
between the impact on relapse risk of either IVMP only or
IVMP and/or oral corticosteroids followed by oral tapering.
Thus, we cannot currently draw any conclusions about the
required duration of the corticosteroid treatment; however,

identifying new steroid-sparing drugs with fewer side effects
but similar efficacy on relapse prevention remains a clinically
imperative objective.

Surprisingly, the delay to treatment was significantly shorter
in patients who relapsed than in those who did not. There was
also a trend toward a shorter delay to diagnosis, which could
seemingly explain the aforementioned finding. We do not have
a definite explanation for these shorter delays because there was
no significant difference between the 2 groups when compared
for the number of symptoms in the initial episode or for clinical
severity, as measured through the mRS. However, this could
have been influenced by the well-known limitations of the mRS
as a measure of disease burden12,21 and by the small sample size.
Hence, larger cohorts are needed to fully understand the po-
tential differences between relapsing and nonrelapsing patients.

In this study, we provide a detailed clinical and diagnostic
picture of the relapses, but the inherent pathogenic mecha-
nisms remain unclear. Given the increased risk in patients
with cognitive sequelae, we could hypothesize that a sub-
clinical inflammatory process persists in the temporal lobe,
which is preferentially involved in LGI1-Ab encephalitis.11

Alternatively, we could speculate that the initial encephalitis
event triggers a neurodegenerative process in a subset of
predisposed patients and that, over time, progressive neuro-
degeneration and exhaustion of cognitive reserve allow for
new cognitive and behavioral symptoms to manifest, leading
to a clinical relapse; moreover, this hypothesis would also
explain the ineffectiveness of immunotherapy to prevent re-
lapses. However, other yet unknown genetic and immuno-
logic factors may concur, although we found no association
with HLA-DRB1*07:01 carrier status in this study.

Limitations of this study include its retrospective nature, with
the consequent lack of longitudinal assessment of diagnostic
tests during follow-up and a possible underestimation of subtle
and mild symptoms. Second, we cannot exclude that some pa-
tients in the control groupmight have experienced a relapse over
a longer follow-up period; however, we specifically selected pa-
tients with at least a 2-year follow-up because this interval was
consistent with the median time to first relapse among relapsing
patients included in this study. Another limitation is the relatively
modest sample size; nonetheless, given that LGI1-Ab encepha-
litis is a rare disease, the present cohort of relapsing patients
considerably adds to the available literature. Last, this study
showed that radiologic and laboratory inflammatory features,
including LGI1-Abs, may be absent in some relapses. However,
we recognize the need for objective biomarkers that differentiate
more clearly between relapses and clinical fluctuations related to
immunotherapy modifications or co-occurring neurodegenera-
tive processes. Nevertheless, the rigorous definition of relapse
used in this study and the clinical characteristics of the relapses
strongly suggest the autoimmune nature of these events.

In conclusion, relapses may occur years after the initial enceph-
alitis episode and are usually milder but cause additional disability.
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Of importance, corticosteroid treatment reduces the risk of future
relapses, while patientswith residual cognitive dysfunction after the
initial episode have an increased relapse risk.
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Université Claude Bernard
Lyon 1, France

Drafting/revision of the
article for content,
including medical writing
for content; major role in
the acquisition of data;
study concept or design;
and analysis or
interpretation of data

Appendix (continued)

Name Location Contribution

Antonio
Farina, MD

French Reference Center for
Paraneoplastic Neurological
Syndromes and Autoimmune
Encephalitis, Hospices Civils de
Lyon; MeLiS - UCBL-CNRS UMR
5284 - INSERM U1314,
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Marie-Curie, Universités
Sorbonnes, Paris, France

Drafting/revision of the
article for content,
including medical writing
for content; and analysis or
interpretation of data

Continued

Neurology.org/NN Neurology: Neuroimmunology & Neuroinflammation | Volume 11, Number 3 | May 2024 11

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.n
eu

ro
lo

gy
.o

rg
 b

y 
U

ni
ve

rs
it 

D
eg

li 
St

ud
i D

i U
di

ne
 o

n 
21

 M
ay

 2
02

4

https://nn.neurology.org/content/0/0/e200228/tab-article-info
http://neurology.org/nn


References
1. Gadoth A, Pittock SJ, Dubey D, et al. Expanded phenotypes and outcomes among 256

LGI1/CASPR2-IgG-positive patients. Ann Neurol. 2017;82(1):79-92. doi:10.1002/
ana.24979

2. van Sonderen A, Thijs RD, Coenders EC, et al. Anti-LGI1 encephalitis: clinical
syndrome and long-term follow-up. Neurology. 2016;87(14):1449-1456. doi:
10.1212/WNL.0000000000003173

3. Cui LL, Boltze J, Zhang Y. Positive LGI1 antibodies in CSF and relapse relate to worse
outcome in anti-LGI1 encephalitis. Front Immunol. 2021;12:772096. doi:10.3389/
fimmu.2021.772096

4. Guo K, Liu X, Lin J, et al. Clinical characteristics, long-term functional outcomes and
relapse of anti-LGI1/Caspr2 encephalitis: a prospective cohort study in Western
China. Ther Adv Neurol Disord. 2022;15:17562864211073203. doi:10.1177/
17562864211073203

5. Lai M, Huijbers MG, Lancaster E, et al. Investigation of LGI1 as the antigen in limbic
encephalitis previously attributed to potassium channels: a case series. Lancet Neurol.
2010;9(8):776-785. doi:10.1016/S1474-4422(10)70137-X

6. Qiao S, Wu HK, Liu LL, et al. Clinical features and long-term outcomes of anti-
leucine-rich glioma-inactivated 1 encephalitis: a multi-center study.Neuropsychiatr Dis
Treat. 2021;17:203-212. doi:10.2147/NDT.S292343

7. Rodriguez A, Klein CJ, Sechi E, et al. LGI1 antibody encephalitis: acute treatment
comparisons and outcome. J Neurol Neurosurg Psychiatry. 2022;93(3):309-315. doi:
10.1136/jnnp-2021-327302

8. Smith KM, Dubey D, Liebo GB, Flanagan EP, Britton JW. Clinical course and features
of seizures associated with LGI1-antibody encephalitis. Neurology. 2021;97(11):
e1141–e1149. doi:10.1212/WNL.0000000000012465

9. Arino H, Armangue T, Petit-Pedrol M, et al. Anti-LGI1-associated cognitive im-
pairment: presentation and long-term outcome. Neurology. 2016;87(8):759-765. doi:
10.1212/WNL.0000000000003009

10. Zhong R, Chen Q, Zhang X, Zhang H, Lin W. Relapses of anti-NMDAR, anti-
GABABR and anti-LGI1 encephalitis: a retrospective cohort study. Front Immunol.
2022;13:918396. doi:10.3389/fimmu.2022.918396

11. Navarro V, Kas A, Apartis E, et al. Motor cortex and hippocampus are the two main
cortical targets in LGI1-antibody encephalitis. Brain. 2016;139(Pt 4):1079-1093. doi:
10.1093/brain/aww012

12. Muniz-Castrillo S, Haesebaert J, Thomas L, et al. Clinical and prognostic value of
immunogenetic characteristics in anti-LGI1 encephalitis. Neurol Neuroimmunol
Neuroinflamm. 2021;8(3):e974. doi:10.1212/NXI.0000000000000974

13. Abboud H, Probasco J, Irani SR, et al. Autoimmune encephalitis: proposed recom-
mendations for symptomatic and long-term management. J Neurol Neurosurg Psy-
chiatry. 2021;92(8):897-907. doi:10.1136/jnnp-2020-325302

14. Irani SR, Michell AW, Lang B, et al. Faciobrachial dystonic seizures precede Lgi1
antibody limbic encephalitis. Ann Neurol. 2011;69(5):892-900. doi:10.1002/
ana.22307

15. Irani SR, Stagg CJ, Schott JM, et al. Faciobrachial dystonic seizures: the influence of
immunotherapy on seizure control and prevention of cognitive impairment in a
broadening phenotype. Brain. 2013;136(Pt 10):3151-3162. doi:10.1093/brain/
awt212

16. Gabilondo I, Saiz A, Galan L, et al. Analysis of relapses in anti-NMDAR encephalitis.
Neurology. 2011;77(10):996-999. doi:10.1212/WNL.0b013e31822cfc6b

17. Titulaer MJ, McCracken L, Gabilondo I, et al. Treatment and prognostic factors for
long-term outcome in patients with anti-NMDA receptor encephalitis: an observa-
tional cohort study. Lancet Neurol. 2013;12(2):157-165. doi:10.1016/S1474-
4422(12)70310-1

18. Hirose S, Hara M, Kamei S, Dalmau J, Nakajima H. Characteristics of clinical relapses
and patient-oriented long-term outcomes of patients with anti-N-methyl-D-aspartate
receptor encephalitis. J Neurol. 2022;269(5):2486-2492. doi:10.1007/s00415-021-
10828-8

19. Budhram A, Burneo JG. Acute symptomatic seizures, epilepsy, and autoimmune
encephalitis: clarifying terminology in neural antibody-associated disease. Epilepsia.
2023;64(2):306-310. doi:10.1111/epi.17478

20. de Bruijn M, van Sonderen A, van Coevorden-Hameete MH, et al. Evaluation of
seizure treatment in anti-LGI1, anti-NMDAR, and anti-GABABR encephalitis. Neu-
rology. 2019;92(19):e2185-e2196. doi:10.1212/WNL.0000000000007475

21. Binks SNM, Veldsman M, Easton A, et al. Residual fatigue and cognitive deficits in
patients after leucine-rich glioma-inactivated 1 antibody encephalitis. JAMA Neurol.
2021;78(5):617-619. doi:10.1001/jamaneurol.2021.0477

22. Finke C, Pruss H, Heine J, et al. Evaluation of cognitive deficits and structural hip-
pocampal damage in encephalitis with leucine-rich, glioma-inactivated 1 antibodies.
JAMA Neurol. 2017;74(1):50-59. doi:10.1001/jamaneurol.2016.4226

23. Miller TD, Chong TT, Aimola Davies AM, et al. Focal CA3 hippocampal subfield
atrophy following LGI1 VGKC-complex antibody limbic encephalitis. Brain. 2017;
140(5):1212-1219. doi:10.1093/brain/awx070

24. Heine J, Pruss H, Kopp UA, et al. Beyond the limbic system: disruption and functional
compensation of large-scale brain networks in patients with anti-LGI1 encephalitis.
J Neurol Neurosurg Psychiatry. 2018;89(11):1191-1199. doi:10.1136/jnnp-2017-
317780

25. Loane C, Argyropoulos GPD, Roca-Fernandez A, et al. Hippocampal network ab-
normalities explain amnesia after VGKCC-Ab related autoimmune limbic encepha-
litis. J Neurol Neurosurg Psychiatry. 2019;90(9):965-974. doi:10.1136/jnnp-2018-
320168

26. Sola-Valls N, Arino H, Escudero D, et al. Telemedicine assessment of long-term
cognitive and functional status in anti-leucine-rich, glioma-inactivated 1 encephalitis.
Neurol Neuroimmunol Neuroinflamm. 2020;7(2):e652. doi:10.1212/
NXI.0000000000000652

27. Gong X, Chen C, Liu X, et al. Long-term functional outcomes and relapse of anti-
NMDA receptor encephalitis: a cohort study inWestern China.Neurol Neuroimmunol
Neuroinflamm. 2021;8(2):e958. doi:10.1212/NXI.0000000000000958

28. Irani SR, Bera K, Waters P, et al. N-methyl-D-aspartate antibody encephalitis: tem-
poral progression of clinical and paraclinical observations in a predominantly non-
paraneoplastic disorder of both sexes. Brain. 2010;133(Pt 6):1655-1667. doi:
10.1093/brain/awq113

29. Nosadini M, Granata T, Matricardi S, et al. Relapse risk factors in anti-N-methyl-D-
aspartate receptor encephalitis. Dev Med Child Neurol. 2019;61(9):1101-1107. doi:
10.1111/dmcn.14267

30. Nosadini M, Eyre M, Molteni E, et al. Use and safety of immunotherapeutic man-
agement of N-methyl-d-aspartate receptor antibody encephalitis: a meta-analysis.
JAMA Neurol. 2021;78(11):1333-1344. doi:10.1001/jamaneurol.2021.3188

31. Thaler FS, Zimmermann L, Kammermeier S, et al. Rituximab treatment and long-
term outcome of patients with autoimmune encephalitis: real-world evidence from
the GENERATE registry.Neurol Neuroimmunol Neuroinflamm. 2021;8(6):e1088. doi:
10.1212/NXI.0000000000001088

Appendix (continued)

Name Location Contribution

Marie Rafiq,
MD

Neurology Department,
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Université Claude Bernard
Lyon 1, France

Drafting/revision of the
article for content,
including medical writing
for content; analysis or
interpretation of data

Jérôme
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