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Abstract

Objective

To study the factors associated with relapse and functional outcomes in patients with anti-
NMDA receptor encephalitis in Western China.

Methods

The Outcome of the anti-NMDA receptor Encephalitis Study in Western China was initiated in
October 2011 to collect prospective observational data from consecutively enrolled patients
with anti-NMDA receptor encephalitis.

Results

We consecutively enrolled 244 patients (median age: 26 years, range: 9-78 years; females: 128
[52.45%]) between October 2011 and September 2019. Fatality occurred in 17 (6.96%)
patients, and tumors were found in 38 (15.57%) patients. The median follow-up duration was
40 (6-96) months. Of these patients, 84.8% showed clinical improvements within 4 weeks after
immunotherapy, with a median modified Rankin Scale of 2 (interquartile range [IQR]: 2-3),
and 80.7% (median: 1, IQR: 0-2) and 85.7% (median: 0, IQR: 0-1) had substantial recovery
(i.e, mild or no residual symptoms) at 12 and 24 months, respectively. The overall prognosis
was still improving at 42 months after onset. Disturbance of consciousness during the first
month was the only independent predictor (OR: 2.91,95% CI: 1.27-6.6S; p = 0.01) of a poor
functional neurologic outcome. Overall, 15.9% of the patients had one or multiple relapses, with
82.0% experiencing the first relapse within 24 months and 76.9% experiencing relapses that
were less severe than the initial episodes. Relapse-related risk factors included the female sex
and delayed treatment (p < 0.0S).

Conclusions

Most patients achieved favorable long-term functional outcomes. Some patients experienced
one or multiple relapses, especially female patients. Timely immunotherapy at onset may
reduce the risk of relapse.
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Glossary

HR = hazard ratio; ICU = intensive care unit; IgG = immunoglobulin G; IQR = interquartile range; IVIg = IV immunoglobulin;
IVMP = IV methylprednisolone; MMF = mycophenolate mofetil; mRS = modified Rankin Scale; NMDAR = NMDA receptor;
ONE-WC = Outcome of anti-NMDAR Encephalitis Study in Western China; RTX = rituximab; SE = status epilepticus.

Anti-NMDA receptor (NMDAR) encephalitis is a recently
identified autoimmune disorder with characteristic clinical
features," which was first described in 2007 by Dalmau and
Bataller.” The target antigens in this disorder are neuronal
cell-surface proteins, and all patients have immunoglobulin G
(IgG) antibodies against the GluN1 subunit of the NMDAR.”
Most patients experience a viral-like prodrome (e.g., fever and
headache) as a prodromal symptom, followed by the de-
velopment of severe psychiatric symptoms, memory loss,
seizures, decreased consciousness, and dyskinesias.* Despite
the expanding knowledge base, the factors underlying disease
prognosis and relapse are poorly understood.

Previous reports describing the clinical characteristics, radiologic
features, tumor associations, treatment strategies, and relapse
rates have varied across populations.:"s’6 Previous reports in the
United States and Eu1rope779 showed that more than 80% of
patients were female, and 20%-59% of patients had tumors. Our
previous studies revealed a relatively higher proportion of males
(45.0%) and reduced tumor rates (15.0%); furthermore, only
15% of Chinese patients were admitted to the intensive care unit
(ICU), compared with 50%-77% in the other cohorts.'"" The
relapse rate in our study was 15.95%, whereas that in other
studies varied between 7.8% and 25%,'*"® even reaching
36.4%."* These phenomena may suggest that anti-NMDAR
encephalitis is heterogeneous among people of different races,
which could be due to the differences in genetic backgrounds or
due to the etiology of the disease. To date, large cohort studies
on the factors associated with relapse and functional outcomes in
patients with anti-NMDAR encephalitis in Western China are
lacking.

To obtain estimates of the functional outcomes associated with
anti-NMDAR encephalitis in Western China, a study named the
Outcome of anti-NMDAR Encephalitis Study in Western China
(ONE-WC study) was initiated in October 2011 to collect
prospective observational data from consecutively enrolled pa-
tients with anti-NMDAR encephalitis. As part of the ONE-WC
study, this study updates the clinical profiles of patients with anti-
NMDAR encephalitis in a large cohort size with a 9-year follow-
up. In addition, we particularly focused on patient functional
outcomes, relapse phenomena, and factors that may predict and

affect the risk of relapse.

Methods

Study Design and Participants
The ONE-WC study was registered with the World Health
Organization international clinical trial registry platform
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(registration number: ChiCTR1800019762) and was de-
scribed in more detail in our previous publications.'"**™"
Briefly, the ONE-WC study consecutively enrolled patients
with anti-NMDAR encephalitis from the Department of
Neurology at West China Hospital beginning in October
2011 and collected prospective observational data (e.g., de-
mographic information, clinical characteristics, treatment
strategy, and functional outcomes). Participants in this study
were recruited between October 2011 and September 2019.
We included patients who satisfied the criteria for definite
anti-NMDAR encephalitis according to definitions of auto-
immune encephalitis from a recent consensus statement.'®
The inclusion criteria were as follows'®: (1) acute onset of 1
or more of the following 8 major groups of manifestations:
psychosis, memory deficit, speech disturbance, seizures,
movement disorder, disturbance of consciousness, autonomic
dysfunction, and central hypoventilation; (2) CSF tests pos-
itive for NMDAR antibodies (cell-based assay); and (3) rea-
sonable exclusion of other disorders.

The exclusion criteria were as follows: (1) patients with HIV
infection, brain abscess, prion diseases, cerebral malaria, brain
tumor, or a diagnosis of a noninfectious CNS disease, such as
acute demyelinating encephalomyelitis; (2) patients with CNS
viral, bacterial, fungal, parasitic, or Mycobacterium tuberculosis
infection; (3) patients with encephalopathy secondary to sepsis
or systemic inflammatory response syndrome; (4) patients
diagnosed with epilepsy, cerebral trauma, and/or other nervous
system diseases before the onset of encephalitis; (5) patients
with positive serum and/or CSF laboratory tests for another
encephalitis:  a-amino-3-hydroxy-5-methyl-4-
acid receptor antibody encephalitis,
contactin-associated protein 2 antibody encephalitis, leucine-
rich glioma-inactivated protein 1 antibody encephalitis,
gamma-aminobutyric acid receptors B1/B2 receptor antibody
encephalitis, voltage-gated potassium channel complex anti-
body encephalitis, and glutamate decarboxylase antibody en-
cephalitis; and (6) patients lacking key clinical data.

autoimmune
isoxazol-propionic

Data Collection

The statuses of patients in the acute stage were obtained from
hospital medical records, and face-to-face interviews were con-
ducted by experienced neurologists. The standardized data col-
lection included (1) epidemiologic data such as sex, age at
disease onset, education, location, and ethnicity; (2) clinical data
such as typical symptoms (such as psychosis, memory deficits,
speech disturbances, seizures, movement disorders, disturbance
of consciousness, autonomic dysfunction, and central hypo-
ventilation)), cooccurrence of symptoms such as fever, headache,
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dizziness, ICU admission (including severe anti- NMDAR en-
cephalitis with ovarian teratoma requiring surgical operation,
status epilepticus [SE], mechanical ventilation requirement, and
autonomic instability), and other clinical phenotypes at onset,
number of relapses, clinical phenotype at relapse and at last
follow-up, and time to first relapse; (3) biological data such as
CSF cell count (pleocytosis >5 cells/mm®), open pressure,
glucose, chloride, and immunoglobulin G index; (4) MRI and
EEG results; (S) immunotherapies including first-line treat-
ments (corticosteroids, IV immunoglobulin [IVIg], and plas-
mapheresis alone or in combination), second-line treatments
(rituximab [RTX] and cyclophosphamide [CTX] alone or in
combination),”'® and long-term immunotherapies (immuno-
suppressants [mycophenolate mofetil (MMF), tacrolimus, and
CTX] or low-dose corticosteroids for at least 3 months).”

Evaluation Prognosis and

Operational Definitions

Follow-up information was evaluated every 3 months after
disease onset by a clinician and objectively assessed by the
treating neurologist. Clinical relapse was defined as new onset
or worsening of symptoms occurring after an initial im-
provement or stabilization of at least 2 months.'® If patients
reported clinical worsening or relapse, an extra visit was
scheduled, and they were assessed by a relapse questionnaire
designed for this study. The questionnaire included the fre-
quency of relapses, number of events, time to relapse, clinical
data at relapse, and treatment at relapse. Thorough clinical
and laboratory examinations were conducted to rule out other
etiologies and to validate the diagnosis of relapse.

Clinical functional outcomes were assessed through the modified
Rankin Scale (mRS)," which was used to classify patients who
were able to walk without aid (mRS <2) or needed assistance
while walking (mRS >3) (0 = asymptomatic; 1 = nondisabling
symptoms that do not interfere with lifestyle; 2 = minor disabling
symptoms that lead to some restriction of lifestyle but do not
prevent totally independent existence; 3 = symptoms significantly
interfering with lifestyle or preventing totally independent exis-
tence; 4 = moderately severe disabling symptoms that clearly
prevent independent existence with total support needed for basic
daily activities; 5 = severe disabling symptoms, totally dependent
and requiring constant attention day and night; and 6 = death due
to neurologic symptoms). A poor response to immunotherapy
was defined as no improvement in the mRS score or an mRS
score >4 for 4 weeks; clinical improvement was defined as a
decrease in the mRS score >1 point from that at the previous
visit.”'* Long-term favorable and poor functional outcomes were
defined as an mRS score of <2 and an mRS score of >2 at 12
months of follow-up, respectively.”'* Early treatment was defined
as the initiation of immunotherapy within 30 days of onset.”® We
defined the use of 3 or more different immunotherapies as the
combination of at least 3 of the abovementioned agents.**

Statistical Analysis
Data were entered in an Excel spreadsheet and analyzed with
SPSS IBM 20.0, and figures were generated with GraphPad
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Prism 7 and Origin 2019. Quantitative data with normal
distributions are presented as mean * SD, otherwise as the
median with the range. Symptoms and demographic data
were analyzed using the x” test, x* analysis with continuity
correction or Fisher’s exact test for categorical variables where
applicable, and the Mann-Whitney U test for continuous
variables. Factors affecting functional outcomes were assessed
using univariate logistic regression. Predictor variables with p
values below 0.10 as determined by univariate analysis were
included in the multivariate logistic regression analysis, which
was used to evaluate independent predictors of long-term
functional outcomes for patients with NMDAR encephalitis
after adjusting for potential confounding factors.

According to the main objective of the study, demographic,
clinical, and treatment data at disease onset were considered
predictors of time to relapse. In the analysis of survival from
the first event, the follow-up times were as follows: for re-
lapsing patients, the time to first relapse; for relapse-free pa-
tients, the time to last follow-up. The follow-up times for the
relapse analysis were calculated with the Kaplan-Meier
method.*” The factors predictive of survival from the first
relapse were analyzed by univariate Cox regression. Multi-
variate analysis was not performed in view of the low number
of patients with relapses.23 Subgroup analyses of predictive
factors were also performed in cases that relapsed early
(within 3-6 months) and later. p < 0.0S was considered
significant.

Standard Protocol Approvals, Registrations,
and Patient Consent

Approval for this study was provided by the Research Ethics
Committee of the Medical School of Sichuan University. In-
formed consent was obtained from each patient. All the data
analyzed in the study were strictly anonymous.

Data Availability

The authors confirm that the data supporting the findings of
this study are available within the article and from the cor-
responding author upon reasonable request.

Results

Demographic and Clinical Characteristics

A total of 244 patients were enrolled. Table 1 describes the
patient demographic and clinical characteristics in detail. The
proportions of patients with cumulative clinical symptoms
during the first month of disease stratified by different ages at
onset are shown in figure 1A. The figure shows increasing
trends for the proportions of patients with central ventilation,
autonomic symptoms, and cognitive disorders as patients
aged. By contrast, the proportions of speech disturbance and
seizures decreased with age.

Figure 1B shows the distributions of the presence or absence
of tumors in patients by age and sex. Tumors were found in 38
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Table 1 Comparisons of the Clinical Data From Patients With Anti-NMDA Receptor Encephalitis in Different Age Groups

No. of patients (%)

All (n = 244) Age <18 (n =43) Age 218 (n = 201) p Value
Demographic data
Age, y, median (IQR) 26 (9-78) 16 (9-18) 29 (19-78)
Sex (female) 128 (54.50) 27 (49.09) 101 (53.43) 0.27°
Symptoms®
Fever 95 (38.9) 19 (43.2) 76 (38.0) 0.43?
Headache 89 (36.5) 5(11.6) 84 (41.8) 0.001?
Ataxia 6(2.5) 1(2.3) 5(2.5) 1.00°
Limb weakness 13(5.3) 12.3) 12 (6.0) 0.47°
Limb numbness 3(1.2) 1(2.3) 2(1.0) 0.47°
Cognitive disorder 161 (66.0) 25 (58.1) 136 (69.7) 0.142
Dizziness 17 (7.0) 0(0) 17 (8.5) 0.04¢
Disturbance of consciousness 100 (41.0) 22 (51.2) 78 (38.8) 0.13°
Speech disturbance 60 (24.6) 11 (25.6) 49 (24.4) 0.862
Dyskinesias and movement disorders 98 (40.2) 18 (41.9) 80 (40.0) 0.82°
Sleep disorders 92 (37.7) 18 (41.9) 74 (36.8) 0.53?
Seizures 186 (76.2) 31(72.1) 155(77.7) 0.48°
Focal onset 91 (37.3) 19 (47.5) 72 (35.8) 0.16°
Generalized onset 155 (63.5) 27 (64.3) 128 (63.7) 0.94°
Epileptic state 73(29.9) 20 (47.6) 53 (26.4) 0.006%
Psychosis 222(91.0) 38 (88.4) 184 (91.5) 0.51°
Mania 106 (43.4) 20 (46.5) 86 (42.8) 0.65°
Depression 27 (11.1) 2(4.7) 25(12.4) 0.18°
Hallucinations 203 (83.2) 36 (83.7) 167 (83.1) 0.91°
Autonomic dysfunction, 21 of the following 118 (48.4) 18 (41.9) 100 (49.8) 0.34°
Hyperhidrosis 114 (46.7) 22 (51.2) 92 (45.8) 0.527
Tachycardia 61 (25.0) 5(11.6) 56 (27.9) 0.02°
Urinary retention or hesitation 56 (23.0) 7 (16.3) 49 (24.4) 0.25°
Hyponatremia 38(15.6) 5(11.6) 33(16.4) 0.43?
Central hypoventilation 41 (16.8) 4(9.3) 37 (18.4) 0.14°
Admission to the intensive care unit 35(14.3) 2(4.7) 33(16.4) 0.04°
Complication 176 (72.1) 30 (68.2) 146 (73.0) 0.31°
Tumor 38(15.6) 7(16.3) 31(15.4) 0.88?
Teratoma 27 (11.1) 5(11.6) 22(10.9) 0.89°
Auxiliary examinations
Abnormal MRI 104 (42.6) 19 (44.2) 85 (42.2) 0.812
Abnormal EEG 188 (77.0) 32 (74.4) 156 (77.6) 0.652
Abnormal CSF 127 (52.0) 20 (45.5) 107 (53.5) 0.40°
Continued
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Table 1 Comparisons of the Clinical Data From Patients With Anti-NMDA Receptor Encephalitis in Different Age Groups

(continued)
No. of patients (%)
All (n = 244) Age <18 (n =43) Age 218 (n = 201) p Value
Treatment 0.06¢
No treatment 10 (4.1) 0(0.0) 10 (5.0)
IVig alone 80 (32.8) 17 (39.5) 63 (31.3)
IVMP alone 29(12.3) 1(2.3) 28 (13.9)
IVIg combined with IVMP 125 (50.8) 25 (56.8) 100 (49.5)
23 different immunotherapies 22(9.0) 3(6.8) 19 (9.5) 0.77°
mRS on admission, median (IQR) 4 (4-5) 4 (4-5) 4 (4-5) 0.95¢
Length of hospital stay, d, mean + SD 28.5 +30.1 29.0 £32.2 26.0+17.6 0.61¢
Poor response to treatmentf 37(15.2) 4(9.3) 33(16.4) 0.23°

Abbreviations: IQR = interquartile range; IVIg = IV immunoglobulin; IVMP = IV methylprednisolone.

Bold entries indicate p < 0.05.

2 Pearson'’s x° test.

® Chi-squared test with continuity correction.

¢ Fisher's exact test.

9 Mann-Whitney U test.

¢ The cumulative symptoms during the first month of the disease.

f A poor response to immunotherapy was defined as no improvement in the mRS score or an mRS score of >4 for 4 weeks.

(15.6%) patients and predominated in females (p < 0.05); 28
females had ovarian teratomas and 1 male had mediastinal
teratoma. The remaining 9 tumors (23.1%) were as follows: 3
lung cancers (2 with small cell lung cancer and 1 with lung
adenocarcinoma); 2 thyroid tumors; 1 thymoma; 1 brain
glioma; 1 adrenal carcinoma, and 1 bladder cancer. All the
patients with the remaining 9 tumors were older than 40
years.

Comparisons of the differences between male and female
patients are summarized in table e-1 (links.lww.com/NXI/
A412). There was no sex ratio difference in our cohort (fe-
male vs male: 128 [52.4%] vs 116 [47.5%]). The average age
at onset in male patients was younger than that in female
patients (24.5 vs 30.8, respectively, p = 0.04). Abnormalities in
MRI, CSF examinations, and the frequency of seizures were
found to be more prevalent in male patients (p < 0.05).
However, the frequencies of other symptoms, including
treatment, immunotherapy response, baseline mRS, and
hospitalization time, were not significantly different between
males and females.

Neurologic Functional Outcomes and Factors
Associated With a Poor Long-term

Functional Outcome

The median follow-up duration was 40 months (6-96
months), and the median mRS scores at baseline and at 4
weeks after the initial immunotherapy were 4 and 2, re-
spectively. To investigate the long-term prognosis of patients
with this disease, the mRS scores were evaluated over time
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and stratified by whether the patients had recurrence, and
these results are summarized in figure 1, C-E. Overall, 80.7%
and 85.7% of patients had attained favorable neurologic
functional outcomes (mRS of 0-2) at 12 and 24 months of
follow-up, respectively. The overall prognosis was still im-
proving at 42 months after onset. The median mRS score at
the 24-month follow-up was 0, which was significantly lower
than the score of 4 (range: 2-5) at onset (Wilcoxon test: Z =
~12.839, p < 0.0001).

In total, 17 patients died, most of whom died because of
disease progression and complications. Seven patients died in
the ICU within 6 months of follow-up after disease onset (3
died of sepsis, 2 died of acute respiratory distress, and 2 died of
refractory SE). Four patients died after the withdrawal of
medical support, and 3 patients committed suicide. Three
patients died of other causes (1 due to acute myocardial in-
farction, 1 due to accidental death, and 1 due to pneumonia).
All patients with tumors underwent removal surgery, and 1
patient with lung cancer died. Sequela and deficits included
speech disturbances (n = 22), movement disorders (n = 6),
psychiatric symptoms (n = 7), memory deficits (n = 40), and
seizures (n = 6).

Table 2 summarizes the comparisons between the patients
with favorable and poor clinical functional outcomes among
225 patients with anti-NMDAR encephalitis at the 12-month
follow-up. The patients with worse neurologic functional
outcomes (mRS 3-6) had a higher rate of pleocytosis (Z =
363, p = 0.0S) and higher frequencies of central
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Figure 1 Demographic and Clinical Outcomes Evaluated at Different Follow-up Points (3, 6, 12, 18, 24, and 48 Months After
Disease Onset) of 244 Patients With Anti-NMDA Receptor Encephalitis
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(A) The proportions of patients with cumulative clinical symptoms stratified by different ages at onset. (B) The distributions of patients by age, sex, and the
presence or absence of tumors. The modified Rankin Scale scores of the patients with anti-NMDA receptor encephalitis at different follow-up points are
shown in (C) for all patients and stratified by patients with (D) a monophasic course and (E) a relapsing course.

hypoventilation (Z = 3.89, p = 0.04), disturbance of con-
sciousness (Z = 8.49, p = 0.04), and SE (Z = 3.35, p = 0.05)
during the first month of the disease than the patients with
favorable neurologic functional outcomes (mRS 0-2). Finally,
disturbance of consciousness was the only independent pre-
dictor after performing multivariate logistic regression anal-
ysis (OR: 2.91, 95% CI: 1.27-6.65; p = 0.01). Multivariate
analyses of independent predictors of poor functional out-
comes are shown in table e-2 (links.lww.com/NXI/A412).
Although there were no significant differences in the rates of
ICU admission and the presence of tumors between the 2
groups, these parameters were higher in patients with poor
functional outcomes than in those with favorable functional
outcomes.

Relapse

In total, 39 patients (39/244, 15.9%) relapsed. The median
duration from onset to the first relapse was 11 (range:
2-38) months. During the first 24 months, 32 (82.0%)
patients experienced an initial relapse. However, after 3
years of onset, 1 female patient in our cohort still relapsed.
The median age at relapse was 26 (range: 12-71) years. Of
the relapsed patients, 27 (65.8%) were female, and 2 had
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ovarian teratomas and tumor removal at disease onset.
Nine patients had 2 or more relapse events (23.1%; range:
2-3 episodes). Of the 36 patients who underwent lumbar
puncture, CSF antibodies were detected in 34 (87.2%). All
39 patients with relapse underwent serum antibody moni-
toring, and 13 of 39 (33.3%) patients showed elevated
antibody titers at relapse during serial serum testing. MRI
was abnormal in only 8 (20.5%) patients with relapse, and
no ovarian teratoma was detected in the patients at relapse.

In relapsing patients with data available at both the first and
second events, 30 (76.9%) of 39 relapses were less severe than
the initial episodes (figure 2). The mRS score at the second
event was significantly lower (median mRS: 2, mean: 2.38,
range: 2-4) than that at onset (median mRS: 4, mean: 3.87,
range: 2-5). The rate of ICU admission was much lower at the
second event (1/39) than at the initial event (7/39), and
symptom expression was overall more limited at the second
event than at the first event (table e-3, links.lww.com/NXI/
A412). The initial median hospitalization duration was 29
(range: 6-82) days, and the subsequent hospitalization duration
was 11 (range: 4-38) days, which was shorter than the initial
duration.
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Table 2 Factors Associated With Poor Clinical Outcomes at the 12-Month Follow-up in 225 Patients With Anti-NMDA
Receptor Encephalitis

No. of patients (%) Univariate analysis
Favorable outcome (n = 191) Poor outcome (n = 34) Zvalue p Value
Age, y, median (range) 27 (9-78) 24 (12-71) 0.06 0.79
Sex (female) 86 (44.5) 18 (52.9) 0.72 0.39
Symptoms?
Fever 66 (34.5) 18 (52.9) 0.72 0.39
Headache 71(37.2) 12 (35.3) 0.04 0.83
Dyskinesias and movement disorders 73 (38.2) 17 (50.0) 0.89 0.34
Ataxia 5(2.6) 1(2.9) 0.01 0.91
Limb weakness 2(1.0) 1(2.9) 0.93 0.33
Limb numbness 2(1.5) 1(2.9) 0.72 0.39
Cognitive disorder 128 (67.0) 20 (58.8) 0.85 0.35
Dizziness 12(6.3) 3(8.8) 0.29 0.58
Disturbance of consciousness 76 (39.8) 23 (67.6) 8.49 0.004
Sleep disorders 70 (36.6) 15 (44.1) 0.68 0.40
Seizures 147 (76.9) 26 (76.4) 0.004 0.95
Focal onset 124 (64.9) 21(61.7) 0.15 0.69
Generalized onset 71 (37.1) 19 (55.9) 0.04 0.84
Epileptic state 52 (27.2) 15 (44.1) 3.35 0.05
Psychosis 174 (91.1) 30(88.2) 0.27 0.59
Mania 82 (42.9) 17 (50.0) 0.42 0.51
Depression 24 (12.5) 1(2.9) 2.24 0.13
Hallucinations 160 (83.7) 27 (89.4) 0.38 0.53
Autonomic dysfunction, 21 of the following 93 (48.7) 19 (55.8) 0.24 0.62
Hyperhidrosis 85 (44.5) 19 (55.9) 1.48 0.22
Tachycardia 49 (25.6) 8(23.5) 0.06 0.79
Urinary retention or hesitation 40 (20.9) 11 (32.3) 2.10 0.14
Constipation 39 (20.4) 8(23.5) 0.44 0.68
Hyponatremia 31(16.2) 5(14.7) 0.05 0.82
Central hypoventilation 29(15.2) 10 (29.4) 2.32 0.04
Admission to the intensive care unit 27 (14.1) 3(8.8) 0.69 0.40
Auxiliary examinations
MRI total with abnormal findings 78 (40.8) 15 (44.1) 0.09 0.75
CSF analysis with abnormal findings
Intracranial open pressure (mmH,0) 58 (30.3) 15 (44.1) 2.44 0.18
WBC (x10°/L) 91 (47.6) 22 (64.7) 3.63 0.05
Protein (g/L) 53 (27.7) 9(26.4) 0.02 0.87
EEG with abnormal findings 147 (76.9) 23 (67.6) 0.03 0.85
Continued
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Table 2 Factors Associated With Poor Clinical Outcomes at the 12-Month Follow-up in 225 Patients With Anti-NMDA

Receptor Encephalitis (continued)

No. of patients (%)

Univariate analysis

Favorable outcome (n =191) Poor outcome (n = 34) Zvalue p Value
Tumor 29 (15.1) 7 (20.5) 0.62 0.43
Teratoma 21(10.9) 4(11.7) 0.10 0.89
Acute immunotherapy
First immunotherapy day 230 d from onset 79 (41.3) 14 (41.2) 0.01 0.98
Treatment modalities 1.64 0.53
IVMP alone 25(13.1) 2(5.9)
IVIg alone 64 (33.5) 14 (41.1)
IVMP combined with IVig 94 (49.2) 18 (52.9)
No treatment 8 (4.2) 0(0.0)
23 different immune therapies at the first event 16 (6.6) 3(14.9) 0.93 0.42

Abbreviations: IVIg = IV immunoglobulin; IVMP = IV methylprednisolone; WBC = white blood cell.

Bold entries indicate p < 0.05.
@ The cumulative symptoms during the first month of the disease.

At the second disease event (first relapse), all 39 patients with
relapse received immunotherapy and underwent reinitiation
of the first-line immunotherapy, and among these patients,
only 8 received second-line agents (RTX: 4; CTX: 4). There
was no significant difference in further relapse risk between
the patients treated with and without second-line immuno-
therapy (3/8 [37.5%] vs 6/31 [19.3%], Fisher’s exact test: p =
0.35). Seven patients were also given long-term MMF, and 2
patients were given long-term tacrolimus. There was also no
significant difference in the occurrence of subsequent relapse
between MMF/tacrolimus-treated patients and other patients
(3/9 [33.3%] vs 6/30 [20%], Fisher’s exact test: p = 0.7).
However, 1 patient experienced a second relapse during the
MMEF withdrawal period. The detailed disease and treatment
courses for patients with relapse are shown in figure 2.

Cox regression analysis suggested that the female sex (hazard
ratio [HR]: 0.42, 95% CI: 0.20-0.87; p = 0.02, figure 3A) and
a delay in treatment (HR: 0.41, 95% CI: 0.21-0.78; p = 0.005,
figure 3B) were significantly associated with an increased risk
of relapse. The factors predictive of survival from the first
relapse were verified by Cox proportional hazard analysis and
are presented as a forest plot in figure e-1 (links.lww.com/
NXI/A410).

To avoid inclusion of potential viral infection or incomplete
initial treatment as relapse cases, we separated the patients
who relapsed early with antibody negativity, suggesting
pseudorelapse or incomplete initial treatment (within 2-6
months; n = 13) from those who relapsed later with auto-
antibodies in their CSF (and therefore may be more truly
representative of relapse; n = 26). Examining the subsets
separately revealed the same predictive factors for all clinical
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relapse patients and for patients who relapsed late (female
[HR: 0.30, 95% CI: 0.16-0.79; p = 0.01] and experienced
delayed treatment [HR: 0.20, 95% CI: 0.09-0.44; p =
0.0001]). However, the female sex and delayed treatment
predictive factors were not significantly different for patients
who relapsed early. Although neither nontumor (HR: 0.20,
95% CI: 0.07-0.57; p = 0.08, figure e-2A, linkslIww.com/
NXI/A411) nor treatment modalities (no treatment [HR:
0.34, 95% CI: 0.55-2.44; p = 0.29, figure e-2B] or patients
with more than 3 different immunotherapies [HR: 3.01, 95%
CI: 0.74-12.17; p = 0.12, figure e-2C] at the first onset) were
not statistically associated with the reported relapse fre-
quency, all figures were slightly higher in the relapse group.

Discussion

This study updated the clinical features of patients with anti-
NMDAR encephalitis in Western China in a large cohort and
prospectively reported the long-term functional outcomes
and relapses. The main findings of the study are as follows: (1)
There were differences in demographic data between our
cohort and Western countries, with more males and a lower
tumor frequency prevailing in our cohort. The male patients
were much younger and showed more abnormal ancillary
tests and less frequent tumors than females at disease onset.
(2) Symptom presentation varied between children and
adults, and most patients achieved substantial recovery during
the long-term follow-up, which was in line with the studies of
Western countries. The overall prognosis continued to im-
prove through 42 months after onset. (3) The patients with
disturbance of consciousness at onset remained in a poor
neurologic status in the long term. (4) Relapses occurred in
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Figure 2 Disease and Treatment Courses in 39 Patients With Relapsing Disease

A Disease event

’ RTX

»Op cYc
J vmp MMF
JLvic P Last follow-up
® Tumor therapy ® Tacrolimus
JoL N R R
8(48M) Al A 0
9(44F) M7 A 5
24250 M A
36(9F M 0 3 il
47 (44F) MY A A
57 (60,M) ﬁ; ' Uy 1
61(49.) N” A
64 (46M) AP D A @@
6546, A 3
7044F)  NT il A q
81(39,F) T A T
86 (37,F) i ]
oo - 2 me #.
91 (36M A ' 0
95(34M) AT A il
3 100E2n AT A
;’} 1260 N ] A .
oo 11426M) AT A A g
A 115250 A A
= 12504F) M A
g 133@2p M- N 0 g
S 134@2h BT A
14020,F) AV & g
141 (19,F) y A
142 (19,F) 'Y N A . L
146 (18,F) pH P! n
147 (18F) N~
155 (16,M) A\ v A
169 (12,M) M P a
17971.M) A A 5
19538, M) A1 A_lL@
20129 M A T

210026F) N A T
A A

213250 M A L@

215 (25,F) 1 A 5

221230 M A
2290197 A %},

232 (18.M) A P

)

0 3 6 9 12

18 21 24 27 30 33 36

Time elapsed after onset of anti-NMDAR (months)

Each line shows 1 disease and the treatment course of the patient with relapse. The black triangles represent a disease event, which included the disease
initial onset and relapse episode. The numbers in the triangles and squares represent the modified Rankin Scale scores during the event and at last follow-up,
respectively. CYC = cyclophosphamide; IVIG = IV immunoglobulin; IVMP = IV methylprednisolone; MMF = mycophenolate mofetil; NMDAR = NMDA receptor;

OP = oral prednisone; PE = plasma exchange; RTX = rituximab.

approximately one-sixth of patients and were generally milder
than at onset. In particular, delayed treatment and female sex
were risk factors for relapse.

According to most previous studies, patients with anti-
NMDAR encephalitis are predominantly young females.
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However, no sex difference was found in our cohort, which is
in agreement with previous Asian countries’ reports on adult-
onset patients in Korea® and on children with anti- NMDAR
encephalitis in China.** In addition, we found that male pa-
tients presented much younger and less frequently exhibited
tumors than females at disease onset. Abnormal MRI, EEG,
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Figure 3 Kaplan-Meier Curves Showing the Frequency of
Relapse-free Disease in 244 Patients With Anti-
NMDA Receptor Encephalitis
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The plots show that patients who (A) were female and (B) had delayed im-
munotherapy were associated with an increased risk of relapse.

and CSF analyses were reported in 42.21%, 77.04%, and 47.54%
of the patients in our study, respectively, and male patients
appeared to have more abnormal ancillary test results than fe-
male patients. Signals of atypical MRI findings, such as meninx
enhancement, pituitary lesions, and nonspecific periventricular
white matter lesions, were also included in our study, which did
not have clinicopathologic significance (table e-4, links.lww.
com/NXI/A412). In our study, many more male patients lived
in rural areas, were exposed to poor sanitation and living con-
ditions, and were susceptible to viral infection. In addition, most
male patients had smoking habits. All these factors might be
associated with frequent ancillary test abnormalities. Compared
with that in Western study populations,””>* the prevalence of
tumors (8% before 2015'° and 15.57% through 2019) was still
much lower in our study, but it was similar to that reported in
other Asian populations (Lim et al,, 22.7%; Xu et al., 19.5%; and
Wang et al,, 1.9%).51%142¢ These phenomena and discrepancies
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between different populations thereby indicate that genetic
background characteristics (e.g, sex hormones, tumors, and
human leukocyte antigens) may attribute to susceptibility to
anti-NMDAR encephalitis, and viral infection could also trigger
the disease.>”>*>°

Symptom presentation varied between children and adults.
The most common clinical profile of the adolescents with
anti-NMDAR encephalitis in our study was more neurologic
disorders (e.g., fever, sleep disorder, seizures, and disturbance
of consciousness), whereas adults presented with more psy-
chiatric and cognitive disorders, which aligns with previous
findings.”***® In a previous study, ataxia, dyskinesias, and
movement disorders were more frequently exhibited in chil-
dren. However, there were no differences in our study,
probably because our cohort did not include patients younger
than 9 years. We reported that 48.4% of patients displayed
autonomic symptoms, and other studies on anti-NMDAR
encephalitis also reported elevated incidences of autonomic
dysfunction (Titulaer: 37%—-48%; Dalmau: 69%).>7

In this series of patients, 84.8% showed clinical improvement
within 4 weeks after beginning immunotherapy, and 80.7% and
85.7% exhibited substantial recovery (i.e, mild or no residual
symptoms) at 12 and 24 months, respectively. The overall
prognosis continued to improve through 42 months after on-
set, which also agrees with the findings in other previous studies
(75%-93%).”"* In Western countries, general clinical im-
provements of 50%—-60% within 4 weeks have been reported.
This is likely because the baseline characteristics of the Western
cohort (the median mRS on admission was 5, and the ICU
admission rate was 50%—77%) were more severe than those in
our cohort (the median baseline mRS was 4, and only 15%
were admitted to the ICU). Thus, our results might not be
applicable to Western populations. Moreover, different pop-
ulations with varied genetic backgrounds and other external
factors (e.g, lifestyle, metabolism, and diet) might also respond
differently to treatment. Therefore, more research is required
to understand the mechanisms underlying disease initiation,
aggravation, and progression in different populations.

The mortality of anti-NMDAR encephalitis in our cohort was
also low (only 6.9% in our study; 7% in the study by Titu-
laer”). In previous studies, the predictors of good functional
outcomes were the lack of ICU admission and early treat-
ment,” whereas the poor functional outcome predictors were
memory deficits, disturbance of consciousness, young age,
and high CSF and serum titers.>”"> In our study, disturbance
of consciousness (an indication of ICU admission) was an
independent predictor of poor functional outcomes, which
was in line with previous research, whereas young age and
cognitive disorders did not predict poor functional outcomes.
Our study showed that patients of older ages at disease onset
had higher frequencies of ICU admission, and older age was
associated with worse functional outcomes. However, only
children from 9 years of age and older were included because
younger children were all referred to other children’s
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specialist hospitals. This fact might also relate to the lack of
significance between being of a younger age and poor func-
tional outcome.

Our study showed a relapse rate of 15.9%. Most (82.0%)
patients experienced an initial relapse during the first 24
months. Titulaer et al. followed their cohort for a median
time of 2 years, and 12% of the patients with anti- NMDAR
encephalitis experienced clinical relapse. The relapse rate
reported in other studies varied between 20% and 25%,'>"3
even reaching 36.4%.* With regard to treatment modalities,
the risk of further relapse was elevated in those who did not
receive immunotherapy at onset in the cohort described by
Gabilondo et al.*® and in patients who did not receive ag-
gressive immunotherapies at the first episode as described by
Nosadini et al.>'; these results also echoed those observed in
our cohort (delayed treatment [HR: 0.41, 95% CI:
0.20-0.75; p = 0.01]; figure 3B). Therefore, timely and ag-
gressive immunotherapies might be beneficial for patients
with anti-NMDAR encephalitis. Notably, females had an
increased risk of recurrence in our follow-up study, which
indicated that sex hormones and other genetic background
factors may also affect susceptibility to relapses. Compared
to Western populations, lack of treatment and lack of
second-line immunotherapies during the initial episode were
not statistically associated with an increased relapse fre-
quency. These differences were probably due to the small
number of patients not receiving immunotherapy (n = 10)
or using second-line immunotherapies and plasma exchange
at onset (n = 22), as well as due to reduced tumor incidences
(n = 38), in our cohort.

However, the current proposed definition of clinical re-
lapse is not based on the presence of antibodies in the
CSF but rather on observations and manifestations of
symptoms.”'>"'*?!  Therefore, the reported
15.9% relapse rate in our study, along with other earlier
studies (12%-35%), might have been diagnosis bias
partially if antibodies in the CSF were lacking because the
disease is caused by antibodies. In this cohort, we ob-
served 2 patients with antibody negativity and 3 patients
without CSF retesting who experienced early relapse
(within 3-6 months). These patients performed a clinical
relapse but lacked antibody evidence; thus, pseudor-
elapse may have occurred because of viral infection, in-
complete initial treatment, and so on. Therefore, we
divided the subjects into those who relapsed early and
those who relapsed later in the hope of revealing more
convincing predictive factors and potentially better
aligning with relapse data from other studies.

clinical

In our study, different treatment modalities at disease
onset were not considered to be predictors of time to re-
lapse because such an analysis would have increased the
false positive rate. In addition, selective treatment bias
occurred in our cohort because of the observational and
nonrandomized controlled nature of the study. In our
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cohort, different treatment modalities were statistically
associated with sex (as shown in table e-1, links.lww.
com/NXI/A412). The mRS scores at baseline were also
significantly different among the IV methylprednisolone
(IVMP) alone, IVIg alone, and IVIg + IVMP groups
(analysis of variance: p < 0.05).

Despite substantial progress in understanding this disease,
many questions remain, and our study has several limitations.
First, there was no significant difference in the subsequent
recurrence rates between second-line and MMEF/tacrolimus-
treated patients and other patients in our study, and only a
relatively small proportion of patients received second-line or
long-term noncorticosteroid regimen therapy. This may be
because CTX and RTX are off-label drugs in China and pa-
tients fear their cost or adverse effects. Second, it is inevitable
that in clinical practice, patients with anti-NMDAR enceph-
alitis and neurologic worsening are more likely to be classified
as having autoimmune-mediated relapse rather than viral in-
fection. Thus, to validate relapse and rule out other potential
causes, we need to both dynamically observe autoantibodies
in the CSF and perform PCR testing to detect herpes simplex
virus. Finally, mRS as a primary outcome measure might
overshadow findings on relapse and opens the study up to
criticisms of the relevance of identifying predictors of poor
outcomes in the setting of an incomplete outcome measure.
Data have shown that mRS outcomes do not correlate with
cognitive, behavioral, psychosocial, or quality of life
outcomes.'”'”'® To better assess and detect potential risk
factors related to prolonged cognitive deficits, neuropsychi-
atric symptoms, or seizure recurrence symptoms, using a
more specific questionnaire and detailed evaluations is nec-
essary (e.g., Neuropsychiatric Inventory, Cognitive Impair-
ment Rating Scale, Montreal Cognitive Assessment, and
National Hospital Seizure Severity Scale). Despite these
limitations, we describe the clinical profiles, long-term out-
comes, and relapse in the largest group of Chinese patients
with anti-NMDAR encephalitis in China (n = 244) examined
to date, which promotes a deeper understanding of the
prognosis of this disease.
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