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Summary
Background Anti-N-methyl-D-aspartate receptor (anti-NMDAR) encephalitis is a severe disease that primarily affects 
young people and can improve with adequate treatment. We aimed to refine the anti-NMDAR Encephalitis One-year 
functional Status (NEOS) score by developing NEOS2, an updated model using readily available data at the time of 
diagnosis. We assessed the predictive value of the NEOS2-score for (1) improvement following first-line treatment, 
(2) functional outcome at one-year follow-up, and (3) resumption of school or work within three years.

Methods In this international (France, Germany, Japan, the Netherlands and Spain) cohort study in patients with a 
definite anti-NMDAR encephalitis diagnosis (according to the clinical criteria plus antibody testing in CSF), we
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performed logistic regression analyses to develop and validate multivariable models to predict -based upon variables 
available at diagnosis- short (ΔmRS two weeks after first-line treatment), middle (modified Rankin Scale [mRS] at 
one year), and long-term (return to school or work within three years) outcomes. We included clinical variables and 
biomarkers available at diagnosis.

Findings We included 702 patients (mean age 23 years, 95%-CI 2–69; 79% female, 21% male) diagnosed between the 
discovery of the disease in 2007 and 2022. Most patients (96%; 672/702) had received first-line immunotherapy, and 
38% (233/615) showed improvement within two weeks. One year after diagnosis, 80% (517/644) had a favourable 
functional outcome (mRS≤2). At three years, 73% (203/278) had resumed work/school. In multivariable analysis, 
higher age (odds ratio [OR] 0⋅35, 95%-CI 0⋅29–0⋅43, p < 0⋅0001), treatment delay (OR 0⋅49, 95%-CI 0⋅41–0⋅58, 
p < 0⋅0001), movement disorders (OR 0⋅32, 95%-CI 0⋅24–0⋅41, p < 0⋅0001), ICU-requirement (OR 0⋅34, 95%-CI 
0⋅26–0⋅44, p < 0⋅0001) and increased CSF leucocyte count (OR 0⋅65, 95%-CI 0⋅60–0⋅71, p < 0⋅0001) 
independently predicted poorer outcomes (NEOS2, accuracy AUC 80%, 95%-CI 75–86%). The same variables, 
excluding age, were relevant in predicting improvement following first-line immunotherapy (NEOS2-T AUC 
81–84%, 95%-CI 77–86%). Return-to-work or -school served as a useful measure of longer-term outcomes, 
predicted with equal accuracy as one-year functional outcome (NEOS2-W AUC 80%, 95%-CI 75–85%). The 
NEOS2-score, applied as an ordinal measure, enabled nuanced predictions of outcome probabilities across the 
score spectrum, ranging from a high (80%; n = 20/25) likelihood of improving after first-line immunotherapy 
and achieving a good outcome (100%; n = 32/32) to a high risk of first-line treatment failure (97%; n = 77/79) 
and no return to school/work (94%; n = 15/16).

Interpretation The NEOS2-score, readily available at diagnosis and easy to apply, can identify patients with either a 
favourable or poor prognosis, and those who may benefit from early intensified treatment. The value of the NEOS2-
score for guiding treatment decisions and as a stratification tool in studies on optimal treatment regimens, should 
be confirmed in further prospective studies.

Funding This study was funded by Dioraphte (charity; project 2001 0403).

Copyright © 2025 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/).
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Introduction
Anti-N-methyl-D-aspartate receptor (anti-NMDAR) en-
cephalitis is a severe but treatable disease. 1,2 It is one of 
the most prevalent types of autoimmune encephalitis, 
which incidence has increased due to enhanced 
awareness and recognition of the disorder. 3,4 Despite 
being potentially reversible with prompt immuno-
therapy, 1 the disorder can be lethal and frequently re-
sults in persisting sequelae. Although functional 
neurological outcomes are good –around 80% of pa-
tients are independent after a year–, a similar propor-
tion of patients continue exhibiting persistent cognitive 
and neuropsychiatric deficits. 1,5–8 A third of patients 
does not return to work or school, and additional pa-
tients need adjustments. 5,8,9 This is especially relevant as 
most anti-NMDAR encephalitis patients are young. 

The prognosis of anti-NMDAR encephalitis has 
been associated to several person- and disease-related 
factors. The probability of a good outcome decreases 
with age, 3,10 and younger children also have a poorer 
outcome. 1,11 A preceding herpes simplex virus (HSV) 
Encephalitis and radiological involvement of the hip-
pocampus are associated with persistent cognitive

deficits. 6,8,12 Clinical disease severity, immunological 
activity (increased leucocyte-count in cerebrospinal 
fluid [CSF], antibody titres), 13 treatment delay, and lack 
of response to first-line immunotherapy have all been 
related to outcome. 1,14

The multivariable anti-NMDAR Encephalitis One-
year functional Status (NEOS) score offers moderate 
but meaningful predictive power for outcomes (on the 
modified Rankin Scale [mRS] 15 ) one year after onset of 
the encephalitis. 14 An important limitation of the 
NEOS-score is the variable ‘improvement within four 
weeks following the start of first-line immunotherapy’. 
This means the score can only be applied one month 
after diagnosis and treatment, limiting its informative-
ness and its value in guiding initial therapeutic de-
cisions. 14 This study addresses this limitation by 
developing an updated model capable of predicting 
outcomes based on clinical information available at the 
time of diagnosis (‘NEOS2’). In addition, we introduce 
two novel extensions as (1) we investigated prediction of 
early improvement following first-line immunotherapy 
(‘NEOS2-T’) and (2) we included the likelihood of 
returning of returning to work or school within three
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years of disease onset as a sensitive outcome metric for 
the longer-term (‘NEOS2-W’), when most patients have 
returned to independent daily living. Estimating the 
likelihood of response to first-line immunotherapy 
(NEOS2-T) –in addition to (longer-term) outcome– 
would facilitate the early identification of patients who 
may require more aggressive treatment. For patients 
with a good prognosis after first-line immunotherapy, 
potentially harmful side-effects of costly second-line 
treatments could be avoided. An early prediction score 
could also support patient stratification in clinical trials, 
potentially enhancing statistical power in studies with 
limited sample sizes, as anti-NMDAR encephalitis is a 
rare disease.

The introduction of sensitive longer-term outcome 
metrics (NEOS2-W) allowed us to explore whether the 
factors contributing to one-year functional outcomes also

relate to longer-term, patient-relevant endpoints 
(NEOS2-W), supporting their sustained relevance and 
the value of one-year functional outcome as an action-
able surrogate to guide treatment strategies at diagnosis. 

Therefore, the primary objective of the current study 
was to develop a ‘NEOS2’ prediction score providing 
relevant information for short (NEOS2-T), middle 
(NEOS2), and long (NEOS2-W) term outcomes based 
on clinical data available at diagnosis.

Methods
Study design and participants
In this international cohort study, we combined the 
data from five national anti-NMDAR encephalitis co-
horts (France, Germany, Japan, the Netherlands, and 
Spain) to develop prediction models. All patients were

Research in context

Evidence before this study
We have searched PubMed, Google Scholar and key 
references from database inception up to 31 December 2023 
for investigated biomarkers predicting outcomes of anti-
NMDAR encephalitis (MESH terms for biomarker, prognosis, 
outcome, autoimmune encephalitis, Anti-N-Methyl-D-
Aspartate Receptor encephalitis), prioritising factors 
accessible in daily clinical practice and evident at diagnosis. 
The negative impact of increasing age has been largely 
elucidated. Clinical disease severity (mRS, need for ICU 
admission), immunological activity (number of leukocytes in 
CSF), treatment delay, and (lack of) response to first-line 
immunotherapy have been independently related to 
outcome, as well as demonstrated to have an additive 
prognostic value, captured by the ‘anti-NMDAR Encephalitis 
One-year functional Status (NEOS)’ score. Radiological 
involvement of the hippocampus has been associated with 
persistent cognitive deficits, and serum and CSF markers for 
inflammation (i.e. CXCL13) or neuronal damage (i.e. NfL) 
have also been investigated as biomarkers for outcome. 
Treating physicians are trying to predict prognosis and 
determine the best treatment strategy in the often young 
and severely affected anti-NMDAR encephalitis patients. The 
NEOS score has proven relevant for predicting outcomes in 
anti-NMDAR encephalitis and is widely applied. A lack of 
response to first-line treatment is a pertinent reason to 
escalate treatment, currently the most applied strategy in 
treating anti-NMDAR encephalitis. This is incorporated in the 
NEOS score, which included ‘(lack of) improvement within 
four weeks of treatment with first-line immunotherapy’ as a 
predictive variable for poor outcomes. It would be a 
significant step forward to identify patients at risk for a poor 
(long-term) outcome and/or for failure of first-line therapy, 
directly at diagnosis. This allows for early treatment 
escalation if required, instead of awaiting the effect of first-
line treatment for weeks.

Added value of this study
The NEOS2 model does not necessitate response to first-line 
treatment as a predictive variable and can predict outcomes 
of anti-NMDAR encephalitis with equal accuracy as the 
original NEOS model. Additionally, the very good 
performance of the NEOS2-T model, predicting response to 
first-line treatment with a similar set of predictive variables, 
proves that the patients at risk for a poor outcome are often 
the same patients at risk for failure of first-line treatment; 
these are the patients potentially benefitting from early 
intensified and maybe more aggressive treatments.
A limitation of the original NEOS score is the use of 
functional independence (expressed on the mRS) as the main 
outcome measure. As the majority of patients become 
independent within one or two years after diagnosis and 
treatment of the anti-NMDAR encephalitis, this outcome is 
largely skewed, limiting the power of prognosticating longer-
term outcomes. We demonstrate that the ability to return to 
work or school can be used as a substitute outcome measure 
for the (very) long-term, when the majority of patients has 
returned to functional independence, and can be predicted 
with equal accuracy. Applying more demanding outcome 
measures, like return to work/school, is more relevant to 
patients and allows to differentiate within patients assigned 
a ‘favourable outcome’ by generic outcome measures.

Implications of all the available evidence
The NEOS2, NEOS2-W, and NEOS2-T models are easily 
applicable in daily clinical practice and can accurately identify 
patients at risk for a poor functional outcome, who may 
benefit from early intensified treatment. The use of the 
NEOS2-score to stratify patients within trials would probably 
increase the power and reduce the needed sample size.
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diagnosed between the discovery of the disease in 2007 
and 2022, met the criteria for definite anti-NMDAR 
encephalitis, tested positive for antibodies in CSF, and 
had at least four months of follow-up data available (or 
died <4 months; 5% had <12 months but >4 months of 
follow-up). 16 Patients were excluded if (1) their pre-
morbid mRS or Paediatric Cerebral Performance 
Category (PCPC) scores 17 were over two, preventing 
them from attaining positive primary outcomes (low 
mRS/PCPC), or (2) the anti-NMDAR encephalitis was 
preceded by HSV encephalitis, potentially influencing 
clinical parameters and outcomes.

Two of the larger cohorts, from the Netherlands and 
France, represent unbiased reflections of the disease 
population, providing national coverage. As the clinical 
characteristics between the national cohorts differed 
(Supplementary Table S1; Supplementary Material), we 
added ‘cohort’ as an independent variable in the analyses.

Ethics approval
This observational cohort study was reviewed by the 
Institutional Review Board of the Erasmus MC (MEC-
2020-0418; date 22-06-2020) and found not to require 
WMO (Dutch Medical Research Involving Human 
Subjects Act)-governed ethics approval. All patients in 
the Netherlands provided written informed consent 
within this study before inclusion. Written informed 
consent was obtained from all patients in the interna-
tional cohort upon enrolment in the respective cohorts 
(France, Germany, Japan, Spain).

Definition of variables and handling missing data
Potential predictive variables were selected based on a 
literature review and their availability at diagnosis. Data 
on 20 predictive variables and seven outcome variables 
(three main outcomes, represented binary, and time to 
achieve these outcomes) were collected for every cohort 
(Supplementary Data Dictionary). The primary 
outcome variables were ‘functional status one year after 
diagnosis (mRS/PCPC)’ and ‘early improvement 
following first-line treatment’. Functional status was 
defined by mRS or PCPC scale and dichotomised (1 for 
a favourable functional outcome, 0 for a poor outcome), 
defining as ‘favourable outcome’ a score ≤2 (indepen-
dence in mobility and daily activities, or at an age-
appropriate level). Improvement following first-line 
immunotherapy was defined as an improvement of at 
least one point on the mRS (ΔmRS≥1), obtained two 
weeks after administering treatment. Return-to-work/ 
school was also included as a (secondary) binary 
outcome, supported by the time to return to work/ 
school. The majority (96%; 672/702) of included pa-
tients had received first-line immunotherapy; only these 
patients were included in the model assessing 
improvement following treatment. Patients who did not 
attend school or work before the illness, were excluded 
from the return-to-work/-school analysis.

Data quality assessments were conducted, with 
source verification and corrections made as needed. 
Skewed variables were transformed (Supplementary 
Data Dictionary); reported values are geometric 
descriptive statistics. Within predictive and primary 
outcome variables, 3% of the values were missing; no 
variable contained over 15% missing data. Missing 
values occurred completely at random and were 
imputed with five iterations, using the MICE package in 
R. e1 The original and five imputed datasets were 
randomly split into 70% for development of the multi-
variable prediction models and 30% for validation, 
ensuring equal distributions of cohort and the two 
primary outcomes (Supplementary Table S2 and S3).

Statistical analysis - univariable analysis
All Statistical analyses were performed in R (v4⋅3⋅2; 
R Core-Team 2023). e2 Univariable analyses were per-
formed on the original data. For comparisons of cohorts 
(international variability, development versus valida-
tion) and groups based on outcome (univariable anal-
ysis), we have applied Pearson’s Chi Squared tests in 
case of binary variables, Wilcoxon rank sum and 
Kruskall–Wallis tests for ordinal variables, and T-tests 
or ANOVA’s for continuous variables. For the uni-
variable analysis of potential predictive continuous 
variables, effects were additionally visualised and fitted 
with local polynomial regression curves to check for 
linearity. Linear effects were analysed with t-tests, while 
univariable logistic regression with polynomials or 
restricted cubic splines (depending on the curve) was 
applied for non-linear effects. To explore the magnitude 
of the influence certain predictive variables can have on 
outcomes, we extended the analyses with preliminary 
time-to-event analyses, with time to reach the primary 
and secondary outcomes as the dependent variables. In 
these analyses, death and relapse were treated as 
competing risks because they prevent the occurrence of 
the main outcome. Patients who were retired or un-
employed before the encephalitis were excluded from 
the time-to-return-to-work/school analysis. If an 
endpoint was not reached, cases were censored at the 
time of last follow-up.

Statistical analysis - multivariable regression 
analysis
All potential predictive variables were considered in the 
multivariable analysis to allow the identification of ad-
ditive or opposite effects. Nested hierarchical mixed-
effects logistic regression models were fitted to the 
development-parts of the five imputed datasets for the 
primary outcomes. A random intercept for cohort was 
included to control for potential international differ-
ences (Supplementary Material). We controlled for 
multicollinearity by determining correlations between 
independent variables (Supplementary Figure S1; no 
correlations>0⋅7) and variance inflation factors
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(no VIFs>5). Interactions between predictive variables 
were tested and included where relevant. Variables 
were selected through backwards stepwise selection 
based on the pooled sampling variance across the five 
imputed datasets and the Akaike Information Criterion 
(AIC). We used the psfmi package for this. e3 Pooled 
sampling variance was calculated using Rubin’s rules to 
account for the uncertainty introduced by multiple 
imputation. The AIC was used to balance model fit and 
complexity. Estimates and p-values of the model in the 
different imputed datasets were also pooled. Perfor-
mance of the models was assessed in the original 
development and validation datasets by evaluating (1) 
discriminative ability, determined by plotting receiver 
operating characteristic (ROC) curves and calculating 
the area under the curve (AUC), sensitivity and speci-
ficity of the model, (2) model calibration, and (3) the 
Goodness-of-Fit test of Hosmer&Lemeshow.

Statistical analysis - developing the NEOS2-models
To build the NEOS2-scores, natural numbers were 
assigned to categories of the predictive variables based 
on effect sizes/odds ratio’s (OR). For continuous vari-
ables, categories were defined based on the distribution 
of the data (quartiles) and reference values (i.e. 
<6 × 10 6 /L leukocytes in CSF), size (OR) and direction 
(splines) of the effect. Non-linear/exponential effects 
were incorporated in the magnitude of the numbers. 
Interaction effects were captured by assigning numbers 
to composite categories, based on model calculations. 
The categories in the final model account for 14 degrees 
of freedom, not exceeding the limit of 10% of cases with 
a particular outcome, minimising the risk of overfitting.

Role of the funding source
The funder of the study had no role in study design, 
data collection, data analysis, data interpretation or 
writing of the report.

Results
Clinical characteristics
A total of 702 anti-NMDAR encephalitis patients from 
France (n = 324), Germany (n = 170), Japan (n = 45), the 
Netherlands (n = 132), and Spain (n = 31) were 
included. The international cohort reflected the char-
acteristics of the patient population (Table 1; 79% fe-
male; average age at disease onset 23 years, standard 
deviation [SD] 2 years, 95%-CI 2–69 years). Two-
hundred thirty-three patients (38%) improved 
(ΔmRS≥1) within two weeks of first-line immuno-
therapy (‘early improvement’); improving patients were 
less likely to receive second-line therapy (46% vs 79% of 
patients without improvement). Functional outcomes 
after one year were considered favourable (mRS/ 
PCPC≤2) in 517/644 patients (80%). Recovery 
continued beyond twelve months after diagnosis; in the

All included 
patients, N = 702

Baseline characteristics
Sex a

Female, n/N (%) 557/701 (79)
Male, n/N (%) 144/701 (21)

Age at disease onset, Median (IQR, Min.-Max.) 22 (16–31, 1–87)
Paediatric patients (<18 years at disease onset), n/N (%) 202/702 (29)

Ethnicity a

Caucasian, n/N (%) 450/646 (70)
Asian, n/N (%) 80/646 (12)
Black/African/Caribbean, n/N (%) 77/646 (12)
Latin/Hispanic, n/N (%) 7/646 (1)
Other, n/N (%) 32/646 (5)

Follow-up time (months), Median (IQR, Min.-Max.) 30 (14–57, 0–366)
Patients with ≥1 year of follow-up data, n/N (%) 670/702 (95)
Patients with ≥3 years of follow-up data, n/N (%) 278/702 (40)

Clinical variables
Tumour, n/N (%) 192/682 (28)
Altered consciousness at presentation, n/N (%) 383/697 (55)
Seizures, n/N (%) 512/696 (74)
Cognitive disturbances, n/N (%) 628/693 (91)
Behavioural changes, n/N (%) 649/693 (94)
Language disorders, n/N (%) 457/695 (66)
Movement disorders, n/N (%) 430/699 (62)
Autonomic dysregulation, n/N (%) 308/689 (45)
Sleep disorders, n/N (%) 281/663 (42)
Severity (mRS) at diagnosis, Median (IQR, Min.-Max.) 3 (3–5, 1–5)
ICU admission, n/N (%) 382/697 (55)

Ancillary tests
MRI abnormalities, n/N (%) 205/643 (32)
EEG abnormalities, n/N (%) 541/611 (89)

Abnormalities in posterior rhythm, n/N (%) 332/594 (56)
CSF leucocyte count (x10 6 /L), Median (IQR, Min.-Max.) 22 (8–60, 0–848)
CSF antibody titre (1 in …), Median (IQR, Min.-Max.) 32 (10–100, 1–10240)

Diagnosis & Treatment
Diagnostic delay (weeks), Median (IQR, Min.-Max.) 4 (2–9, 1–835)
Treatment delay (weeks), Median (IQR, Min.-Max.) 3 (1–6, 0–229)
Received first-line immunotherapy, n/N (%) 672/702 (96)

Intravenous methylprednisolone (IVMP), n/N (%) 595/701 (85)
Intravenous immunoglobulins (IVIG), n/N (%) 548/699 (78)
Plasmaphaeresis, n/N (%) 218/699 (31)

Second-line therapy, n/N (%) 429/701 (61)
Improvement two weeks after first-line therapy (at least one point on
the mRS), n/N (%)

233/615 (38)

Follow-up data
≥ 1 year, N = 670

Long-term outcome
Outcome (mRS) twelve months after diagnosis, Median (IQR, Min.-Max.) 1 (0–2, 0–6) 
Patients with a good outcome (mRS≤2) after twelve months, n/N (%) 517/644 (80) 
Reached independence (mRS≤2) during follow-up, n/N (%) 580/647 (90)

Time to independence (months), Median (IQR, Min.-Max.) 4 (2–7, 1–48) 
Ability to go back to work/school, n/N (%) 442/594 (74)

Time to return to work/school (months), Median (IQR, Min.-Max.) 9 (4–16, 0–92) 
Back at work at three years after diagnosis, n/N (%) 203/278 (73) 

Relapse, n/N (%) 101/635 (16)
Time to relapse (months), Median (IQR, Min.-Max.) 18 (8–44, 3–366)

Abbreviations: mRS = modified Rankin Scale, CSF = cerebrospinal fluid, n = number of participants with the 
feature, N = total number of participants with data, IQR = interquartile range, Min. = minimum,
Max. = maximum. a Self-reported.

Table 1: Baseline characteristics.
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average follow-up of 30 months (SD 2, range 4–366 
months), 580/647 patients (90%) reached functional 
independence (mRS/PCPC≤2).

The development (n = 494) and validation (n = 208) 
datasets were equivalent in terms of clinical severity 
and outcomes (Supplementary Tables S2 and S3).

Prognosticating functional status
Many variables were (univariably) associated with 
functional outcome one year after diagnosis 
(Supplementary Table S4). The effect of age was non-
linear; paediatric patients under the age of twelve had 
slightly poorer outcomes than individuals aged twelve 
to 36 years, and the likelihood of a favourable outcome 
decreased exponentially with age in adults older than 36 
years. Timing of the (diagnostic) lumbar puncture (in 
relation to symptom onset), and treatment delay/initi-
ation (after symptom onset) were highly correlated 
(Pearson’s R = 0⋅84); to avoid multicollinearity, we only 
included treatment delay. In multivariable analysis, age

(with splines; OR >36 years 0⋅35, 95%-CI 0⋅29–0⋅43, 
p < 0⋅0001), treatment delay (linear; OR 0⋅49, 95%-CI 
0⋅41–0⋅58, p < 0⋅0001), movement disorders (OR 0⋅32, 
95%-CI 0⋅24–0⋅41, p < 0⋅0001), ICU admission (OR 
0⋅34, 95%-CI 0⋅26–0⋅44, p < 0⋅0001), and a higher CSF 
leucocyte count (OR 0⋅65, 95%-CI 0⋅60–0⋅71, 
p < 0⋅0001) remained as independent predictors for a 
decreased likelihood of good outcome (Table 2). A sig-
nificant interaction of leucocyte count in diagnostic 
CSF and treatment delay suggested a more pronounced 
effect of a leucocyte increase when the lumbar puncture 
(often directly followed by commencing treatment) was 
performed early after symptom onset (Supplementary 
Figure S2). 

Fitting the multivariable model to the five imputed 
datasets resulted in the same selection of variables and 
similar performance of the models across imputations 
(Supplementary Figure S3). The random intercept for 
cohort was dropped in the multivariable analyses, sug-
gesting that the international variability in disease

NEOS2 NEOS2-T NEOS2-W

Estimate (β) 
(standard error)

Odds ratio 
(OR) (95%-CI)

p-value Estimate (β) 
(standard error)

Odds ratio 
(OR) (95%-CI)

p-value Estimate (β) 
(standard error)

Odds ratio 
(OR) (95%-CI)

p-value

Predictive variable
Intercept 4⋅83 (0⋅35) <0⋅0001* 1⋅77 (0⋅15) <0⋅0001* 3⋅90 (1⋅11) 0⋅00046*
Age disease onset a

First spline (0–12 years) 0⋅29 (0⋅13) 1⋅35
(1⋅04–1⋅73)

0⋅020* 0⋅26 (0⋅33) 1⋅30
(0⋅68–2⋅49)

0⋅42

Second spline (13–36 years) 0⋅032 (0⋅083) 1⋅03
(0⋅88–1⋅22)

0⋅70 −0⋅40 (0⋅20) 0⋅67
(0⋅45–0⋅98)

0⋅039*

Third spline (>36 years) −1⋅04 (0⋅097) 0⋅35
(0⋅29–0⋅43)

<0⋅0001* −1⋅57 (0⋅33) 0⋅21
(0⋅10–0⋅38)

<0⋅0001*

Movement disorders −1⋅15 (0⋅14) 0⋅32
(0⋅24–0⋅41)

<0⋅0001* −1⋅02 (0⋅075) 0⋅36
(0⋅31–0⋅42)

<0⋅0001* −0⋅58 (0⋅30) 0⋅56
(0⋅31–0⋅96)

0⋅042*

No movement disorder 0 1 0 1 0 1
Required ICU admission −1⋅08 (0⋅13) 0⋅34

(0⋅26–0⋅44)
<0⋅0001* −1⋅15 (0⋅076) 0⋅32

(0⋅27–0⋅37)
<0⋅0001* −0⋅84 (0⋅31) 0⋅43

(0⋅23–0⋅78)
0⋅0063*

Not admitted to the ICU 0 1 0 1 0 1
CSF leucocyte count (x10 6 /L) b −0⋅43 (0⋅041) 0⋅65

(0⋅60–0⋅71)
<0⋅0001* −0⋅27 (0⋅027) 0⋅76

(0⋅72–0⋅80)
<0⋅0001* −0⋅30 (0⋅094) 0⋅74

(0⋅62–0⋅89)
0⋅0017*

Treatment delay (weeks) b −0⋅72 (0⋅092) 0⋅49
(0⋅41–0⋅58)

<0⋅0001* −0⋅12 (0⋅055) 0⋅89
(0⋅80–0⋅98)

0⋅033* −0⋅82 (0⋅22) 0⋅44
(0⋅28–0⋅68)

0⋅00025*

Interaction (treatment) delay x 
leukocytes

0⋅13 (0⋅016) 1⋅14
(1⋅10–1⋅18) 

<0⋅0001* 0⋅049 (0⋅012) 1⋅05
(1⋅03–1⋅07) 

<0⋅0001* 0⋅13 (0⋅040) 1⋅13
(1⋅05–1⋅23)

0⋅0015*

Outcome variable Independent (mRS≤2) one year 
after diagnosis

Improvement two weeks after first-line 
treatment

Back at work/school after three years

Model performance Hosmer&Lemeshow X 2 = 3⋅18 
(p = 0⋅92)

Hosmer&Lemeshow X 2 = 10⋅71 
(p = 0.22)

Hosmer&Lemeshow X 2 = 2⋅60 
(p = 0⋅96)

Estimates and corresponding odds ratios of the variables persisting in the multivariable analyses for predicting (1) good functional outcome one year after diagnosis (mRS≤2; NEOS2), (2) early 
(≤2 weeks) improvement (ΔmRS≥1) following first-line treatment (NEOS2-T), and (3) return to work/school within three years after diagnosis (NEOS2-W). Except for age being irrelevant for early 
improvement following treatment, the same variables persisted in all three multivariable analyses. The interaction-term for number of leukocytes in diagnostic CSF and time to treatment initiation 
caused an attenuating effect of treatment delay (often coinciding with delay to the diagnostic lumbar puncture) on the negative impact of a high leucocyte number in CSF. Abbreviations: NEOS2 = the 
Second anti-NMDAR Encephalitis One-year functional Status score, NEOS2-T = the anti-NMDAR Encephalitis Outcome Score after Treatment, NEOS2-W = the anti-NMDAR Encephalitis Outcome Score 
for Work or education, ICU = intensive care unit, CSF = cerebrospinal fluid, CI = confidence interval. The corresponding univariable analyses are provided in Supplementary Tables S4–S6. *p < 0.05. 
a Square root to transform. b Log2-transformed.

Table 2: Multivariable analysis of predictors for functional outcome after one year, improvement after first-line therapy, and returning to work or school.
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severity and outcome was adequately explained by the 
relation between predictive variables and outcome var-
iables in the model. This was confirmed by the good 
performance of the model across all five cohorts 
(Supplementary Figure S3). The multivariable logistic 
regression model had good discriminative ability (AUC 
80% in the development and validation dataset, 95%-CI 
75–86% and 72–89% respectively), specificity (79% in 
the development dataset, 95%-CI 70–87%, 74% in 
validation, 95%-CI 62–85%) and sensitivity (70% in 
the development dataset, 95%-CI 65–75%, 79% in 
validation, 95%-CI 70–85%) for predicting indepen-
dence one year after diagnosis of anti-NMDAR en-
cephalitis (Fig. 1A). The model was well-calibrated 
(Supplementary Figure S4) and fitted the data well 
(Hosmer&Lemeshow X 2 = 3⋅18, p = 0⋅92). The model 
performance was equal to that of the original NEOS-
model (AUC 80%; Supplementary Figure S5) and 
significantly better than the performance of a modifi-
cation of the NEOS-model excluding the variable on 
improvement after first-line therapy (AUC 68%; 
Supplementary Figure S6).

Prognosticating improvement following first-line 
immunotherapy
Except for age, the same predictive variables as in the 
model for outcome were relevant for predicting early 
improvement following first-line therapy (Table 2; 
Supplementary Table S5). The multivariable logistic

regression model for predicting improvement following 
first-line immunotherapy had good discriminative 
ability (AUC 81–84% in the development and validation 
dataset respectively, 95%-CI 77–86% and 78–90%), 
sensitivity (81–93% respectively, 95%-CI 73–86% and 
82–97%) and specificity (73 and 70% respectively, 95%- 
CI 67–78% and 61–78%) (Fig. 1B). The model was well-
calibrated (Supplementary Figure S7) and fitted the 
data well (Hosmer&Lemeshow X 2 = 10⋅71, p = 0⋅22).

Prognosticating return-to-work/-school
As 90% of patients became independent (mRS/ 
PCPC≤2) over time, a more discriminative and 
demanding outcome measure was considered for the 
longer-term: return-to-work or -school. One year after 
diagnosis, 47% of all patients had resumed work/school 
(274/583), increasing to 73% of patients at three years 
(203/278). Of all patients returning-to-work/school 
(450/620; 73%), 64% did so within the first year (274/ 
428) and 97% (416/428) within three years after diag-
nosis. It took patients on average 8 months (SD 1, 95%- 
CI 0–44) after diagnosis to resume work/school. The 
probability of resuming work/school within 36 months 
could be predicted with the same variables and with 
equal accuracy (AUC 80% in the development and 
validation dataset, 95%-CI respectively 75–85% and 
82–88%; sensitivity 77% in the development dataset, 
95%-CI 72–81%, 73% in validation, 95%-CI 64–80%; 
specificity 71%, 95%-CI 61–79%, and 78%, 95%-CI

a b c

Fig. 1: ROC curves of the NEOS2, NEOS2-T and NEOS2-W models. A: Receiver Operator Characteristics (ROC) of the multivariable model for 
functional outcome (independence) one year after diagnosis of anti-NMDAR encephalitis, showing very good discriminative ability (AUC 80% in 
the development [n = 388] and validation [n = 150] dataset, 95%-CI 75–86% and 72–89%) and good specificity (79% in the development dataset, 
95%-CI 70–87%, 74% in validation, 95%-CI 62–85%), and sensitivity (70% in the development dataset, 95%-CI 65–75%, 79% in validation, 95%-CI 
70–85%). B: ROC of the multivariable model for early improvement after first-line treatment of anti-NMDAR encephalitis, showing very good 
discriminative ability (AUC 81 and 84% in the development [n = 383] and validation [n = 154] dataset respectively, 95%-CI 77–86% and 78–90%) 
and sensitivity (81 and 93% respectively, 95%-CI 73–86% and 82–97%) and good specificity (73% and 70%, 95%-CI 67–78% and 95%-CI 61–78%). 
C: ROC of the multivariable model for likelihood to return-to-work/school three years after diagnosis of anti-NMDAR encephalitis, showing very 
good discriminative ability (80% in the development [n = 370] and validation [n = 139] dataset, 95%-CI respectively 75–85% and 72–88%), and 
good sensitivity (77% in the development dataset, 95%-CI 72–81%, 73% in validation, 95%-CI 64–80%) and specificity (71%, 95%-CI 61–79%, and 
78%, 95%-CI 62–88%). In all figures the darker line/area represents the characteristics in the original development dataset and the lighter shade the 
characteristics in the validation dataset, indicating a good consistency of the models across datasets.
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62–88%, respectively; Fig. 1C) as the primary outcomes 
(Table 2; Supplementary Table S6).

Developing the NEOS2-models
Natural numbers were attributed to the categories of 
the predictive variables according to their calculated 
odds within the context of the complete model (Table 3; 
Supplementary Method). Categories for continuous 
predictive variables were defined based on the distri-
bution of the data (quartiles; Supplementary 
Figure S8–S10), reference values and directionality of 
the relation to the outcomes (i.e. linear, polynomial, 
splines). For example for age, categories were defined at 
<12 years (highest likelihood to return to work/school

within three years, not necessarily favourable for func-
tional outcome after one year), 12–36 years (best func-
tional outcome), and three categories >36 years to 
incorporate the increasing effect of age beyond 36 years 
(Fig. 2).

The result is a ‘NEOS2-score’ for predicting middle-
long-term functional outcome (Fig. 3A), a ‘NEOS2-T 
score’ for predicting early improvement following 
first-line immunotherapy (Fig. 3B) and a ‘NEOS2-W 
score’ for predicting ability to return-to-work or school 
within three years (Fig. 3C).

Discussion
This international cohort study provides several 
important findings: (1) long-term outcomes of anti-
NMDAR encephalitis, as well as who will improve 
following first-line immunotherapy, can be predicted 
with high accuracy; (2) the easily applicable NEOS2-
score enables early identification, at the time of diag-
nosis, of patients with an excellent prognosis (almost 
100% likelihood of good outcome) and those at high 
risk (80–90%) of poor outcome; (3) the NEOS2-T score 
also identifies patients with a high probability (80%) of 
improving following first-line immunotherapy, as well 
those who are highly likely to require more aggressive 
treatment; (4) the predictors of long-term outcomes and 
improvement following first-line therapy substantially 
overlap, suggesting that early intensified treatment in 
patients at risk for first-line failure and poor outcome, 
may improve long-term functional outcomes; (5) return 
to work or school can serve as a sensitive indicator of 
very long-term recovery.

The original NEOS-score predicts functional out-
comes one year after diagnosis and treatment of anti-
NMDAR encephalitis, 14 and has been validated as a 
useful tool. 18–20 However, a limitation is the one-month 
delay between the initiation of treatment and the 
earliest time point at which the assessment can be 
performed. Removing the variable related to treatment-
response, as suggested in a published meta-analysis of 
treatment strategies, demonstrated insufficient predic-
tive accuracy in our cohort (AUC 68%) to support 
clinical or scientific relevance. 21 In contrast, the newly 
developed and validated NEOS2-score is able to predict 
long-term outcomes at the time of diagnosis, before 
starting treatment, with the same accuracy as the orig-
inal NEOS-score. 14 This represents a substantial and 
clinically relevant improvement, enhancing its potential 
implementation in daily practice, and enabling timely 
identification of patients at risk of a poor outcome. 

Interestingly, the prediction for improvement after 
first-line therapy (NEOS2-T score) included almost the 
same variables as the NEOS2. Previous studies have 
shown that patients who do not respond to first-line 
therapy may benefit from second-line immuno-
therapy. 1 Taken together, these findings suggest that

Predictive variable NEOS2 NEOS2-T NEOS2-W

Age disease onset
0–12 years 1 – 0
13–36 years 0 – 1
37–45 years 1 – 3
46–60 years 2 – 6
> 60 years 4 – 9

Movement disorder
No 0 0 0
Yes 2 2 1

Requires ICU admission
No 0 0 0
Yes 2 2 2

CSF leukocytes (x10 6 /L)
Not elevated (<6) 0 0 0
6–50

Timing within 2 weeks after onset 2 2 2
Timing after 2 weeks 1 1 1

> 50
Timing within 2 weeks after onset 4 4 4
Timing after 2 weeks 2 2 2

Treatment delay
< 2 weeks 0 0 0
2 weeks–1 month 1 1 1
1–2 months 2 1 2
> 2 months 4 2 4

Maximum total score 16 10 20

Natural numbers assigned to categories of the predictive variables in the models for (1) functional outcome 
one year after diagnosis (mRS≤2; NEOS2), (2) early (≤2 weeks) improvement (ΔmRS≥1) following first-line 
treatment (NEOS2-T), and (3) return to work/school within three years after diagnosis (NEOS2-W). The 
NEOS2, NEOS2-T and NEOS2-W scores largely overlap. The numbers are roughly based on data distributions 
and effect sizes in the three models. Effects of transformed variables, with or without splines and interactions, 
were non-linear. This effect was captured in the numbers assigned. The attenuating effect of (treatment) delay 
on leucocyte number was captured in different composite categories. The model included treatment delay as a 
main effect and part of the interaction with leucocyte count in diagnostic CSF, excluding the highly correlated 
variable of lumbar puncture timing (Pearson’s R = 0.84). As the numbers were based on a model calculation, it 
was impossible to get the maximum score for CSF leucocyte count (high number of leucocytes and a short 
treatment delay of <2 weeks, often inherently corresponding to a short delay to the diagnostic lumbar 
puncture) and the maximum score for treatment delay (>2 months) simultaneously. Total scores therefore add 
up to a maximum of 10 (NEOS2-T) to 20 (NEOS2-W). Abbreviations: NEOS2 = the Second anti-NMDAR 
Encephalitis One-year functional Status score, NEOS2-T = the anti-NMDAR Encephalitis Outcome Score after 
Treatment, NEOS2-W = the anti-NMDAR Encephalitis Outcome Score for Work or education, ICU = intensive 
care unit, CSF = cerebrospinal fluid.

Table 3: NEOS2, NEOS2-T and NEOS2-W score.
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patients at risk of poor outcome according to the 
NEOS2-score may benefit from early intensified treat-
ment, initiated right after the diagnosis. The potential 
benefits of intensified or second-line immunotherapy 
must be carefully weighed against the associated risks,

including increased susceptibility to infections in 
vulnerable patients, and individual factors such as age, 
comorbidities and fertility considerations. The NEOS2-
score is also able to identify patients with a good 
prognosis, who do not require costly and sometimes

Fig. 2: Effect of age on the probability and timing of returning to independence and returning to work or school. A: The relation 
between age and outcome is non-linear, plotted here (A & B) with restricted cubic splines at 12 and 36 years. Paediatric patients under 12 
years (first dotted line) had on average slightly poorer outcomes (79%) than patients aged 12–36 years (82%), and the likelihood of a good 
functional outcome exponentially decreased with age after 36 years (70% at 45 years, 50% above 60 years) B: Although the effect of age on 
the likelihood to return to work or school also exponentially increases after 30–36 years (68% of patients above the age of 36 years 
reintegrate, 39% over 45 years and 5% [2/37 patients] over the age of 60 years), this effect is unidirectional and young children (<12) have 
the highest likelihood to return to school (85%). C & D: Time-to-event curves for reaching independence and returning to work/school, 
categorised by age. Return to work/school is a more discriminative item to assess long-term functional outcome than independence, showing 
both an incrementally smaller proportion of patients and a longer duration to return to school/work with increasing age.
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harmful second-line therapies. We intentionally avoid 
specifying thresholds for initiating or withholding 
second-line therapy, as determining the optimal treat-
ment regimen, including the combination of first- and 
second-line therapies, falls outside the scope of this 
study. The potential utility of the NEOS2(-T) scores in 
guiding treatment decisions requires confirmation in 
future prospective studies. The use of rituximab and 
cyclophosphamide has been associated with a lower risk

of relapses. 1 The current study was not designed to 
assess relapse risk systematically, and the relapse risk 
was not easily predicted by the NEOS2-score 
(Supplementary Figure S11; accuracy of 60–65%).

The larger dataset and implementation of more 
complex patterns in the data analysis, such as non-
linear and interaction effects, provided more precision 
and improved accuracy compared to the original NEOS-
score analysis. 14 The NEOS2-scores are slightly different

Fig. 3: The NEOS2, NEOS2-T and NEOS2-W models. Proportion of patients with a certain outcome per NEOS2 score. The dashed lines 
represent the proportion of patients in the development (dark) and validation (light) cohort obtaining a certain outcome per score, the black 
line represents the total cohort. The dots are the individual patients with a certain outcome. A: The NEOS2 prediction score, applicable at 
diagnosis, classifies patients with a very high chance (approaching 100%) of a good functional outcome (mRS≤2) one year after the anti-
NMDAR encephalitis diagnosis, versus patients with high risk (80–90%) of a poor outcome. B: The NEOS2-T score, also applicable at 
diagnosis, classifies patients with a high (80%) chance of improvement after first-line immunotherapy, and patients with an almost definite 
risk of first-line therapy failure. C: The NEOS2-W score classifies patients with a very high chance (approaching 100%) of returning to work/ 
school within three years after the anti-NMDAR encephalitis diagnosis, and patients very unlikely to resume work or education.
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from the original NEOS-score. ICU-requirement, CSF 
leucocyte count, and treatment delay are predictive 
variables in both scores. We identified a subset of pa-
tients with a marked pleocytosis and a severe onset of 
clinical symptoms, who were consequently quickly 
diagnosed and initiated on immunotherapy. Neverthe-
less, they had a more aggressive disease, poorer 
response to first-line immunotherapy and outcome at 1 
and 3 years than anticipated based on the predictive 
items, including the time to start immunotherapy. This 
seemingly paradoxical response is reflected in the 
interaction items combining pleocytosis and treatment 
delay. This would suggest that early pleocytosis, in 
addition to the independent effect of pleocytosis itself, 
is a marker for the involvement of an additional im-
mune pathway that may convey a larger risk for a poor 
outcome. The nature of this immune pathway merits 
further research.

Age and the presence of movement disorders were 
included in the updated NEOS2-scores, while MRI no 
longer remained an independent predictive factor. Age 
has been recognised as an important factor for outcome 
in several previous studies, 1,3,10 especially in patients 
older than 30–40 years; the non-linear relationship 
(Fig. 2) complicated the incorporation in prediction 
scores. The use of splines, and accordingly, non-linear 
scoring of age in the prediction model, solved this 
and partly explains the difference between the original 
NEOS-score and the NEOS2-scores. As plasticity and 
vulnerability of the brain, and the ability to participate 
in active (cognitive) rehabilitation programs and addi-
tional (medical) treatments differ by age, it is not sur-
prising that age is an essential factor in the middle- and 
long-term outcome models (NEOS2 and NEOS2-W). 
Age did not impact the (early) effectiveness of immu-
notherapy considerably, probably because this outcome 
is determined mainly by immunological factors rather 
than by neurocognitive recovery potential. A lesser 
dependence of this outcome variable on external factors 
such as rehabilitation programs and intensity of 
immunotherapy, might explain the ability to predict it 
with equal accuracy, using a similar set of predictive 
variables (excluding age).

We present three scores (NEOS2, NEOS2-T and 
NEOS2-W) with their slightly unique build-up and 
weighing, to inform readers about these differences. 
Depending on the setting, a version can be applied. The 
overlap of items between the short-term NEOS2-T, the 
middle-long-term NEOS2 and the long-term NEOS2-W 
models, and the similar performance of the models in 
the development and validation cohorts, advocate the 
credibility of the models. This provides important 
support for the model’s generalisability to new cases. 
We additionally promoted generalisability by including 
multicentre cohorts, limiting the performance of the 
models on paper (AUC; we find a better performance in

the monocentric cohorts of the Netherlands, Spain, and 
Japan) but reflecting real-world data.

Although we present values for the sensitivity and 
specificity of the NEOS2-scores, these measures of 
performance depend on a prespecified cut-off of the 
NEOS2. The use of the ordinal score, allows to over-
come some of the limitations in sensitivity or speci-
ficity. The high specificity and good sensitivity of the 
NEOS2-score support its ability to predict poor out-
comes accurately; however, some patients predicted to 
have good outcome may still experience less favourable 
results. The NEOS2-score provides more nuance, 
showing a gradual decrease of likelihood of good 
outcome, ranging from 96 to 100% (score 0–3) to 61% 
(score 8–9) to <20% (score 14–16). This will provide 
physicians with relevant information to adequately 
counsel patients and families. The high sensitivity of 
the NEOS2-T score allows to identify those likely to 
have clear benefit of first-line immunotherapy, while 
the less optimal specificity might lead to escalation in 
some patients that would have benefited (measured by 
mRS improvement) using first-line immunotherapy 
only.

The mRS/PCPC has limitations in measuring 
improvement after treatment and over time. Not every 
improvement is captured in the mRS/PCPC. Although 
patients with an mRS of 3 may remain dependent, sei-
zures or psychotic behaviour may resolve. Similarly, 
patients in the ICU may recover from autonomic dys-
regulation without improving on the mRS. This might 
have led to the relatively large impact of ICU-
requirement in the NEOS2-T prediction and potentially 
to the disqualification of more subtle predictors such as 
dysautonomia, seizures, or cognitive abilities. The Clin-
ical Assessment Scale in Autoimmune encephalitis 
(CASE) score may be a more sensitive outcome measure 
for the acute phase. 22 These data were not systematically 
collected in this international cohort but may be worth-
while collecting for future studies. Conversely, especially 
for the severely affected patients best identified with the 
NEOS2-T score, subtle clinical improvement may not be 
as important in guiding treatment strategy; if a patient 
cannot leave the ICU, although clinically improving, this 
may still be a reason to intensify treatment early. 

Introducing sensitive long-term outcome measures 
is imperative. 23 We and others have demonstrated that 
cognitive and psychosocial recovery can continue beyond 
the first one or two years after diagnosis, 7,8 when most 
patients (80–90%) have reached independence, yet only 
50–75% have returned to work/school. 24 This ceiling ef-
fect of the standard primary outcome measure (func-
tional independence; mRS 0–2), and consequent skew in 
outcomes, does not accredit the relevant cognitive and 
behavioural problems patients still suffer from, and 
reduces the power of prognostic studies. However, 
different questions demand different outcome
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measures. To identify the most severely affected patients 
who may never reach independence –and might benefit 
from fast aggressive treatment– a simple, crude measure 
like the mRS may suffice, while differentiation in the 
larger part of patients with an expected good outcome 
with greater detail (and statistical power) by introducing 
more sensitive outcome measures might be more rele-
vant for the longer term. We introduced ‘ability to return 
to work/school’ as a readily available, dichotomous 
measure to assess (long-term) functional outcomes, in 
addition to initial treatment response and functional 
independence as short and middle-long term outcomes 
(Fig. 4). The level of education was not collected in a 
standardised fashion in this cohort, and whether a 
considerable proportion of younger children resumed 
school, but at a lower level, could not be assessed. Pre-
vious research has shown that this is unfortunately not 
uncommon. 5 We also recognise that the motivation to 
return to work may decrease nearing retirement, 
although the influence of age was already significant up 
from the age of 36. 

A limitation of the NEOS2-models is that the models 
were developed with ‘real world data’. This leads to 
limitations regarding the availability of data, exact

timing of capturing data and variable interpretation of 
content. At the same time, this can be seen as an 
advantage, as it makes the models generalisable and 
relevant in clinical practice. The inclusion of several 
international cohorts might provide known and un-
known confounders, including differences in policy and 
culture (i.e. reasons for ICU admission, treatment 
strategies). We decided to fit a mixed-effects model to 
correct for international differences and proved that, 
although there were differences between the cohorts at 
first sight, cohort was not a significant factor after case 
mix correction. This emphasises the applicability of the 
developed models across international borders.

In line with the nature of real-world cohort data, the 
patients were not treated with a pre-specified protocol 
nor randomised for specific treatments. In clinical 
practice, treatment is already adjusted for patients who 
do not improve after first-line therapy. 1,14 Patients with 
characteristics relating to no improvement after first-
line therapy, as well as to a poor functional outcome, 
already received second-line treatment more frequently, 
albeit often later in the disease course, potentially 
improving outcomes for these patients. Shifting pa-
tients with poor expected outcomes towards better
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Fig. 4: Outcome measurement as a continuum. Proportion of patients in our dataset having reached the different incorporated outcomes at 
the time points specified on the x-axis, derived from the supporting variables on timing of reaching the outcome (Supplementary Data 
Dictionary). In the first two weeks after first-line treatment, 40% of patients improve one point on the mRS (red line). Measuring 
outcome in terms of reaching independence (mRS≤2; blue line) may be relevant for the first 6 months to a year after diagnosis, in which 
60–80% reach independence. For the longer term, outcome measures that are more sensitive to persistent cognitive and psychosocial 
sequelae would be more relevant. As a binary substitute, the ability to resume work or school seems a suitable measure (green line). After one 
year, 50% of patients have resumed work or school; after three years, 75%.
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outcomes in this way may have reduced the accuracy 
and calibration of the NEOS2 and NEOS2-W models. 
Although this might have affected the reported perfor-
mance of the models, it would underscore the goal of 
the NEOS2 and NEOS2-T score: to identify patients 
prone to fail first-line immunotherapy and at risk for 
poor outcomes early and before awaiting failure of first-
line therapy, reducing the delay of more aggressive 
treatments.

The use of the NEOS2-score to stratify patients 
within trials would probably increase the power and 
reduce needed sample.

Additional biomarkers related directly or indirectly 
to inflammation such as C-X-C motif chemokine-ligand 
10 (CXCL10), CXCL13, C–C motif chemokine ligand 20 
(CCL20), CCL22, tumour necrosis factor α (TNF-α), 
interleukin-6 (IL-6), and IL-17 were not available for 
analysis. Although these biomarkers may be scientifi-
cally informative to understand the pathophysiology 
better, they are far from applicable to make personal-
ised outcome predictions and treatment strategies. 25–29 

Issues relating to accurate measuring, 29,30 and the lack 
of real-time availability limit their potential use. The 
items incorporated in the NEOS2-scores are easy to 
collect and do not harbour these limitations.

Conclusions
The NEOS2, NEOS2-W and NEOS2-T models can 
accurately identify patients at risk for a poor outcome, at 
the middle- and long-term (up to three years), and first-
line immunotherapy failure, at the time of anti-
NMDAR encephalitis diagnosis. These patients may 
benefit from early intensified treatment.
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