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Abstract [ MOREONUINE

Background and Objectives Supplementary Material

Seronegative autoimmune encephalitis (AE), defined by an appropriate clinical phenotype in
the absence of known neuronal autoantibodies, poses diagnostic and therapeutic challenges due
to clinical heterogeneity and lack of definitive biomarkers. We conducted a systematic review
and meta-analysis of individual patient data to characterize the phenotypes, treatment
responses, and prognostic factors in seronegative AE.

Methods

We included 213 cases from 30 studies published between 2014 and 2024 and 11 from a local
cohort meeting Graus criteria for seronegative AE. We extracted details on clinical and para-
clinical features, immunotherapy, and outcomes measured via the modified Rankin Scale
(mRS) and Clinical Assessment Scale for Autoimmune Encephalitis (CASE). Multivariate
regression and dimensionality reduction analyses identified prognostic markers.

Results

Of 224 patients (median age 49 years, 50.9% male), 72 (32.1%) had limbic encephalitis (LE)
and 152 (67.9%) had antibody-negative probable AE (ANPRA). Good outcome (mRS
score <2) was more common in LE (49/72, 68.1%) than in ANPRA (76/154, 50.0%) (p <
0.05). Delayed immunotherapy was associated with an increased risk of poor outcome. Ad-
ditional predictors of poor prognosis included age older than 60 years, the ANPRA subtype, an
underlying tumor, striatocapsular or thalamic involvement on MRI, and presentation with
refractory status epilepticus. Dimensionality and clustering analysis identified heterogeneity
among seronegative AE, with 3 distinct subtypes.

Discussion

Seronegative AE comprises clinically and prognostically distinct subtypes. Early immuno-
therapy is the key modifiable factor influencing outcome. We advocate for biomarker discovery
and prospective, systematically reported cohort studies to improve stratification and treatment
strategies in this diagnostically challenging population.
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Glossary

AE = autoimmune encephalitis; ANPRA = antibody-negative probable AE; CASE = Clinical Assessment Scale for Autoimmune
Encephalitis; LE = limbic encephalitis; mRS = modified Rankin Scale.

Introduction

Autoimmune encephalitis (AE) is a group of rapidly pro-
gressive, immune-mediated inflammatory disorders fre-
quently associated with autoantibodies targeting CNS
intracellular and surface amtigens.l’2 AE presents with diverse
clinical manifestations, including altered mental status,
memory impairment, psychiatric symptoms, seizures, and
other focal neurologic deficits. Detection of autoantibodies is
an integral part of AE diagnostic criteria,>* which can inform
the likely response to and duration of immunotherapy.’

However, despite research efforts, around a third to a half of
patients with AE do not have detectable antibodies against
known neuronal antigens.6 Therefore, diagnosis relies sub-
stantially on clinical and paraclinical findings.®> Clinical and
paraclinical diagnostic criteria for seronegative AE are likely
specific but have relatively low sensitivity.” Identifying addi-
tional biomarkers is urgent to ensure that patients with AE are
not missed. For example, only around a quarter of patients
with NMDAR-antibody encephalitis would meet diagnostic
criteria for seronegative AE without a positive antibody re-
sult.® The absence of a definitive biomarker in seronegative
AE results in clinical heterogeneity and diagnostic un-
certainty, complicating therapeutic decision making and
prognostication.9‘10

To help address these challenges, this systematic review and
meta-analysis synthesizes individual patient data from the
available literature (n = 213) and integrates these with a local,
previously unreported cohort of patients (n = 11) with se-
ronegative AE. Through this approach, we aim to delineate
further the clinical and paraclinical aspects of seronegative AE
subtypes, assess responsiveness to immunotherapy, and
identify prognostic markers in a large cohort.

Methods

Literature Review Design

This systematic review was registered with PROSPERO
(CRD42024555388) and conducted following Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines.

Search Strategy

A comprehensive search of PubMed, EMBASE, and
Cochrane databases was performed for studies published
between January 1, 2014, and June 1, 2024. The search used
the following terms in titles, abstracts, and keywords:
(“autoantibody negative” OR “autoantibody-negative” OR
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“seronegative” OR “sero-negative” OR “antibody negative”
OR “antibody-negative”) AND (“limbic” OR “encephalitis”).

Eligibility Criteria

Two reviewers (S.M.B. and L.D.C.) independently screened
titles and abstracts, with disagreements resolved by a third
reviewer (A.E.H.). Reference lists of included studies were
manually searched for additional studies meeting the in-
clusion criteria.

Inclusion criteria were as follows: (1) case reports, case series,
and cohort or quasi-experimental studies of any size reporting
seronegative autoimmune encephalitis (AE); (2) adult
patients (>18 years) or studies stratified by age; (3) diagnosis
of probable antibody-negative limbic encephalitis (LE) or
antibody-negative probable AE (ANPRA) as per Graus cri-
teria’; (4) reporting of clinical outcomes (physical or neu-
rologic function) before and after treatment.

Exclusion criteria included the following: (1) studies focused
solely on pediatric populations or without age stratification;
(2) inclusion of patients not meeting Graus criteria3; (3)
insufficient reporting of outcomes after immunotherapy, or
lacking sufficient clinical detail to derive these outcomes; (4)
non-peer-reviewed literature, including reviews, editorials,
and abstracts; (S) non-English publications; (6) studies
lacking individual patient-level data.

Data Extraction

Patient-level data were extracted into a standardized spread-
sheet capturing study year, design, demographics, clinical pre-
sentation (clinical features, CSF and blood investigations,
infectious screening, autoimmune panels, and MRI/EEG
characteristics), treatment, and outcomes at follow-up (eTa-
ble 1). Relapses were defined as cases newly meeting Graus
criteria for possible autoimmune encephalitis at least 3 months
after onset. All data were independently extracted by 2 authors
(S.M.B. and L.D.C.). Incomplete cases prompted contact with
the study authors. Discrepancies were resolved through dis-
cussion or senior adjudication (S.N.M.B. and AE.H.).

Quality Assessment

Two reviewers (S.M.B. and L.D.C.) independently assessed
study quality using the Joanna Briggs Institute Critical Ap-
praisal Checklist for case-based studies and the Newcastle-
Ottawa Scale (NOS) for cohort studies. Disagreements were
discussed or resolved with senior authors if necessary.

Outcome Measures
The primary outcome was a change in functional status,
which was assessed via the modified Rankin Scale (mRS) and
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Clinical Assessment Scale for Autoimmune Encephalitis
(CASE). mRS scores were dichotomized into good (<2) and
poor (>3) outcomes. Secondary outcomes included examin-
ing known prognostic factors, including those identified by
the RAPID score''; characterizing clinical/paraclinical fea-
tures of seronegative AE subtypes; and identifying associa-
tions with seizure recurrence, relapse, or return to work.
S.M.B. and L.D.C. reviewed cases with incomplete data to
determine whether estimation of outcome measures was
feasible; otherwise, these were excluded.

Local Cohort Study: Participants and

Antibody Determination

We supplemented published cases with patients meeting
Graus criteria for probable seronegative AE from the John
Radcliffe Hospital, Oxford (December 2015-July 2024).

To detect novel autoantibodies, live cultured hippocampal
neurons at day in vitro 25 and fixed adult rat brain sections
were incubated with serum/CSF samples and visualized, as
previously described."?

Standard Protocol Approvals, Registrations,
and Patient Consents

This study was approved by the Yorkshire and Humber Re-
search Ethics Committee (REC16/YH/0013). All partic-
ipants provided written consent.

Data Analysis

Statistical analysis was performed using R v4.4.1. Univariate
analysis assessed associations between clinical variables and
outcomes: chi-square or Fisher exact tests for categorical data,
using the Fisher exact test when expected cell counts were <S in
any group, and the Mann-Whitney U test for continuous data.
Benjamini-Hochberg correction was applied for multiple testing.

Generalized linear models evaluated associations between
clinical features and outcomes using logistic and linear re-
gression. Missing data were addressed using multivariate im-
putation by chained equations, with a 25% missingness
threshold per variable. Variables with a variance inflation
factor > 2.5 were excluded for multicollinearity. Stepwise re-
gression (bidirectional) refined model selection. Model
strength was tested via bootstrapping, area under the curve
(AUC), and pseudo-R”. Statistical significance was set at p <
0.05 and was reported as corrected p values throughout,
where appropriate.

Data Availability
Anonymized data from this study will be made available to any
qualified investigator on reasonable request.

Results

Data Extraction
Our initial search identified 1,105 records across 3 databases.
After removing 136 duplicate records, we screened the

Neurology.org/NN

Neurology: Neuroimmunology & Neuroinflammation

abstracts of the remaining 969 studies, excluding 902 studies
that did not meet the inclusion criteria. The full-text screening
of the remaining 67 articles resulted in the exclusion of 37
studies for the following reasons: exclusively pediatric pop-
ulation or inability to differentiate pediatric and nonpediatric
populations in results (n = 6), article was retracted (n = 5),
insufficient clinically relevant data (n = 3), and study design
not aligned with inclusion criteria (n = 1); the remaining
studies did not meet the Graus criteria for seronegative AE
diagnosis (n =22). After full-text screening, 30 studies met the
inclusion criteria, comprising 21 case reports, 3 case series,
and 6 cohort studies (Figure 1 and eTable 2).

The summary of the risk-of-bias assessments for in-
cluded studies are provided in the supplementary material
(eFigure 1).

Clinical and Paraclinical Phenotypes of
Antibody-Negative Encephalitis

Initially, 280 patients with suspected seronegative AE were
identified: 260 from the literature and 20 from our cohort.
After review, 9 local and 47 literature patients were excluded
because of insufficient data or clinical presentations not ful-
filling the Graus criteria for probable seronegative AE. A de-
tailed breakdown of exclusions, including patients reclassified
under alternative AE etiologies, is given in the supplementary
materials (eFigure 2). For the remaining patients, the di-
agnostic combinations used to classify ANPRA and LE are
summarized in eTable 3 and the rates of mRS and CASE
reporting are presented in eTable 4.

The final dataset included 224 confirmed patients with sero-
negative AE, with a median age across the cohort of 49 years
(range 18-86), and 114 of 224 were men (50.9%) (Table 1).
At first admission, the median mRS score was 4 (range 1-5/6)
and the median CASE score was 11 (range 2-27/27). Based
on clinical profiles, 72 (32.1%) were classified as LE and 152
(67.9%) as ANPRA (Table 1).

Common symptoms at onset included memory dysfunction
(200/224, 89.3%), seizures (162/224, 72.3%), impaired
consciousness (151/224, 67.4%), and psychiatric symptoms
(146/224, 65.2%), which comprised paranoia, hallucinations,
agitation, and affective lability (Table 1). The phenotypic
differences distinguishing LE and ANPRA were further ex-
plored. Mood disorder symptoms, characterized by pre-
sentations of depression and anxiety, were more frequent in
LE (21/72, 29.2%) vs ANPRA (10/152, 6.6%; p < 0.001).
Patients with ANPRA more often presented with gait ataxia
(99/152, 65.1% vs 18/72, 25.0%; p < 0.001), language
problems (104/152, 68.4% vs 20/72, 27.8%; p < 0.001),
brainstem dysfunction (67/152, 44.1% vs 10/72, 13.9%; p <
0.001), weakness (70/152, 46.1% vs 14/72, 19.4%; p <
0.001), and movement disorders (50/152, 32.9% vs 9/72,
12.5%; p < 0.01), including parkinsonism, dyskinesia, and
dystonia. Other symptoms showed no statistically significant
differences (Table 1).
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Figure 1 PRISMA Flowchart Describing Article Screening, Selection, and Extraction Process
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Atotal of 224 cases were included, comprising 213
cases from the literature (shown below) and 11
from the local Oxford cohort. PRISMA = Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses.

In accordance with diagnostic criteria, medial temporal lobe
involvement was identified in all patients with LE (72/72,
100%) compared with only half of the ANPRA group (uni-
lateral only: 80/152, 52.6%; p < 0.001) (Table 2). Additional
distinct imaging features emerged between the subtypes, with
infratentorial MRI abnormalities more common in ANPRA
(20/152, 13.2%) than in LE (1/72, 1.4%; p < 0.05). Repre-
sentative MRI findings from the local seronegative cohort are
displayed in eFigure 3.

CSF and EEG profiles were similar across subtypes (Table 2).
Oligoclonal bands (OCBs) were tested in 162 patients (37
with LE, 125 with ANPRA), with no significant difference in
CSF-restricted OCB positivity (LE: 6/37, 16.2%, vs ANPRA:
18/125, 14.4%; p = 0.79) and only 3 patients showing paired
positivity in both CSF and serum (eTables S and 6). Other
CSF parameters, including leucocyte count and protein level,
and EEG markers, including total abnormalities, focal seiz-
ures, and refractory status epilepticus, showed no significant

differences (Table 2).
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Treatment patterns varied; corticosteroid use was similar (LE:
60/72, 83.3% vs ANPRA: 121/152, 79.6%; p = 0.71), but
patients with ANPRA more frequently received IVIG (124/
152, 81.6% vs 42/72, 58.3%; p < 0.01), rituximab (88/152,
57.9% vs 27/72, 37.5%; p < 0.05), and tocilizumab (49/152,
32.2% vs 8/72, 11.1%; p < 0.01) (eTable 7). First-line and
second-line immunotherapy timings did not differ signifi-
cantly (eTable 7).

Regarding outcomes, good functional outcomes based on
mRS after immunotherapy were less frequent in ANPRA (76/
152, 50.0%) than in LE (49/72, 68.1%; p < 0.05) (eTable 7).
Seizure persistence at follow-up was more common in
ANPRA (76/152,50.0%) than in LE (21/72,29.2%; p < 0.05)
(eTable 7). Mortality rates were not significantly different
(LE: 10/72, 13.9% vs ANPRA: 17/152, 112%; p = 0.84)
(eTable 7). Data on relapses were available for 154 patients
after a median follow-up of 24 months. Relapse rates did not
differ between subtypes (LE: 1/38, 2.6% vs ANPRA: 10/116,
8.6%; p = 0.45) (eTable 7).
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Table 1 Comparison of Clinical Profiles at Onset Between Patients With LE and ANPRA

Variable Total (n = 224) ANPRA (n =152) LE (n=72) p Value

Clinical profiles
Male sex 114 (50.9%) 80 (52.6%) 34 (47.2%) 0.70
Patient age 49 (18-86) 47 (18-86) 53.5 (20-82) 0.22
Age older than 60 years 71 (31.7%) 46 (30.3%) 25 (34.7%) 0.76
Tumor 18 (8%) 6 (3.9%) 12 (16.7%) <0.01
Baseline mRS score value 4 (1-5) 5(2-5) 4 (1-5) <0.001
Baseline CASE score value 11 (2-27) 12 (2-27) 7.5 (2-25) <0.001

Symptom profiles
Seizure 162 (72.3%) 115 (75.7%) 47 (65.3%) 0.27
Memory dysfunction 200 (89.3%) 135 (88.8%) 65 (90.3%) 1.00
Psychiatric symptoms 146 (65.2%) 104 (68.4%) 42 (58.3%) 0.31
Mood disorder-related symptoms 31 (13.8%) 10 (6.6%) 21 (29.2%) <0.001
Psychosis 22 (9.8%) 10 (6.6%) 12 (16.7%) 0.07
Impaired consciousness 151 (67.4%) 119 (78.3%) 32 (44.4%) <0.001
Language problems 124 (55.4%) 104 (68.4%) 20 (27.8%) <0.001
Movement disorders 59 (26.3%) 50 (32.9%) 9 (12.5%) <0.01
Weakness 84 (37.5%) 70 (46.1%) 14 (19.4%) <0.001
Brainstem dysfunction 77 (34.4%) 67 (44.1%) 10 (13.9%) <0.001
Gait instability and ataxia 117 (52.2%) 99 (65.1%) 18 (25%) <0.001

Abbreviations: ANPRA = antibody-negative probable AE; CASE = Clinical Assessment Scale for Autoimmune Encephalitis; LE = limbic encephalitis; mRS =

modified Rankin Scale.

Variables included in the original analysis have been reduced to focus on the most significant characteristics. p Values were adjusted using Benjamini-
Hochberg correction for multiple comparisons. Data are presented as count (percentage) for categorical variables or median (range) for numerical variables.

In the local cohort, 3 of 11 samples (27.3%) bound to brain
IHC and 1/11 (9.1%) to live neurons (eFigure 4). All patient
characteristics, the specific distribution of CSF antibody
panels tested across the cohort, identified paraneoplastic
conditions, brain IHC results, and neuronal assay results in

the local cohort are provided in supplementary materials
(eTables 8-12).

Validation of the RAPID Score

The RAPID score is a previously developed prognostic tool
shown to predict 2-year outcomes in patients with seroneg-
ative AE based on S clinical features: refractory status epi-
lepticus, age at onset of 60 years or older, ANPRA subtype,
infratentorial involvement, and delayed immunotherapy
(>1 month from hospital admission)."" First, we explored the
RAPID score for predicting outcome, as measured by final
mRS scores after immunotherapy, after excluding those
patients originally used to derive the model. This yielded
a modest association (RAPID score vs poor final mRS score:
Spearman rho = 0.24S, p = 0.020; Figure 2A and eFigure S).
As expected, the magnitude of this was increased when
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assessed across the entire cohort, including the original
RAPID cohort (Figure 2B; RAPID score vs poor final mRS
score: Spearman rho = 0.38, p < 0.001). Logistic regression
analysis across the whole cohort demonstrated effects on
outcome in the same direction as seen in the original RAPID
score study (Figure 2C), with a moderate-to-good discrimi-
natory performance (pseuclo—R2 = 0.205; AUC = 0.79;
eFigure 6).

When evaluating the individual variables comprising the RAPID
score across the whole cohort, older age at onset (>60 years),
delayed initiation of immunotherapy (>1 month from hospital
admission), and infratentorial involvement were each signifi-
cantly associated with poor functional outcome. By contrast,
ANPRA showed a trend toward significance but did not reach
the conventional significance threshold while the presence of
refractory status epilepticus did not reach statistical significance.
To assess for potential bias from including the original RAPID
derivation cohort, we included a study-origin variable, which was
not independently associated with outcomes (Figure 2C). Uni-
variate analyses for each independent predictor across the
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Table 2 Comparison of Paraclinical Profiles at Onset Between Patients With LE and ANPRA

Variable Total (n = 224) ANPRA (n =152) LE (n =72) p Value
CSF abnormality 206 (92.0%) 152 (100.0%) 54 (75.0%) <0.001
CSF protein level g/L 0.6 (0.1-17.0) 0.6 (0.1-4.0) 0.5 (0.2-17.0) 0.16
CSF leukocyte cells/pL 12 (0-2,760) 13 (0-2,760) 10 (0-84) 0.16
CSF oligoclonal band positivity 27 (16.7%) 19 (15.2%) 8(21.6%) 0.68
Any MRI abnormality 224 (100.0%) 152 (100.0%) 72 (100.0%) 1.00
Medial temporal lobe involvement 152 (67.9%) 80 (52.6%) 72 (100.0%) <0.001
Infratentorial involvement 21 (9.4%) 20 (13.2%) 1(1.4%) <0.05
Spinal involvement 6 (2.7%) 6 (3.9%) 0 (0.0%) 0.31
Contrast enhancement 16 (7.1%) 13 (8.6%) 3(4.2%) 0.53
Any abnormal EEG 131 (84.5%) 78 (83.9%) 53 (85.5%) 1.00
EEG focal seizure 20 (12.9%) 8 (8.6%) 12 (19.4%) 0.17
Refractory status epilepticus 48 (21.4%) 35 (23.0%) 13 (18.1%) 0.68

Abbreviations: ANPRA = antibody-negative probable AE; LE = limbic encephalitis.
Variables included in the original analysis have been reduced to focus on the most significant characteristics. p Values were adjusted using Benjamini-
Hochberg correction for multiple comparisons. Data are presented as count (percentage) for categorical variables or median (range) for numerical variables.

derivation and validation cohorts are presented in the supple-
mentary material (eTable 13).

Next, we wanted to identify any additional clinical or para-
clinical features driving phenotypic or prognostic heteroge-
neity in seronegative AE.

Determinants of Clinical and

Prognostic Heterogeneity

Multiple factor analysis (MFA) showed apparent heteroge-
neity among cases with seronegative AE and eventual clinical
outcomes within this cohort (Figure 3, A and B). Factors
driving poor prognoses included age older than 60 years,
subcortical/white matter involvement, ANPRA subtype,
infratentorial involvement, and delayed immunotherapy
(Figure 3B; eFigure 7). In addition, cyclophosphamide
emerged as a top contributing factor, likely reflecting a treat-
ment profile of more refractory cases. Some but not all of
these variables were highlighted in the RAPID score,'" sug-
gesting a complex interaction of many factors contributing to
the eventual outcome in this cohort. A heatmap applying
hierarchical clustering of clinical and paraclinical findings
across the cohort revealed distinct clusters corresponding to
the LE and ANPRA subtypes (eFigure 8), further supporting
the separation observed in the MFA (Figure 3A). Notably,
within the ANPRA cluster, 3 phenotypic subgroups were
apparent: (1) brainstem/deep brain subgroup with move-
ment disorders and refractory status epilepticus and generally
poorer outcomes, (2) subcortical/white matter—predominant
group with more variable prognosis, and (3) a heteroge-
neous seizure-predominant subgroup with relatively favorable
outcomes.

Neurology: Neuroimmunology & Neuroinflammation
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Therefore, we used stepwise regression modeling to better
understand the factors independently influencing prognosis
in antibody-negative encephalitis. Age older than 60 years,
delayed immunotherapy, brainstem dysfunction, and striato-
capsular or subcortical/white matter involvement were sig-
nificant predictors of poor mRS scores, whereas psychosis at
onset was associated with a better outcome (pseudo-R”> =
0.298; AUC = 0.842; Figure 4A; eFigure 9).

However, the mRS score captures only a limited proportion of
AE-associated disability.">'> Therefore, we used the CASE
score as a more granular outcome measure. Linear regression
modeling identified age older than 60 years, time to immu-
notherapy, the ANPRA subtype, an underlying tumor, stria-
tocapsular or thalamic involvement on MRI, or presentation
with refractory status epilepticus as factors associated with
worse CASE scores (pseudo-R” = 0.349; Figure 4B). We also
compared patients with and without relapses and found that
CSF protein (relapsing: median 0.9 [range 0.4-3.4], non-
relapsing: 0.6 [0.1-4.0], p < 0.05) and leukocyte counts (re-
lapsing: 31 [8-670], nonrelapsing 10 [0-2,760], p < 0.05)
were elevated in relapsing cases (eTable 14).

The common modifiable factor in both analyses was a delay in
immunotherapy. Univariate analysis showed a consistent di-
rection of effect between the time from symptom onset to
immunotherapy and outcomes in both ANPRA and LE sub-
groups (Figure 4, C and D). This correlation was consistent
across mRS (ANPRA: p=025p=0014,vs LE: p=041,p =
0.020) and CASE (p < 0.001 vs p = 0.0528) (Figure 4, C and
D). In addition, we examined the effect of a delayed immu-
notherapy on other outcomes, noting a trend toward increased
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Figure 2 RAPID Scores and Clinical Outcomes

A. Distribution of mRS outcomes by RAPID score after
exclusion of Lee et al.' (n = 92)

B. Distribution of mRS outcomes by RAPID scores in the full

cohort (n =224)
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Stacked bar plots of mRS outcome scores stratified by RAPID scores across (A) the whole cohort (n = 224) and (B) patients not included in the RAPID score
derivation study (n = 92). (C) A forest plot showing mRS scores dichotomized into good (mRS <2) or poor (MRS >3) outcomes by components of the RAPID
score. We included a factor indicating whether each case had been included in the RAPID score derivation cohort. Cl = confidence interval; mRS = modified

Rankin Scale; OR = odds ratio.

seizure persistence at follow-up, although this did not reach
significance (p = 0.063; eFigure 10).

Given the contribution of immunotherapy to outcomes in this
cohort, we compared patients receiving only first-line treat-
ments with those escalated to second-line agents. Patients
receiving second-line immunotherapy presented with greater
disability at first presentation (median baseline mRS score 5
[IQR 4-5] vs 4 [IQR 3-5], p < 0.001; median baseline CASE
score 12 [IQR 7.25-19] vs 9 [IQR 5.75-12.25], p < 0.001)
(Figure S, A and C). Despite their greater initial disability,
both cohorts achieved similar eventual outcomes at final
follow-up, with those requiring first-line therapies alone
achieving the same median outcome, albeit with significantly
better mRS and CASE scores at the group level: the median
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mRS score was 2 (IQR 1-4) in the second-line group vs 2
(IQR 1-3) in the first-line group (p = 0.049), and the median
CASE score was 4 (IQR 1-9.75) in the second-line group vs
2.5 (IQR 1.75-4) in the first-line group (p = 0.043) (Figure S,
B and D). This indicates the importance of second-line im-
munotherapy in more severe cases of seronegative AF,
allowing patients to attain outcomes similar to those of indi-
viduals with less severe initial presentations.

Discussion

Our individual patient data meta-analysis curated a large co-
hort of seronegative AE cases. We validated some core ele-
ments of the RAPID score while identifying additional

| Volume 13, Number 2 | March 2026

€200540(7)


http://neurology.org/nn

Figure 3 Multiple Factor Analysis of Clinical and Paraclinical Features

A. MFA of cohort stratified by seronegative AE subtype
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(Top) MFA stratified by (A) subtypes of seronegative AE and (B) final postimmunotherapy mRS scores. (Bottom) Bar plots showing the top 10 variables
contributing to (C) dimension 1 and (D) dimension 2 of the MFA based on final postimmunotherapy mRS scores. Ellipses represent 95% confidence intervals
for each group, and the central dots illustrate the centroid of each cluster. mRS = modified Rankin Scale; IVIG = IV immunoglobulin.

prognostic factors, described phenotypic heterogeneity within
ANPRA, emphasized the importance of timely immuno-
therapy, and underscored strict application of Graus criteria to
avoid both underdiagnosis and overdiagnosis.

We assessed the generalizability of the RAPID model derived
by Lee et al."' by applying it to a broader cohort. The overall
RAPID score was associated with measures of outcome in our
validation cohort (Spearman rho = 0.245, p = 0.02). Three
variables within the RAPID score were confirmed as signifi-
cant predictors of poor outcome: delay in immunotherapy
(>30 days from admission), infratentorial involvement, and
age older than 60 years. The ANPRA subtype showed a trend
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toward worse outcomes; however, this did not reach signifi-
cance. Stepwise analyses in the expanded cohort identified age
older than 60 years and delayed immunotherapy as consistent
predictors of both poorer mRS and CASE outcomes. Addi-
tional markers linked to worse outcomes included brainstem
dysfunction, subcortical/white matter involvement, un-
derlying malignancy, and thalamic involvement.

Hierarchical clustering of clinical and paraclinical features
confirmed that seronegative AE shows clear segregation
between the 2 main subtypes. As expected, LE is charac-
terized by medial temporal lobe involvement, memory
dysfunction, and seizures. Patients with ANPRA display
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Figure 4 Factors Associated With Clinical Outcomes

A. Model predicting functional outcome
after immunotherapy using the mRS score

B. Model predicting clinical outcome after immunotherapy
using the CASE score
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The data are stratified by LE and ANPRA, and negative deflections reflect better outcomes. ANPRA = antibody-negative probable AE; CASE = Clinical

Assessment Scale for Autoimmune Encephalitis; CI = confidence interval; LE = limbic encephalitis; mRS = modified Rankin Scale; OR = odds ratio.

greater heterogeneity, but we identified 3 distinct sub-
groups: one characterized by significant brainstem and deep
brain structure involvement, often with associated move-
ment disorders and refractory status epilepticus, and linked
to poorer outcomes, another heterogeneous group with
prominent seizures, typically with more favorable outcomes,
and a third subgroup with subcortical/white matter in-
volvement and variable outcomes. These findings suggest
that ANPRA comprises multiple pathophysiologic or im-
munologic processes, and recognizing this may guide de-
velopment of subgroup-specific therapies and more tailored
prognostic counseling.

Forty-three percent of seronegative AE cases had persistent
seizures at final follow-up, consistent with prior reports link-
ing seronegativity to higher postencephalitis epilepsy risk."®
This suggests that patients with seronegative AE, particularly
those with ANPRA, may require prolonged antiseizure
medication.

Neurology.org/NN
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Early immunotherapy was the most important modifiable
prognostic factor. This was in line with the findings of Lee
et al,'! who found that adding rituximab and/or tocilizumab
improved eventual outcomes. Similarly, in our analysis,
patients receiving second-line immunotherapy achieved
comparable median mRS outcomes to those managed with
first-line agents alone despite higher baseline disability. Our
findings highlight the importance of early treatment followed
by appropriate escalation of immunotherapy.

The reported prevalence of seronegative AE varies across the
literature, with estimates ranging from 7% to 55%, yet the
number of published cases remains relatively limited.""'” The
lack of specific biomarkers could contribute to underdiagnosis
and misdiagnosis. Although ANPRA and definite LE criteria
are highly specific (>95%), a significant proportion of cases
(15.8%) remain unclassified despite a strong suspicion of
neuroinflammatory disease.” Conversely, the lower specificity
of possible AE criteria allows inclusion of mimics at this
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Figure 5 Response to Immunotherapy

A. Distribution of mRS outcomes by immunotherapy at baseline and final follow-up
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diagnostic workup stage in up to 46% of cases.” Our experi-
ence of data extraction from published reports supported
inconsistent application of seronegative AE diagnostic criteria
and highlights that ‘possible’ AE is an entry-level criterion, not
a firm diagnosis.

Cell-based assays used in routine diagnostic testing identify
only known antigenic targets and cannot identify novel auto-
antibodies or alternative mechanisms, such as T cell-mediated
immunopathogenesis. Screening serum and CSF from patients
with seronegative AE using agnostic tests, such as live
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hippocampal neurons or brain slices, could increase diagnostic
certainty.'® However, the interpretation of IHC and neuronal
binding assays remains heterogeneous because there is cur-
rently no consensus on whether binding in the absence of
a known antigenic target aligns with the established diagnostic
criteria.

Our study has several limitations. Case reports and small se-
ries have the potential to introduce publication and selection
bias with over-representation of atypical or severe cases. In
addition, >50% of the patients in our cohort were from
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a single center,"" potentially limiting generalizability of our
findings. Treatment data were inconsistently reported across
studies, hindering detailed analyses of disease course and re-
sponse. Outcome measures were likewise heterogeneous,
predominantly reporting mRS scores and with inconsistent
follow-up intervals, which limited our ability to perform time
course analyses. Furthermore, some seronegative patients
may be reclassified as antibody-positive with discovery of
additional novel autoantigens. Finally, antibody results de-
pend on assay performance. For example, in the context of
paraneoplastic antigens, up to one-third of patients testing
negative on commercial panels tested positive in research
laboratories.'” This limitation extends to neuronal surface
antibody testing, where up to 20% of commercial indirect
immunofluorescence assays were subsequently identified as
false negatives after further testing in a research laboratory.”
The precise antibody detection will, therefore, affect which
patients are defined as seronegative after autoantibody testing.
Similarly, although standard testing will exclude many alter-
native diagnoses, the precise pattern of testing differed be-
tween cases.

Larger, multicenter prospective studies are needed, with stan-
dardized, longitudinal reporting of outcomes, treatment proto-
cols, and paraclinical findings, including the results of extended
antibody panels, live-cell assays, CSF cytokines, and advanced
MRI protocols. Parallel biomarker discovery efforts are essential
to delineate biologically driven subgroups and design targeted
therapies. Lessons from dementia research illustrate this well:
clinical phenotypes often overlap, and only the introduction of
biomarkers has enabled accurate stratification, refined prognos-
tication, and mechanism-based treatment trials.”' Clinical trials
targeting specific seronegative AE profiles and pathomechanisms
will be critical to improve outcomes in this heterogeneous and
often treatment-refractory condition. However, given the limited
characterization of seronegative AE in the literature, this will
require international collaborative studies. Nonetheless, some
AE subtypes will likely remain too infrequent to permit fully
individualized treatment approaches.

Seronegative AE is a heterogeneous condition with diverse
clinical features and outcomes. Our findings highlight key
phenotypic and outcome-associated subtypes and the im-
portance of prompt, effective immunotherapy. Continued
efforts toward biomarker discovery and longitudinal pheno-
typing are essential to improving diagnosis and stratifying
treatment in this diagnostically challenging population.
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