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Abstract

Anti-N-methyl-D-aspartate receptor encephalitis (anti-NMDAR-E) is a severe autoimmune
encephalitis that predominantly affects young women and is frequently associated with
ovarian teratomas. Increasing evidence indicates that these tumors play a central role in
disease initiation by providing a peripheral immunological trigger. This comprehensive
review summarizes current knowledge on the immunopathogenesis, clinical manifesta-
tions, diagnostic approach, therapeutic strategies, and long-term outcomes of ovarian
teratoma-associated anti-NMDAR-E. We discuss the unique immunogenic properties of
ovarian teratomas, including the presence of neuroglial tissue expressing the GluN1 re-
ceptor subunit (formerly known as NR1) of the N-methyl-D-aspartate receptor (NMDAR),
dense immune cell infiltrates, and tertiary lymphoid structure-like formations that support
local antibody production. These features are thought to promote molecular mimicry
and loss of immune tolerance, leading to B-cell activation, intrathecal antibody synthesis,
and antibody-mediated neuronal dysfunction. Furthermore, we review the characteristic
multistage clinical course, key diagnostic findings in cerebrospinal fluid, imaging and
electrophysiology, and the importance of early tumor removal combined with immunother-
apy. Emerging therapeutic approaches and experimental models that provide insight into
disease mechanisms and novel treatment targets are also highlighted. An improved under-
standing of tumor-driven neuroimmunological interactions is essential for earlier diagnosis,
optimized treatment strategies, and better long-term outcomes in affected patients.

Keywords: anti-N-methyl-D-aspartate receptor encephalitis; ovarian teratoma; autoimmune
encephalitis; tumor-associated autoimmunity; neuroimmunology; B-cell-mediated immunity;
GluN1 subunit; paraneoplastic neurological syndromes

1. Introduction
Anti-NMDAR-E is an autoimmune disease associated with the presence of antibod-

ies against the GluN1 subunit in the CSF, defined by significant neuropsychiatric symp-
toms [1,2]. Anti-NMDAR-E is considered the most common form of autoimmune en-
cephalitis and is increasingly recognized in clinical practice; however, its true incidence
remains uncertain [3]. The most relevant triggers of the disease include ovarian teratomas
and herpes simplex virus 1 (HSV-1) encephalitis; nonetheless, the majority of cases are
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idiopathic [4–6]. Anti-NMDAR-E can occur across a broad range of age groups; however, it
typically involves young adults, predominantly females, although the disease can affect
males [1,5,7]. Warren et al., in the review of demographic data from 633 patients, reported
that the mean age of onset was 22.6 years (age range from 8 months to 84 years), although
253 cases were below 18 years. Among these patients, 492 (77.8%) were females and 141
(22.2%) were males. Furthermore, viral prodrome was observed in 133 cases (21.0%) with
symptoms of fever and headache at the time of onset. Ovarian teratoma was identified in
178 cases (28.1%), and other malignant neoplasms were identified in 28 cases (4.4%) [8].
According to Titulaer et al., the proportion of male patients is higher in the age group above
45 years and among prepubertal patients, which may indicate the role of hormonal factors
in disease development [9].

Ovarian teratomas are the most common tumors belonging to the ovarian germ cell
tumor (OGCT) family [10]. Teratomas originate from totipotent or primitive germ cells and
are formed by somatic-type tissues (atypical to anatomic location of the tumor) derived
from cells belonging to more than one of the primitive embryonic (ectodermal, mesodermal,
endodermal) layers [11–13]. Teratomas may be classified as mature (solid or cystic benign
neoplasms), immature (malignant), or monodermal (specialized) [11,12].

Mature cystic teratomas (MCTs), also referred to as dermoid cysts, are the most com-
mon benign OGCTs [14,15]. As reported by Westhoff et al., the incidence of MCTs is
8.9 cases per 100,000 women [16]. MCTs typically develop in young women at their repro-
ductive age, although they may occur in women of any age [17]. A large retrospective study,
including 501 cases, claims that patients’ median age was 30 years, while the age ranged
from 13 to 76 [18]. The risk factors associated with the occurrence of MCTs are alcohol use,
late menarche with irregular menstruation, infertility, a low number of pregnancies, cystic
teratoma in one’s medical history, and physical activity during adolescence (related to an
anovulatory menstrual cycle) [16]. According to another study of 305 ovarian teratomas,
most MCTs are between 5 and 9 cm in size (average being 7.7 cm), while the largest lesion
was 38 cm [19]. MCTs are more commonly located on the right ovary (72%), although in
about 10% of cases they can be found bilaterally [20].

The cystic cavity of MCTs is lined with a squamous epithelium and typically filled with
sebaceous material that is liquid at body temperature [21]. The cyst is mostly unilocular,
and a dermal papilla (called Rokitansky tubercle) can usually be found extending into
the lumen, which is an important ultrasonographic finding in MCT diagnosis [22–24].
Structures like bones, teeth, and hair are typically found within this protuberance [24].
Considering ectodermal derivatives, Ayhan et al. claims that skin and skin appendages
were found in 100% of samples, and neural tissue was found in 82.5% of cases [18].

Immature teratomas (ITs) occur with an estimated prevalence of 1.5 per
100,000 women [25]. According to Smith et al., ITs constituted 35.6% of all malignant
germ cell tumors [26]. Moreover, the highest incidence of ITs is in the first two decades
of life [27]. Upon gross examination, the tumors were typically unilateral and larger than
mature cystic teratomas. Histologically, immature teratomas contain both mature and im-
mature tissues derived from embryonic germ cell layers, where immature neuroepithelium
is the most significant diagnostic and grading feature [28].

Patients who had anti-NMDAR-E associated with ovarian teratoma were considerably
younger, with a mean age of 20.8 years compared to 42.3 years in patients without anti-
NMDAR-E. Ovarian teratomas in patients with anti-NMDAR-E were typically unilateral
and smaller (with a mean maximum diameter of 26.1 mm) than in non-anti-NMDAR-E
patients (67.0 mm). Moreover, anti-NMDAR-E-associated teratomas had a lower frequency
of teeth or calcifications and had lower rate of occupation by fat components [29]. Of
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note, another study shows that immature teratomas are more common in anti-NMDAR-E
patients (11.8% of cases) than in patients without anti-NMDAR-E (3% of cases) [30].

2. Immunogenic Properties of Ovarian Teratoma in Anti-NMDAR-E
2.1. Presence and Characteristics of Neural Tissue in Teratomas

Chefdeville et al. reported that the immune environment of neuroglial tissue in ovarian
teratoma is associated with autoimmunity directed against the onconeural antigen NMDAR.
In this study, nervous tissue was identified in all except one (26/27, 96%) of ovarian
teratomas associated with anti-NMDAR-E. In comparison, only about one third of control
(non-anti-NMDAR-E associated) teratomas contained neural tissue [31]. Day et al. suggest
that abnormal neurons found in neuroglial tissue distinguish ovarian teratomas associated
with anti-NMDAR-E and promote the development of autoimmunity [32]. Moreover,
these neuroglial components demonstrated increased glial cellularity and elevated glial
marker expression and are distinguishable from reactive abnormalities commonly found in
ovarian teratomas [31,32].

2.2. Expression of GluN1, Antigenic Mimicry, and Immune Infiltration

Furthermore, these abnormal neurons express the GluN1 subunit of the NMDAR, con-
firming that the same antigen targeted by patients’ antibodies in the CNS is present within
the tumor itself and thereby providing a direct antigenic source for autoimmunity [33,34].
In addition to these tumor-specific features, some studies identified dense immune infil-
trates adjacent to the neuroglial tissue [31–33,35–37]. These lymphoid infiltrates are formed
by B-cells, T-cells, and dendritic cells. Moreover, they may organize tertiary lymphoid
structures with IgG and IgA deposits in direct contact with the neural tissue [31,36]. Addi-
tionally, the deposition of complement component C3d around neuroglial regions suggests
active intratumoral humoral immunity. The neuroglial component of teratomas expresses
genes characteristic of CNS tissue, including GRIN1, which encodes GluN1, glial markers,
synaptic proteins, and the up-regulation of inflammatory cytokine transcripts such as
interleukin-6 (IL-6) and TNF-α. These neural components replicate the architecture of the
central nervous system, thereby creating an antigenic mimic of the brain tissue [38,39].
This molecular similarity gives rise to molecular mimicry, whereby lymphocytes activated
against tumor antigens cross-react with endogenous neuronal receptors, thereby providing
a mechanistic link between ovarian teratoma and autoimmune encephalitis [10].

2.3. Tertiary Lymphoid Structures and Local Antibody Production

The immune architecture of these tertiary lymphoid structure-like (TLS-like) structures
includes follicular dendritic cells and class-switched plasma cells, suggesting that local
B-cell activation and maturation occur within the tumor [31]. Makuch et al. observed
that B lymphocytes, which are present in ovarian teratoma, can produce IgG against
GluN1 in vitro [36]. Altogether, these findings support the concept that the teratoma
functions as a peripheral site of immune initiation, providing both the antigenic target
and the immunological machinery necessary to break tolerance [31–37,40]. Nonetheless,
further studies are required to describe molecular triggers that lead to the loss of immune
tolerance and induce autoimmune disease [31]. Despite the presence of neuroglial tissue
and GluN1 expression in many teratomas, only a small subset of patients develop anti-
NMDAR-E. Indeed, only 3.07% of 163 patients with confirmed ovarian teratoma were
diagnosed with anti-NMDAR-E [41]. Several hypotheses have been proposed to explain
this discrepancy. Although the presence of neuroglial tissue expressing GluN1 is thought
to be an important contributor to disease development, it appears to be insufficient on
its own to trigger anti-NMDAR-E, suggesting that additional tumor- and host-related

https://doi.org/10.3390/biomedicines14092040

https://doi.org/10.3390/biomedicines14092040


Biomedicines 2026, 14, 2040 4 of 25

factors may be involved [31,32]. As described in Section 2.1, Day et al. identified atypical
(dysplastic) neurons in four of five teratomas from patients with anti-NMDAR-E, whereas
such neurons were absent from all 39 control teratomas. In contrast, the presence of CNS
neuronal tissue itself did not significantly differ between cases and controls (4/5 vs. 20/39;
p = 0.36). Abnormal neuroglial elements were also associated with inflammatory infiltrates
in anti-NMDAR-E-associated teratomas. These findings suggest that abnormalities of the
neuronal component and their association with local inflammation, rather than the presence
of neuroglial tissue alone, may contribute to the development of autoimmunity [32].

The presence of tertiary lymphoid structures and local GluN1-specific antibody pro-
duction described above indicated that local immune processes may also be relevant [36].
However, whether differences in antigen presentation or local B-cell selection distinguish
teratomas that trigger anti-NMDAR-E from those that do not has not been established.

The mechanisms explaining why some teratomas trigger a pathogenic immune re-
sponse whereas others do not remain incompletely understood [31]. Furthermore, evidence
supports antibody production both within ovarian teratomas and the CNS, indicating
that peripheral and intrathecal immune responses may contribute to disease pathogene-
sis [36,39,42]. Genetic susceptibility represents a more speculative potential contributing
factor. Although genetic associations have been reported, currently available evidence
remains limited and genetic risk markers remain under investigation [43,44].

3. Immunopathogenesis of Anti-NMDAR-E
Anti-NMDAR-E, caused by autoantibodies against the GluN1 subunit of NMDAR on

the neuronal cell surface, is the most prevalent and severe type of autoimmune encephali-
tis [38]. As described in Section 2, anti-NMDAR-E associated with teratomas uniquely
contains abundant neuroglial tissue. Tumor-derived GluN1 antigen acts as the peripheral
immunological trigger (Figure 1) [31]. The activation of B lymphocytes begins in the periph-
eral immune environment. When antigen is presented by dendritic or stromal cells, T helper
cell-dependent B-cell activation is initiated through MHC class II-peptide recognition and
CD40-CD40L co-stimulation [45,46]. Cytokines, including IL-6, interleukin-21 (IL-21), and
B-cell-activating factor (BAFF), enable activated B-cells to undergo somatic hypermutation
and class-switch recombination within germinal-center-like structures. This process leads
to development of class-switched, high-affinity plasma cells that secrete IgG1 antibodies
that target the GluN1 subunit’s extracellular amino-terminal domain [47,48]. Elevated
CXCL13 chemokine gradients in the CSF during the acute phase of the disease facilitate the
migration of a subset of antibody-secreting plasmablasts into the CNS (Figure 1) [49].

Anti-NMDAR-E is characterized by strong B-cell and plasma-cell responses in both
the peripheral and central compartments. Dense perivascular infiltrates of CD20-positive
B-cells and CD138-positive plasma cells secreting immunoglobulin G (IgG) are detected in
the brain tissue of affected patients, indicating intrathecal antibody production as opposed
to passive diffusion from serum [42]. Moreover, Dalmau et al. found anti-GluN1 IgG
antibodies in cerebrospinal fluid (CSF) of all studied patients, with CSF titers exceeding
serum levels, proving local synthesis [39].

Under normal conditions, through endothelial tight-junction proteins, including oc-
cludin, ZO-1, and claudin-5, the blood–brain barrier (BBB) tightly controls the molecular
exchange between the circulation and the CNS [51]. In the case of anti-NMDAR-E, pro-
inflammatory cytokines and matrix-degrading enzymes temporarily disrupt this barrier,
allowing circulating antibodies to enter the CNS. It has been observed that endothelial acti-
vation and junctional disruption, which increase paracellular permeability, are correlated
with elevated levels of IL-6, IL-17, and TNF-α and related mediators in serum and CSF [48].
Moreover, the concurrent overexpression of CD44 and matrix metalloproteinase-9 (MMP-9)
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promotes leukocyte trafficking and basement membrane degradation, further destabilizing
BBB integrity (Figure 1) [50].

Figure 1. The immunopathogenesis of anti-NMDAR-E. Schematic overview of the immunopathogenic
mechanisms underlying anti-NMDAR-E associated with ovarian teratoma. Tumor-derived GluN1
is presented by APC to CD4+ Th cells, driving T-cell-dependent B-cell activation and further IgG1
anti-GluN1 antibodies production, which migrate to the CNS. Intrathecal antibody production
and binding of IgG to NMDARs cause cross-linking and receptor internalization, leading to anti-
NMDAR-E. Based on Refs. [31,36,39,42,45–56]. Abbreviations: IL-6, interleukin 6; CD4+ Th cell,
CD4+ T helper cell; APC, antigen-presenting cell; IL-21, interleukin 21; BAFF, B-cell-activating factor;
BBB, blood–brain barrier; LTP, long-term potentiation; CNS, central nervous system. The arrow
represents “reduced.”

In the CNS, plasmablasts maintain intrathecal antibody synthesis, as demonstrated
by the presence of oligoclonal IgG bands and persistent CSF antibody production [54]. By
binding to surface NMDARs, these antibodies induce receptor cross-linking and internal-
ization (Figure 1) [52,57]. The bivalent structure of pathogenic anti-NMDAR antibodies
enables them to cross-link adjacent NMDARs, thereby promoting receptor internalization.
In contrast, monovalent antibody formats do not induce this cross-linking-dependent in-
ternalization, highlighting the importance of antibody valency in this mechanism [52,57].
This distinction provides the mechanistic rationale for ART5803, a monovalent antibody
discussed in Section 6.5, which binds the GluN1 N-terminal domain and blocks pathogenic
antibody binding without inducing receptor internalization [57]. This leads to reduced
receptor density and a transient reduction in glutamatergic signaling, resulting in the disor-
der’s characteristic cognitive, behavioral, and motor symptoms (Figure 1). Furthermore,
this process is reversible and non-cytotoxic. Receptor density and neuronal function return
when antibody titers drop after immunotherapy or tumor removal [52,53].

This results in the rapid, reversible attenuation of NMDAR-mediated currents and
impaired long-term potentiation (LTP), the cellular foundation of learning and memory [55].
Additionally, prolonged antibody exposure disrupts excitatory–inhibitory balance and
large-scale network connectivity, resulting in the neurological manifestations characteristic
of encephalitis, such as seizures and neuropsychiatric symptoms (Figure 1) [56].
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4. Clinical Manifestations
4.1. Clinical Course and Prodromal Symptoms

The clinical course of anti-NMDAR-E typically follows a multistage progression, often
beginning with prodromal flu-like-symptoms (headache, fever, or nausea) and a rapid
onset of psychiatric disturbances (abnormal behavior or cognitive decline), followed by
prominent neurological symptoms (seizures, memory and speech dysfunctions, abnormal
movements), and potentially culminating in autonomic dysregulation (decreased level of
consciousness and respiratory instability) [39,58,59]. Psychiatric symptoms commonly pre-
dominate early in adults, whereas children may present initially with seizures or movement
disorders, as behavioral changes may be overlooked [59]. The transition from psychiatric
to neurological and subsequently to the autonomic phase often occurs over days to weeks,
which creates a temporal pattern that may help to distinguish anti-NMDAR-E from other
psychiatric disorders (Figure 2) [59,60].

Figure 2. Clinical manifestation and therapeutic strategies. Overview of the clinical course and
therapeutic management of anti-NMDAR-E encephalitis. The disease commonly progresses from
prodromal symptoms to psychiatric, neurological, and autonomic manifestations. Treatment includes
tumor resection when applicable, first-line immunotherapy, and escalation to second- or third-line
immunosuppressive therapies in refractory cases. Based on Refs. [5,10,39,58–67].

4.2. Psychiatric, Neurological, and Movement Disorders

Psychiatric symptoms are the most frequent presenting feature (60–80%) in adults and
commonly include acute psychosis, severe agitation, anxiety, insomnia, delusions, hallu-
cinations, and affective disturbances (Figure 2) [5,58,63,67]. Catatonia and disorganized
behavior are also characteristic [58]. In a study by Wang et al., the majority of patients (95%)
exhibited at least one of the psychiatric symptoms [64].

In a study by Dalmau et al., it was indicated that while psychiatric symptoms are
predominant early, more than 95% of patients develop neurological symptoms eventu-
ally [39]. Neurological features of anti-NMDAR-E, as the disease advances, encompass
loss of consciousness, seizures (including generalized or focal seizures), memory impair-
ment (particularly episodic and anterograde amnesia), language dysfunction (dysphasia,
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mutism), and a spectrum of hyperkinetic movement disorders—chorea, orofacial dyskine-
sias and dystonia, stereotypies, myorhythmias, and abnormal postures (Figure 2) [5].

Cognitive deficits, short-term memory loss, and deficits in executive functions are
often profound and may persist in many long-term survivors [10].

4.3. Autonomic Dysfunction

The autonomic stage may occur at various points during the clinical course, sometimes
even throughout the disease, culminating and affecting the prognosis [10,61]. It usually
manifests as profound cardiac arrhythmias, blood-pressure lability, central hypoventi-
lation, and temperature dysregulation [5]. Consequently, dysautonic cardiorespiratory
instability frequently drives admission to intensive care units and is associated with sig-
nificant morbidity [5,61,62]. Specific complications such as sinus node dysfunction and
sinus bradyarrhythmia requiring pacing have been reported [10]. Severe central hypoven-
tilation often requires mechanical ventilation [65]. Temperature fluctuations, periods of
hyperthermia or hypothermia, and diaphoresis may further complicate critical care man-
agement [10,66]. Gastrointestinal dysmotility and hypersalivation also contribute to the
clinical picture (Figure 2) [61]. The risk of autonomic manifestations strictly correlates with
severe encephalopathy and increases significantly when diagnosis and immunotherapy
are delayed [5,63]. Close monitoring and multidisciplinary critical care interventions are
therefore crucial components of management for patients who progress to this stage [5,63].

4.4. Misdiagnosis and Its Clinical Importance

Because the syndrome commonly affects young women, it can be initially misdiag-
nosed as a primary psychiatric disorder, leading to delays in appropriate neurological
investigation [68,69]. Failure to recognize the staged presentation of the disease is a major
contributor to diagnostic delay and poor clinical outcome [5]. Catatonia and disorganized
behavior could be initially mistaken for schizophrenia [58,60]. Frequently, those symptoms
prompt psychiatric referral before neurological signs emerge, resulting in the misdiagnosis
of a previously healthy young woman, before autoimmune etiology is considered [5,58].
Importantly, specific histopathological and immunological features of ovarian teratomas
may contribute to the pathogenesis of anti-NMDAR-E. In particular, teratomas associated
with anti-NMDAR-E frequently contain neuroglial tissue and prominent immune-cell
infiltrates, supporting a potential role of the tumor microenvironment in triggering or
sustaining the autoimmune response. Higher anti-NMDAR antibody titers, rather than
these histopathological features themselves, have been associated with poorer clinical
outcomes [10,31,47,58]. Effective management requires the integration of neuropsychi-
atric and gynecological—and in more advanced cases, neurological, oncological, and
surgical—perspectives [63].

This overall clinical constellation of symptoms, typically combining cognitive and be-
havioral alterations, such as psychosis or catatonia, with movements and speech abnormal-
ities like orofacial dyskinesias creates a repeated pattern of the temporal, pathognomonic,
and clinical trajectory of anti-NMDAR-E. The recognition of the above characteristics
should strictly warrant prompt testing for antibodies against the GluN1 subunit of the
NMDAR, especially in young individuals [5].

5. Diagnostic Findings
5.1. CSF Analysis

Routine cerebrospinal fluid (CSF) and serum testing in patients with suspected anti-
NMDAR-E is essential for establishing an accurate diagnostic assessment (Figure 3) [3].
The primary investigative objective is the detection of IgG antibodies that specifically bind
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to the GluN1 subunit of the NMDAR [3,59]. Although these specific IgG antibodies may
be present in both CSF and serum, CSF analysis provides almost complete sensitivity and
substantially greater diagnostic reliability, and therefore, the detection of IgG anti-GluN1
in CSF is considered a criterion for definitive diagnosis (Figure 3) [47,59,70]. Patients
with confirmed disease may have corresponding negative serum results, which further
underscores the superior diagnostic value of CSF testing [39,47,70].

Figure 3. Diagnosis of anti-NMDAR-E in the CSF. Key diagnostic findings in screening for anti-
NMDAR-E are the detection of anti-GluN1 IgG in CSF. Additional investigations include CSF
analysis, EEG, brain imaging, and screening for and underlying ovarian teratoma. Based on
Refs. [3,5,39,58,59,63,71–75]. Abbreviations: CSF, cerebrospinal fluid; IgG anti-GluN1, immunoglobu-
lin G1 binding to subunit GluN1 of NMDA receptor; US, ultrasound; CT, computed tomography; MRI,
magnetic resonance imaging; PET, positron emission tomography; EEG, electroencephalography.

Quantitative analyses also demonstrate that antibody titers in CSF tend to be higher
in patients with an underlying ovarian teratoma as well as in those with poorer clinical
outcomes [47]. In addition to IgG anti-GluN1 antibodies, CSF IgA NMDAR antibodies
have been proposed as potential biomarkers of an associated ovarian teratoma. Desestret
et al. found that CSF IgA NMDAR antibody positivity was significantly associated with the
presence of ovarian teratoma, whereas no specific clinical features or clinical outcome were
associated with IgA antibody positivity [40]. Moreover, longitudinal CSF testing demon-
strated a decline in antibody titers during follow-up [47]. Importantly, relapse-associated
changes in antibody titers were more frequently detected in CSF than in serum [47]. Beyond
antibody detection, the CSF frequently exhibits nonspecific inflammatory abnormalities,
most commonly lymphocytic pleocytosis, a mild elevation in protein level, and/or the
presence of CSF oligoclonal bands [3,59,75]. Importantly, limitations of serum and CSF
antibody testing include the possibility of rare early false-negative results, which may
necessitate retesting when clinical suspicion persists [3,47].

Nevertheless, the gold standard for detecting pathogenic IgG in CSF is a cell-based
assay (CBA) targeting antibodies against the GluN1 subunit of the NMDAR [47,76]. Both
live- and fixed-cell CBAs are employed in clinical practice, although live CBAs are generally
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considered as the reference method [76]. Results may be corroborated by brain tissue
immunohistochemistry minimizing false-positive and false-negative findings [47,70,77].

5.2. Imaging of Ovarian Teratoma

The first-line imaging modality in women undergoing evaluation for ovarian teratoma-
associated anti-NMDAR-E is abdominal ultrasonography (US), which serves as a pri-
mary screening tool for tumor detection, though its variable sensitivity and limited abil-
ity to detect small or delayed-presenting lesions necessitate further imaging assessment
(Figure 3) [63,72]. Transvaginal pelvic US provides more accuracy than a transabdominal
approach [72]. Typically, a teratoma on ultrasonography manifests as adnexal mass, most
commonly cystic in nature, containing an eccentric protuberance known as the Rokitan-
sky protuberance, which may encompass a heterogenous mix of fat, calcifications, and
other tissues such as hair or teeth [24]. However, when US findings are inconclusive
or clinical suspicion persists despite negative results, pelvic magnetic resonance imag-
ing (MRI) offers enhanced capability for detecting small, bilateral, or morphologically
atypical teratomas that may be occult on US (Figure 3) [72]. It has been indicated that
teratomas in anti-NMDAR-E tend to be smaller, contributing to a risk of being missed
on routine US, MRI, or CT [58,78]. Contrast-enhanced computed tomography (CT) is
particularly effective in demonstrating intratumoral fat and calcified components, whereas
MRI provides superior soft-tissue resolution, with both techniques and combinations of
multiple modalities facilitating the comprehensive evaluation of lesion features and precise
identification (Figure 3) [71,79]. Nevertheless, a negative pelvic US or MRI/CT does not
exclude the possibility of anti-NMDAR-E linked to an ovarian teratoma that was not iden-
tified on initial imaging [78,80–82]. In such cases, FDG-PET scanning has been reported
to reveal hypermetabolic lesions consistent with teratoma; however, it is not routinely
employed (Figure 3) [78].

5.3. Brain MRI and PET

Brain MRI may be used as a contributing diagnostic component but cannot be consid-
ered definitive, as, in many cases including patients with advanced disease, the imaging
findings remain normal [3,83]. Although MRI of the brain can be valuable in differentiat-
ing anti-NMDAR-E from similar neurological disorders, its overall diagnostic reliability
remains limited, as patterns are frequently nonspecific or even entirely unremarkable [63].
The prevalence of brain MRI abnormalities in anti-NMDAR-E varies substantially across
studies, ranging from approximately 11% to 83% in different cohorts, as reported in re-
cent analyses and systematic reviews [84]. The classic imaging profile of anti-NMDAR-E
typically consists of T2/FLAIR hyperintensities with a predilection for unilateral or bi-
lateral hippocampal involvement, whereas abnormalities within the infratentorial brain
parenchyma and spinal cord are rare. Sporadically, leptomeningeal enhancement may also
be detected [85,86].

It has been indicated that functional imaging with brain 18F-FDG PET demonstrates
greater sensitivity than structural MRI, showing characteristic patterns of frontotemporal
and striatal hypermetabolism with relative parietal–occipital hypometabolism [73].

5.4. EEG

In most patients, EEG demonstrates abnormal findings [5,39,87]. EEG patterns of
anti-NMDAR-E may present as focal or diffuse slow or disorganized activity or evidence
of epileptiform activity (Figure 3) [52,59]. Extreme delta brush (EDB) is recognized as a
distinctive electroencephalographic pattern specifically linked to anti-NMDAR-E. However,
despite its relative specificity, it is not a reliably sensitive feature (Figure 3) [74,88]. Jeannin-
Mayer et al. analyzed several additional EEG abnormalities, including excessive beta
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activity (EBA), slow waves, EDB, GRDA (Generalized Rhythmic Delta Activity), spikes,
sharp waves, and seizure activity. The study demonstrated a temporal sequence of EEG
changes involving EBA, EDB, and GRDA and their occurrence in 71%, 58%, and 50% of
patients, respectively [89]. From a clinical and prognostic standpoint, EEG may serve as a
more valuable tool than MRI, especially for patients exhibiting delta-range abnormalities
or EDB, as those factors are associated with a higher likelihood of ICU admission and
poorer outcomes [87,88].

5.5. Diagnosis

The diagnosis of probable anti-NMDAR-E, according to the framework proposed by
Graus et al., is allowed when three key criteria are met. These include the following: First,
there must be a rapid onset (less than 3 months) of at least four of the six proposed major
groups of clinical symptoms, namely psychiatric/behavioral abnormalities or cognitive
dysfunction, speech dysfunction (verbal reduction, mutism, pressured speech), seizures,
movement disorders (dyskinesias, muscle rigidity/abnormal postures), decreased level
of consciousness, autonomic dysfunction, or central hypoventilation. Second, there are
relevant EEG and/or CSF abnormal findings. Third, there is the exclusion of alternative di-
agnosis through appropriate differential assessment (Figure 2) [59]. Alternatively, probable
anti-NMDAR-E may also be diagnosed in patients exhibiting three symptoms of the major
clinical groups in the presence of a systemic teratoma [59].

Anti-NMDAR-E is considered definite when at least one suggestive clinical symptom
is accompanied by the detection of IgG antibodies against GluN1 detected in CSF after
other possible causes have been ruled out [59].

6. Therapeutic Strategies
6.1. Acute-Phase Management and Intensive Care

Once anti-NMDAR-E is diagnosed, there is a need to further assess the complications
in nervous, respiratory, and cardiovascular systems [90]. Especially, those with teratoma
may present more severe neurological conditions, higher incidence of fever, and arrhythmia.
They more often need mechanical ventilation [91].

Consequently, most patients are admitted to an intensive care unit [92]. Supportive
measures include the management of seizures, agitation using antipsychotics, antiepileptics,
continuous cardiovascular monitoring, and ventilatory assistance [93].

6.2. Surgical Removal of Ovarian Teratoma

Underlying tumors are considered a major cause of autoimmune encephalitis; thus,
the removal of even small tumors should be a part of comprehensive treatment that may
decrease the risk of relapse and improve long-term outcomes (Figure 2) [91].

The surgical approach depends on tumor histology. Mature teratomas are usually
treated with simple excision, while immature teratomas are usually treated with uni-
lateral salpingo-oophorectomy with staging. Bilateral resection is reserved for bilateral
disease [91]. Iyengar et al. showed that aggressive ovarian resection does not confer im-
proved one-year functional outcomes in comparison to more conservative approaches, such
as function-sparing resection in patients with anti-NMDAR-E [92]. Early surgery provides
the opportunity for better management of the disease. Dalmau et al. showed that patients
who underwent tumor identification and resection within the initial four months following
the onset of neurological symptoms demonstrated improved outcomes compared to the
remaining patient cohort [70]. Resection lowers relapse risk by approximately 23% [91].
Additionally, relapses are less common in patients with ovarian teratoma undergoing
surgical procedure compared with patients without ovarian teratoma [91,94].
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6.3. First-Line Immunotherapy

The standard first-line regimen includes high-dose intravenous corticosteroids, in-
travenous immunoglobulin (IVIG), and plasma exchange (PLEX) (Figure 2) [63]. It was
reported that patients receiving immunotherapy in combination with surgery showed
faster neurological recovery and improved outcomes [95]. A full recovery may be achieved
in more than 80% of women with mature teratoma and more than 70% of women with
immature teratoma over a period of several months to years (Figure 2) [58]. Delayed tumor
removal, which is defined as a time interval of one month or more between the onset of
symptoms and surgery, or delayed initiation of immunotherapy for more than 4 weeks
after symptom onset, is associated with poorer 1-year functional status (p = 0.012) [96,97].
The effectiveness of immunotherapy in patients with teratoma improves significantly after
surgical removal, which is relatively ineffective before surgery [94]. These observations
suggest that immunotherapy often remains an important component of treatment even
after tumor resection. Management requires a multidisciplinary team approach.

6.4. Second-Line Immunotherapy

In cases where surgical removal cannot be performed or there is no significant clinical
improvement with first-line therapies, second-line treatment includes rituximab (chimeric
anti-CD20 antibody) or cyclophosphamide (Figure 2) [90]. In pediatric patients, second-line
agents should be administered within 10–14 days of insufficient response [98,99]. Rituximab
can be used alone or in combination with cyclophosphamide. A multicenter Australian
cohort study of 67 adult patients evaluated whether a single course of rituximab reduces
relapse risk and how long its protective effect lasts. Based on the results, the protective
effect of the monoclonal antibody persisted for approximately 6 months after each treatment
course (HR 0.05; 95% CI 0.00–0.48; p = 0.005) and was associated with an 89% (HR 0.11; 95%
CI 0.02–0.70; p = 0.02) reduction in hazard of first relapse. Furthermore, when the initiation
of immunotherapy was delayed for more than 30 days after symptom onset, the relapse
risk was increased (HR 5.81; 95% CI 1.89–17.82; p = 0.002) [100]. Notably, the presence of
teratoma diminished the response to immunotherapy [94]. This may be related to ectopic
NMDAR expression and persistent infiltration by lymphocytes that produce GluN1-IgG in
the teratoma tissue [36,94,101].

6.5. Third Line and Emerging Therapies

Approximately 20–25% of patients exhibit refractory disease, and first- and second-line
therapy remains insufficient. Third-line treatment includes tocilizumab and bortezomib
(Figure 2). Especially, tocilizumab, an anti-IL6-receptor monoclonal antibody, provides an
option in patients resistant to first-line treatment or rituximab [96,102]. The effect of com-
bined immunotherapy with tocilizumab (T)-SIRT—presence of teratoma, administration
of steroid, IVIG, rituximab, and tocilizumab) suggested better outcomes, especially when
completed within 1 month, than conventional regimens without tocilizumab [96]. However,
more studies should be conducted to assess the efficacy of this regimen (Figure 2). Novel
findings suggest that CD20 monoclonal antibodies, especially ofatumumab, may be an
alternative to rituximab and cyclophosphamide for patients with anti-NMDAR-E [103–105].
Moreover, a novel humanized monovalent antibody, ART5803, selectively binds to the
GluN1 N-terminal domain (NTD), which prevents pathogenic antibody binding without
receptor internalization. As a result, synaptic function in preclinical models is restored [57].
The NCT07093333 trial will assess the safety, tolerability, and pharmacokinetics of this
drug in adult participants with a confirmed diagnosis of anti-NMDAR-E or anti-NMDAR
antibody-associated psychiatric disease. Rarely, adjuvant chemotherapy using etoposide
and cisplatin combination provides complete neurological response [106,107]. Table 1 sum-
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marizes selected ongoing and emerging therapeutic approaches in NMDAR-E treatment,
including ART5803, inebilizumab, and satralizumab.

Table 1. Ongoing and emerging therapeutic clinical trials in anti-NMDAR-E.

Investigational
Agent Target/Mechanism Clinical

Development Potential Relevance Study Objective Reference

ART5803

Humanized
monovalent

antibody targeting
the GluN1

N-terminal domain

Phase 2a
(NCT07093333)

Selectively blocks
pathogenic

anti-NMDAR antibody
binding to the GluN1
N-terminal domain
without inducing

receptor internalization,
thereby preserving
synaptic function

Evaluation of
safety, tolerability,

PK, and
preliminary
efficacy in

anti-NMDAR-E

[57]

Inebilizumab
Humanized
anti-CD19

monoclonal
antibody

Phase 2b
(ExTINGUISH;
NCT04372615)

Depletion of B-
cells and plas-

mablasts involved in au-
toantibody production

Evaluation of
safety and efficacy

in patients with
acute NMDAR-E
who experience

moderate-to-
severe disability
after standard

first-line
immunotherapies

[108]

Satralizumab

Humanized
monoclonal antibody

targeting the IL-6
receptor

Phase 3
(NCT05503264)

Targeting IL-6-mediated
neuroinflammation,
persistent immune

activation, and
blood–brain barrier

disruption in
autoimmune
encephalitis

Evaluation of
efficacy, safety, PK,
and pharmacody-
namics in patients

with
anti-NMDAR-E or

anti-LGI1
autoimmune
encephalitis

[109]

Abbreviations: anti-NMDAR-E—anti-N-methyl-D-aspartate receptor encephalitis; NMDAR—N-
methyl-D-aspartate receptor; GluN1—glutamate ionotropic receptor NMDA type subunit 1; IL-6—
interleukin-6; CD19—cluster of differentiation 19; PK—pharmacokinetics; NCT—National Clinical
Trial identifier.

6.6. Long-Term Outcomes, Complications, and Rehabilitation

Recovery from anti-NMDAR-E typically unfolds over ≥18 months [5]. Regression
of abnormalities of the autonomic nervous system can be observed within a few weeks,
followed gradually—months to years—by improvement of the remaining symptoms, espe-
cially noticeable after tumor removal [90]. After 36 months of disease onset, one-third had
impairment in one or more cognitive function, and two-thirds scored below-average on
at least one domain as compared with the normative population. Approximately 70% of
patients with anti-NMDAR-E returned to their duties in school or work, and a quarter of
them later returned at a lower level [110].

Although overall prognosis remains favorable, patients may experience long-term
cognitive deficits and increased levels of neuropsychiatric symptoms, including post-acute
depressiveness, anxiety, sleep problems, and increased fatigue during recovery. Memory
and concentration difficulties are also commonly observed [111]. Moreover, younger age
at onset is associated with worse long-term adaptive behavior despite no differences in
neurologic disability [112].

Impairment of cognitive outcomes occurs more frequently in patients with greater
severity of disease during the acute phase, delayed treatment, and longer acute phase of
the disease [113]. The most common impairments were working memory, verbal episodic
memory, and executive function because of the highest density of NMDAR distribution
in the hippocampus and frontal lobes [114–116]. Most patients showed no or minimal

https://doi.org/10.3390/biomedicines14092040

https://doi.org/10.3390/biomedicines14092040


Biomedicines 2026, 14, 2040 13 of 25

affective symptoms of depression and anxiety at the first study visit [117]. Between 10
and 32% of patients experienced moderate or mild symptoms of depression. Anxiety was
reported in 11.5–60% of patients with the intensity being clinically relevant, moderate,
or mild [117–119].

Given these challenges, neuropsychological assessment, proper memory strategies,
and rehabilitation should be implemented. Each patient requires a multidisciplinary care
approach involving psychiatrists, neurologists, psychotherapists, neuropsychologists, and
speech or occupational therapists to provide proper recovery [111]. Immunotherapy-related
(SIR and SIRT) adverse events include pneumonia, urinary tract infection, neutropenia,
lymphopenia, acute kidney injury, and eosinophilia [96]. They should be monitored and
managed properly to improve the quality of the treatment.

6.7. Fertility and Pregnancy Considerations

Anti-NMDAR-E is one of the leading causes of non-infectious encephalitis in preg-
nancy, with ovarian teratoma present in approximately 35.9–43% of pregnancy-associated
cases [120,121]. Maternal NMDAR antibodies, predominantly of the IgG1 subclass, may
cross the placenta and be transferred to the fetus, with potentially harmful effects [122].
Furthermore, NMDAR-IgG antibodies can remain detectable even after clinical remis-
sion [36,123]. Thus, it is important to consider not only disease onset during pregnancy, but
also cases in which both onset and recovery occurred prior to pregnancy [121]. Neurological
symptoms in infants are likely due to a combination of the transient pathogenic effects of
maternal antibodies and the effects of antiseizure medications (ASM), immunomodulatory
therapies (IMT), and other drugs used during pregnancy [122]. Newborns of mothers with
anti-NMDAR-E may present with both neurological and non-neurological perinatal symp-
toms, including movement abnormalities, impaired reflexes, respiratory distress, infections,
hypoglycemia, and low birth weight [120]. However, most newborns are healthy at birth.
Joubert et al. reported that 90% of analyzed cases were healthy with normal 5 min APGAR
scores at birth despite exposure to NMDAR antibodies [122]. The APGAR score is a rapid
clinical assessment performed at 1 and 5 min after birth to evaluate a newborn’s condition
based on heart rate, respiration, muscle tone, reflexes, and skin color [124]. Furthermore, all
children with available follow-up showed normal development [122]. Harris et al. found
no strong evidence of adverse neonatal outcomes, although reporting was generally limited.
Among fifty-three neonates, seven (13%) were clinically compromised, with low Apgar
scores, respiratory insufficiency, or neurological abnormalities [121]. In most tested cases
with adverse outcomes, neonatal NMDAR-IgG seropositivity was detected, supporting a
potentially harmful transplacental transfer of maternal autoantibodies [120–122,125,126].
Ueda et al. also highlighted that the absence of maternal serum NMDAR antibodies was
associated with favorable neonatal outcomes [127]. A review found no significant differ-
ences in maternal outcomes, with 36/51 (71%) of pregnancy-associated cases achieving
full recovery or minimal disability compared to 918/1284 (72%) achieving a Modified
Rankin Scale (mRS) score of 0–2. Maternal mortality rates were also comparable (4/51,
8% vs. 81/1284, 6%) [121,128]. Overall, the association between anti-NMDAR-E and preg-
nancy remains incompletely understood [129]. The literature is limited and still evolving;
however, the management of pregnancy in anti-NMDAR-E requires an individualized
approach to balance maternal and fetal risks related to disease activity, autoantibodies,
and therapy [120,121].

Beyond pregnancy outcomes, fertility preservation is an important consideration in
women of reproductive age with anti-NMDAR-E. Ovarian teratoma removal may impact
the future fertility of the patient, especially when both ovaries are involved. However,
fertility preservation is often achievable, and it has been reported in several case reports.
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Ovarian tissue cryopreservation may be an option when the clinical course of the disease is
more severe. Nevertheless, the careful pathological evaluation of the contamination risk of
preserved tissue with teratoma components is essential [130].

7. Prognosis
7.1. Functional Outcome Metrics (mRS, CASE)

The MRS is an established scale used to evaluate the level of daily functional im-
pairment or dependence in patients affected by stroke or other neurological disorders
(Table 2) [10,91]. It is commonly used for measuring outcome and treatment response dur-
ing hospitalization and in the follow-up periods in patients with anti-NMDAR-E [91,131].
A good outcome is defined as a mRS score ranging from 0 to 2 points, in contrast to a mRS
score ranging from 3 to 6 points, which are considered unfavorable outcomes. Clinical
improvement is characterized by a reduction of ≥1 point in the mRS score relative to the
previous visit. A poor response is identified when the mRS score shows no improvement,
or the mRS score remains ≥4 for a duration of four weeks [91]. The Titulaer et al. study
included 179 patients with ovarian teratoma associated with anti-NMDAR-E who were
treated with first-line immunotherapy (most often, steroids and IVIG) and tumor removal
if applicable. Clinical improvement within 4 weeks and a mRS of 0–2 within 24 months
occurred in 103 patients. Those without early improvement could receive second-line
immunotherapy, which proved beneficial: second-line treatment significantly increased
the odds of a good outcome by approximately 170% in patients who failed first-line im-
munotherapy (odds ratio [OR] 2.69; CI 1.24–5.80; p = 0.012) [5].

The Clinical Assessment Scale in Autoimmune Encephalitis (CASE) is also an al-
ternative tool that can be used to estimate outcomes more precisely. It consists of nine
symptoms—seizure, memory dysfunction, psychiatric symptoms, consciousness, language
problems, dyskinesia/dystonia, gait instability and ataxia, brainstem dysfunction, and
weakness—which are scored from 0 to 3, resulting in a total score ranging from 0 to 27. An
increased CASE score correlates with a poorer prognosis [96,132].

The CASE and mRS generally demonstrate a moderate correlation [133]. However, the
CASE addresses key limitations of the mRS, particularly its limited sensitivity to non-motor
symptoms in autoimmune encephalitis, including neuropsychiatric manifestations such
as memory impairment and psychiatric dysfunction [134,135]. In teratoma-associated
anti-NMDAR encephalitis, patients typically present with predominantly neuropsychiatric
phenotypes, which is better captured by the CASE score, whereas the mRS primarily reflects
global functional disability [10,63]. Accordingly, CASE demonstrates greater sensitivity to
clinical changes, whereas differences between the two scales are most evident in severe
disease and less pronounced in milder phenotypes. Therefore, CASE is useful for monitor-
ing disease severity and treatment response. However, clinical use of the CASE remains
limited, and construct validity is not yet fully established; therefore, further validation
across subtypes and populations is required [133,134].

Table 2. Modified Rankin Scale used for functional outcome assessment in anti-NMDAR-E. Based
on Ref. [136].

Modified Rankin Scale—mRS
Grade 0 No neurological symptoms
Grade 1 Minor symptoms without significant impact; able to perform all usual activities
Grade 2 Mild disability; unable to do all previous activities; can manage own affairs independently
Grade 3 Moderate disability; needs some help; able to walk without assistance
Grade 4 Moderately severe disability; unable to walk without assistance
Grade 5 Severe disability; bedridden; incontinent; requires continuous care
Grade 6 Death
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7.2. Other Factors

Early treatment, no need for admission to an ICU, and a low level of anti-NMDAR
antibodies in CSF and in serum are associated with good outcome [5,97]. A longer time to
treatment initiation is associated with significantly worse outcomes. In the multivariable
model, Titulaer et al. presented that increasing (log-transformed) treatment delay resulted
in lower odds of achieving a good outcome by approximately 38% (OR 0.62 CI 0.50–0.76;
p < 0.0001). Moreover, ICU admission is a strong predictor of poor outcome, reducing the
odds of achieving a favorable outcome by 88% (OR 0.12 CI 0.06–0.22; p < 0.0001) [5].

It is also worth mentioning that there are two symptoms that occur significantly more
frequently in patients with tumors—central hypoventilation and decreased conscious-
ness [91,131]. If these symptoms appear in encephalitis, they may be associated with a
higher risk of poor functional status: 39% versus 18% without central hypoventilation and
31% versus 18% without reduced consciousness [97].

7.3. Age

Age younger than 2 years and older than 65 years at the initiation of the disease is
associated with increased odds of poor outcome (3.6-fold and 3.8-fold), while adolescents
(12–19 years) had 2.6-fold increased odds for good outcome compared to patients aged
between 20 and 65 years at the onset of anti-NMDAR-E [128]. Moreover, among female
patients below the age of 45, poorer prognosis tended to occur in patients with older
age [137]. Younger age seems to be a risk factor for the occurrence of immature teratomas,
with a median age of 22 years old (12–38 years), compared to MT, with a median age of 25
(15–45) [10,30].

7.4. Relapse of Encephalitis

The definition of a relapse of encephalitis is the worsening of previous symptoms with
the increase of ≥1 in mRS or the onset of new ones after at least two months of improvement
or stability [10]. Relapses occur more often in non-tumor patients than in those diagnosed
with tumors. The paraneoplastic origin of the disease is associated with a lower frequency
of relapses. It decreases the risk by 68% (HR 0.32; CI 0.12–0.87; p = 0.02). Overall, the
relapse rate of encephalitis in patients with ovarian teratoma was approximately 15% and
24–33.3% without tumor [91,138]. On the contrary, Titulaer et al. reported a mean relapse
frequency of 12%. The difference between studies could be caused by different diagnostic
criteria and earlier onset of treatment. The mean time to relapse in patients with ovarian
teratoma is longer than without teratoma (71 ± 4.463 vs. 43.001 ± 3.401).

Relapses of anti-NMDAR-E are less severe than the first episode. The number of
symptoms during relapses is significantly lower than in the first episode of the disease.
According to the study by Ciano-Persen et al., approximately 55% of patients have only
one symptom and 33% have two symptoms. In the case of the first episode of the disease,
approximately 89% of patients have three or more symptoms. Moreover, the maximal mRS
recorded at the first episode was higher than that at relapse (median 5, range 3–5, IQR 1 vs.
median 3, range 0–6, IQR 1; p = 0.0001) [139].

In contrast to the positive influence on predictive functional outcome at 12 months,
adolescent age (12–19 years) is associated with a higher risk of relapse (OR 2.18; CI 1.18–4.15;
p = 0.01) [128]. These findings underscore the critical influence of early diagnosis, particu-
larly at a young age, and highlight the importance of the prompt initiation of therapy to
minimize the risk of relapse and improve long-term outcomes.
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8. Future Perspectives
Despite major advances in understanding the pathophysiology of anti-NMDAR-E,

many aspects of its pathophysiology, early diagnosis, and long-term management remain
incompletely resolved. Current therapeutic approaches, including tumor resection and
first-line immunotherapy, are effective for most patients, yet a significant number of them
experience relapses or cognitive complications. Therefore, ongoing research is focused on
identifying biomarkers of disease activity, refined animal models, and exploring novel ther-
apeutic targets aimed at preventing or reversing antibody-mediated neuronal dysfunction.

Lao et al. created a mouse model of anti-NMDAR-E to study the process underlying
BBB damage. They demonstrated that the activation of the p38 MAPK signaling pathway in
brain endothelial cells resulted in increased vascular permeability, neuronal inflammation,
and the loss of tight-junction proteins, such as occludin, ZO-1, and claudin-5. The treatment
with selective p38 MAPK inhibitor SB203580 alleviated neurological symptoms, reduced
leakage, and restored junctional integrity. These results suggest that p38 MAPK activa-
tion drives BBB disruption, suggesting that its inhibition could be a potential therapeutic
approach in anti-NMDAR-E [140]. Building on these findings, Li et al. showed that periph-
eral immune activation also contributes to BBB dysfunction. Circulating monocytes from
patients with anti-NMDAR-E exhibited elevated levels of interferon regulatory factor 7
(IRF7) expression and type I interferon signaling, leading to the release of pro-inflammatory
cytokines and endothelial dysfunction promoting antibody entry into the CNS [141]. To-
gether, these studies highlight both central and peripheral mechanisms contributing to
barrier impairment and uncover signaling pathways that may be targeted to reduce CNS
inflammation in anti-NMDAR-E.

Experimental models have provided important insights into the downstream effects of
teratoma-induced autoimmunity. Ding et al. was the first to establish an active immuniza-
tion mouse model of anti-NMDAR-E by repeatedly injecting C57BL/6 mice with a peptide
corresponding to amino acids 356–385 of the GluN1 subunit’s amino-terminal domain. As
a result, the immunized mice produced specific anti-GluN1 antibodies, which were de-
tectable in serum and CSF. The mice developed hippocampal inflammation, loss of surface
receptor clusters, impaired long-term potentiation (LTP), and memory deficits—closely
mirroring what is observed in humans. This model demonstrated that antibody production
alone is sufficient to reproduce the synaptic and behavioral consequences of anti-NMDAR-
E [142]. Based on their work, Yang et al. examined the role of the NLRP3 inflammasome, a
major innate immune signaling complex that increases neuroinflammation by activating
caspase-1 and releasing IL-1β and IL-18, using a similar immunization strategy. Affected
mice showed elevated NLRP3 expression in the hippocampus and microglial activation.
The pharmacological inhibition of this pathway with MCC950 led to attenuated cytokine
release, decreased neuronal injury, restored synaptic plasticity, and markedly improved
learning and memory [143]. Together, these studies show that adaptive and innate im-
mune responses act jointly to maintain neuroinflammation, providing a foundation for
developing more targeted therapeutic strategies.

Maudes et al., in their 2025 study, developed an active immunization mouse model
by injecting mice with GluN1 356–385, the same peptide as Ding et al. Similar to Ding’s
results, this immunization led to the production of anti-GluN1 antibodies, reduced synaptic
NMDAR density, hippocampal inflammation, and microglial activation. This mirrors the
human disease phenotype. The affected mice showed memory impairment, abnormal
movements, and behavioral alterations, such as anxiety and depressive-like symptoms.
Active neuroinflammation was confirmed by histopathological analysis, which detected
plasma cells and B-cell infiltrates and NMDAR-IgG immune complexes within microglial
endosomes. The majority of electrophysiological and behavioral defects were success-
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fully corrected by treatment with anti-CD20 antibodies and a positive allosteric NMDAR
modulator (SGE-301), and combination therapy prevented relapse following B-cell repopu-
lation [144]. Overall, this model connects mechanistic and therapeutic research, providing
a valuable platform for testing targeted interventions in anti-NMDAR-E.

Among novel therapeutic strategies, the study by Kanno et al. is particularly note-
worthy for introducing an antigen-specific, non-immunosuppressive strategy. ART5803, a
humanized monovalent antibody, was developed that binds to the GluN1 amino-terminal
domain, competitively blocking pathogenic antibody binding without inducing receptor
internalization. Moreover, ART5803 reversed behavioral deficits, prevented NMDAR loss,
and restored function in neuronal cultures and marmoset model [57].

In a mouse model of anti-NMDAR-E, Kong et al. showed that the mTOR inhibitor
Rapamycin reduces oxidative stress and mitochondrial dysfunction. Rapamycin enhanced
neuronal survival and cognitive function by restoring autophagy and mitochondrial home-
ostasis, indicating that cellular metabolism regulation may be a promising adjunctive
strategy to protect against antibody-mediated neuronal injury [145].

Despite substantial advances in understanding ovarian teratoma-associated anti-
NMDAR-E, the available evidence remains limited. The majority of the current knowledge
comes from case reports, retrospective cohort studies, and observational studies, which may
restrict the generalizability of reported findings and introduce selection bias. In addition,
the rarity of the disease and heterogeneity of study populations complicate direct compar-
isons across studies. To strengthen the current evidence base and improve diagnostic and
treatment approaches, more prospective multicenter investigations are required [5,146].

9. Conclusions
Ovarian teratomas associated with anti-NMDAR-E typically consist of abnormal neu-

roglial tissue expressing the GluN1 subunit, which may trigger a pathogenic autoimmune
response. However, the underlying mechanisms for the loss of immune tolerance remain
incompletely understood and require further investigation.

The clinical course of anti-NMDAR-E is challenging due to its nonspecific prodromal
flu-like symptoms and rapid onset of psychiatric manifestations, such as disorganized
behavior, agitation, and anxiety, which evolve into neurological symptoms and autonomic
dysregulation. Consequently, anti-NMDAR-E may be misdiagnosed as a primary psychi-
atric disorder, resulting in delays in appropriate treatment and poorer clinical outcomes.

Surgical removal of ovarian teratoma combined with first-line immunotherapy (high-
dose corticosteroids, IVIG, and plasma exchange) is associated with favorable long-term
outcomes in the majority of patients when treatment is initiated early. Additional im-
munotherapeutic strategies may be required in refractory or relapsing cases.

Despite substantial advances in understanding ovarian teratoma-associated anti-
NMDAR-E, important knowledge gaps remain. The mechanisms responsible for the
loss of immune tolerance, factors influencing disease susceptibility, and determinants of
treatment response require further investigation. Future research should prioritize the
identification of reliable biomarkers, validation of emerging therapeutic strategies, and the
development of prospective multicenter studies to strengthen the current evidence base.
Continued progress will require close collaboration between gynecologists, neurologists,
immunologists, and psychiatrists.
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Abbreviations

AI Artificial intelligence
APC Antigen-presenting cell

ART5803
Humanized monovalent monoclonal antibody targeting the GluN1
N-terminal domain

BAFF B-cell-activating factor
BBB Blood–brain barrier
CASE Clinical Assessment Scale in Autoimmune Encephalitis
CBA Cell-based assay
CNS Central nervous system
CSF Cerebrospinal fluid
CT Computed tomography
CXCL13 C-X-C motif chemokine ligand 13
EBA Excessive beta activity
EDB Extreme delta brush
EEG Electroencephalography
ICU Intensive care unit
IgA Immunoglobulin A
IgG Immunoglobulin G
IL-6 Interleukin-6
IL-17 Interleukin-17
IL-18 Interleukin-18
IL-21 Interleukin-21
IRF7 Interferon regulatory factor 7
IVIG Intravenous immunoglobulin
LTP Long-term potentiation
MCT Mature cystic teratoma
MMP-9 Matrix metalloproteinase-9
MRI Magnetic resonance imaging
MT Mature teratoma
NLRP3 NOD-like receptor family pyrin domain-containing 3
NMDAR N-methyl-D-aspartate receptor
Anti-NMDAR-E Anti-NMDA receptor encephalitis
NR1 Former name of the GluN1 subunit of the NMDA receptor
NTD N-terminal domain
OGCT Ovarian germ cell tumor
PET Positron emission tomography
PLEX Plasma exchange
SB203580 p38 MAPK inhibitor
SGE-301 Positive allosteric modulator of NMDAR used in experimental models
SIR Steroid and IVIG with rituximab regimen
SIRT Steroid, IVIG, and rituximab regimen
T-SIRT Teratoma removal with steroid, IVIG, rituximab, and tocilizumab regimen
TLS Tertiary lymphoid structure
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TNF-α Tumor necrosis factor alpha
US Ultrasound
mRS Modified Rankin Scale
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63. Banach, W.; Banach, P.; Szweda, H.; Wiśniewski, A.; Andrusiewicz, M.; Gurynowicz, I.; Szepieniec, W.K.; Szymanowski, P.
Ovarian teratoma-associated Anti-NMDAR encephalitis in women with first-time neuropsychiatric symptoms: A meta-analysis
and systematic review of reported cases. Heliyon 2024, 10, e36042. [CrossRef] [PubMed]

64. Wang, W.; Zhang, L.; Chi, X.S.; He, L.; Zhou, D.; Li, J.M. Psychiatric Symptoms of Patients With Anti-NMDA Receptor Encephalitis.
Front. Neurol. 2019, 10, 1330. [CrossRef]

65. Zou, X.; Jing, X.Y.; Zhou, G.E. Risk factors for central hypoventilation in anti-N-methyl-D-aspartate receptor encephalitis. Front.
Immunol. 2025, 16, 1718192. [CrossRef] [PubMed]

66. Wang, H.; Xiao, Z. Current Progress on Assessing the Prognosis for Anti-N-Methyl-D-Aspartate Receptor (NMDAR) Encephalitis.
BioMed Res. Int. 2020, 2020, 7506590. [CrossRef] [PubMed]

67. Subeh, G.K.; Lajber, M.; Patel, T.; Mostafa, J.A. Anti-N-Methyl-D-Aspartate Receptor Encephalitis: A Detailed Review of the
Different Psychiatric Presentations and Red Flags to Look for in Suspected Cases. Cureus 2021, 13, e15188. [CrossRef] [PubMed]

https://doi.org/10.3390/biomedicines14092040

https://doi.org/10.1212/01.wnl.0000278388.90370.c3
https://www.ncbi.nlm.nih.gov/pubmed/17898324
https://doi.org/10.1002/acn3.444
https://www.ncbi.nlm.nih.gov/pubmed/29159189
https://doi.org/10.1016/s1474-4422(13)70282-5
https://www.ncbi.nlm.nih.gov/pubmed/24360484
https://doi.org/10.3389/fimmu.2022.1064007
https://www.ncbi.nlm.nih.gov/pubmed/36761173
https://doi.org/10.1001/jamaneurol.2014.2956
https://www.ncbi.nlm.nih.gov/pubmed/25436993
https://doi.org/10.1186/s12974-023-02841-7
https://www.ncbi.nlm.nih.gov/pubmed/37481571
https://doi.org/10.3389/fneur.2023.1283511
https://www.ncbi.nlm.nih.gov/pubmed/38145121
https://doi.org/10.1523/jneurosci.0167-10.2010
https://www.ncbi.nlm.nih.gov/pubmed/20427647
https://doi.org/10.1093/brain/awu310
https://www.ncbi.nlm.nih.gov/pubmed/25392198
https://doi.org/10.47936/encephalitis.2020.00038
https://www.ncbi.nlm.nih.gov/pubmed/37492497
https://doi.org/10.1016/j.celrep.2023.113166
https://www.ncbi.nlm.nih.gov/pubmed/37768823
https://doi.org/10.1111/epi.14662
https://www.ncbi.nlm.nih.gov/pubmed/30740690
https://doi.org/10.1038/s41467-025-60628-1
https://www.ncbi.nlm.nih.gov/pubmed/40527893
https://doi.org/10.1186/s13023-014-0157-x
https://www.ncbi.nlm.nih.gov/pubmed/25312434
https://doi.org/10.1016/s1474-4422(15)00401-9
https://www.ncbi.nlm.nih.gov/pubmed/26906964
https://doi.org/10.2174/157340011797183184
https://www.ncbi.nlm.nih.gov/pubmed/24729779
https://doi.org/10.3389/fneur.2021.609750
https://www.ncbi.nlm.nih.gov/pubmed/33613429
https://doi.org/10.1093/europace/eus014
https://doi.org/10.1016/j.heliyon.2024.e36042
https://www.ncbi.nlm.nih.gov/pubmed/39435085
https://doi.org/10.3389/fneur.2019.01330
https://doi.org/10.3389/fimmu.2025.1718192
https://www.ncbi.nlm.nih.gov/pubmed/41459497
https://doi.org/10.1155/2020/7506590
https://www.ncbi.nlm.nih.gov/pubmed/32352007
https://doi.org/10.7759/cureus.15188
https://www.ncbi.nlm.nih.gov/pubmed/34178509
https://doi.org/10.3390/biomedicines14092040


Biomedicines 2026, 14, 2040 22 of 25

68. Amugoda, C.; Chini Foroush, N.; Akhlaghi, H. Anti-NMDAR Encephalitis: Higher Suspicious Needed for Earlier Diagnosis
(Case Report, Literature Review and Diagnostic Criteria). Case Rep. Neurol. Med. 2019, 2019, 7476254. [CrossRef]

69. Shimoyama, Y.; Umegaki, O.; Agui, T.; Kadono, N.; Minami, T. Anti-NMDA receptor encephalitis presenting as an acute psychotic
episode misdiagnosed as dissociative disorder: A case report. JA Clin. Rep. 2016, 2, 22. [CrossRef] [PubMed]

70. Dalmau, J.; Gleichman, A.J.; Hughes, E.G.; Rossi, J.E.; Peng, X.; Lai, M.; Dessain, S.K.; Rosenfeld, M.R.; Balice-Gordon, R.; Lynch,
D.R. Anti-NMDA-receptor encephalitis: Case series and analysis of the effects of antibodies. Lancet Neurol. 2008, 7, 1091–1098.
[CrossRef] [PubMed]

71. Jaganathan, S.; Ojili, V.; Tirumani, S.H.; Batchala, P.; Kumar, D.; Nepal, P.; Nagar, A. Imaging spectrum of teratomas from head to
toe with special emphasis on complications. Emerg. Radiol. 2025, 33, 83–96. [CrossRef] [PubMed]

72. Jiang, H.; Ye, H.; Wang, Y.; Li, Y.; Wang, Y.; Li, X. Anti-N-Methyl-D-Aspartate Receptor Encephalitis Associated with Ovarian
Teratoma in South China-Clinical Features, Treatment, Immunopathology, and Surgical Outcomes of 21 Cases. Dis. Markers 2021,
2021, 9990382. [CrossRef] [PubMed]

73. Kosek, S.; Kilsved, E.; Danfors, T.; Cunningham, J.L.; Pavel, R.; Rostedt Punga, A.; Burman, J.; Fällmar, D. Regional Metabolic
Abnormalities in Autoimmune Encephalitis: A Meta-analysis of 498 Cases With Brain FDG PET. Clin. Nucl. Med. 2025, 50,
208–213. [CrossRef] [PubMed]

74. Parwani, J.; Ortiz, J.F.; Alli, A.; Lalwani, A.; Ruxmohan, S.; Tamton, H.; Cuenca, V.D.; Gonzalez, D.; Anwer, F.; Eissa-Garcés,
A.; et al. Understanding Seizures and Prognosis of the Extreme Delta Brush Pattern in Anti-N-Methyl-D-Aspartate (NMDA)
Receptor Encephalitis: A Systematic Review. Cureus 2021, 13, e18154. [CrossRef] [PubMed]

75. Abbatemarco, J.R.; Yan, C.; Kunchok, A.; Rae-Grant, A. Antibody-mediated autoimmune encephalitis: A practical approach.
Clevel. Clin. J. Med. 2021, 88, 459–471. [CrossRef] [PubMed]

76. Ricken, G.; Schwaiger, C.; De Simoni, D.; Pichler, V.; Lang, J.; Glatter, S.; Macher, S.; Rommer, P.S.; Scholze, P.; Kubista, H.; et al.
Detection Methods for Autoantibodies in Suspected Autoimmune Encephalitis. Front. Neurol. 2018, 9, 841. [CrossRef] [PubMed]

77. Ciano-Petersen, N.L.; Cabezudo-García, P.; Muñiz-Castrillo, S.; Honnorat, J.; Serrano-Castro, P.J.; Oliver-Martos, B. Current Status
of Biomarkers in Anti-N-Methyl-D-Aspartate Receptor Encephalitis. Int. J. Mol. Sci. 2021, 22, 13127. [CrossRef] [PubMed]

78. Lwanga, A.; Kamson, D.O.; Wilkins, T.E.; Sharma, V.; Schulte, J.J.; Miller, J.; Hassan, I.; Lastra, R.R. Occult teratoma in a case of
N-methyl-D-aspartate receptor encephalitis. Neuroradiol. J. 2018, 31, 415–419. [CrossRef] [PubMed]

79. Saleh, M.; Bhosale, P.; Menias, C.O.; Ramalingam, P.; Jensen, C.; Iyer, R.; Ganeshan, D. Ovarian teratomas: Clinical features,
imaging findings and management. Abdom. Radiol. 2021, 46, 2293–2307. [CrossRef] [PubMed]

80. Xue, H.; Hu, J.; Chen, Y.; Huang, W.; Liu, H.; Xu, H.; Shi, M. Anti-NMDAR encephalitis with delayed ovarian teratoma in a young
woman: A case report with 5 years of follow-up. BMC Neurol. 2024, 24, 377. [CrossRef] [PubMed]

81. Abdul-Rahman, Z.M.; Panegyres, P.K.; Roeck, M.; Hawkins, D.; Bharath, J.; Grolman, P.; Neppe, C.; Palmer, D. Anti-N-methyl-
D-aspartate receptor encephalitis with an imaging-invisible ovarian teratoma: A case report. J. Med. Case Rep. 2016, 10, 296.
[CrossRef] [PubMed]

82. Cirkel, C.; Cirkel, A.; Royl, G.; Frydrychowicz, A.; Tharun, L.; Deichmann, S.; Rody, A.; Münte, T.F.; Machner, B. On the quest for
hidden ovarian teratomas in therapy-refractory anti-NMDA receptor encephalitis: A case report. Neurol. Res. Pract. 2022, 4, 15.
[CrossRef] [PubMed]

83. Bacchi, S.; Franke, K.; Wewegama, D.; Needham, E.; Patel, S.; Menon, D. Magnetic resonance imaging and positron emission
tomography in anti-NMDA receptor encephalitis: A systematic review. J. Clin. Neurosci. 2018, 52, 54–59. [CrossRef] [PubMed]

84. Lei, C.; Chang, X.; Li, H.; Zhong, L. Abnormal Brain MRI Findings in Anti-N-Methyl-D-Aspartate Receptor Encephalitis and
Correlation With Outcomes. Front. Neurol. 2022, 13, 834929. [CrossRef] [PubMed]

85. Zhang, T.; Duan, Y.; Ye, J.; Xu, W.; Shu, N.; Wang, C.; Li, K.; Liu, Y. Brain MRI Characteristics of Patients with Anti-N-Methyl-D-
Aspartate Receptor Encephalitis and Their Associations with 2-Year Clinical Outcome. AJNR Am. J. Neuroradiol. 2018, 39, 824–829.
[CrossRef] [PubMed]

86. Beutler, B.D.; Moody, A.E.; Thomas, J.M.; Sugar, B.P.; Ulanja, M.B.; Antwi-Amoabeng, D.; Tsikitas, L.A. Anti-N-methyl-D-aspartate
receptor-associated encephalitis: A review of clinicopathologic hallmarks and multimodal imaging manifestations. World J. Radiol.
2024, 16, 1–8. [CrossRef] [PubMed]

87. Gillinder, L.; Warren, N.; Hartel, G.; Dionisio, S.; O’Gorman, C. EEG findings in NMDA encephalitis—A systematic review.
Seizure 2019, 65, 20–24. [CrossRef] [PubMed]

88. Schmitt, S.E.; Pargeon, K.; Frechette, E.S.; Hirsch, L.J.; Dalmau, J.; Friedman, D. Extreme delta brush: A unique EEG pattern in
adults with anti-NMDA receptor encephalitis. Neurology 2012, 79, 1094–1100. [CrossRef] [PubMed]

89. Jeannin-Mayer, S.; André-Obadia, N.; Rosenberg, S.; Boutet, C.; Honnorat, J.; Antoine, J.C.; Mazzola, L. EEG analysis in
anti-NMDA receptor encephalitis: Description of typical patterns. Clin. Neurophysiol. 2019, 130, 289–296. [CrossRef] [PubMed]

90. Delangle, R.; Demeret, S.; Canlorbe, G.; Chelon, L.; Belghiti, J.; Gonthier, C.; Nikpayam, M.; Uzan, C.; Azaïs, H. Anti-NMDA
receptor encephalitis associated with ovarian tumor: The gynecologist point of view. Arch. Gynecol. Obstet. 2020, 302, 315–320.
[CrossRef] [PubMed]

https://doi.org/10.3390/biomedicines14092040

https://doi.org/10.1155/2019/7476254
https://doi.org/10.1186/s40981-016-0048-3
https://www.ncbi.nlm.nih.gov/pubmed/29497677
https://doi.org/10.1016/s1474-4422(08)70224-2
https://www.ncbi.nlm.nih.gov/pubmed/18851928
https://doi.org/10.1007/s10140-025-02390-x
https://www.ncbi.nlm.nih.gov/pubmed/40965760
https://doi.org/10.1155/2021/9990382
https://www.ncbi.nlm.nih.gov/pubmed/34093900
https://doi.org/10.1097/rlu.0000000000005574
https://www.ncbi.nlm.nih.gov/pubmed/39601059
https://doi.org/10.7759/cureus.18154
https://www.ncbi.nlm.nih.gov/pubmed/34589370
https://doi.org/10.3949/ccjm.88a.20122
https://www.ncbi.nlm.nih.gov/pubmed/34341030
https://doi.org/10.3389/fneur.2018.00841
https://www.ncbi.nlm.nih.gov/pubmed/30364136
https://doi.org/10.3390/ijms222313127
https://www.ncbi.nlm.nih.gov/pubmed/34884930
https://doi.org/10.1177/1971400918763578
https://www.ncbi.nlm.nih.gov/pubmed/29513076
https://doi.org/10.1007/s00261-020-02873-0
https://www.ncbi.nlm.nih.gov/pubmed/33394097
https://doi.org/10.1186/s12883-024-03891-x
https://www.ncbi.nlm.nih.gov/pubmed/39375580
https://doi.org/10.1186/s13256-016-1067-4
https://www.ncbi.nlm.nih.gov/pubmed/27776544
https://doi.org/10.1186/s42466-022-00181-0
https://www.ncbi.nlm.nih.gov/pubmed/35462557
https://doi.org/10.1016/j.jocn.2018.03.026
https://www.ncbi.nlm.nih.gov/pubmed/29605275
https://doi.org/10.3389/fneur.2022.834929
https://www.ncbi.nlm.nih.gov/pubmed/35359628
https://doi.org/10.3174/ajnr.A5593
https://www.ncbi.nlm.nih.gov/pubmed/29567651
https://doi.org/10.4329/wjr.v16.i1.1
https://www.ncbi.nlm.nih.gov/pubmed/38312349
https://doi.org/10.1016/j.seizure.2018.12.015
https://www.ncbi.nlm.nih.gov/pubmed/30597400
https://doi.org/10.1212/WNL.0b013e3182698cd8
https://www.ncbi.nlm.nih.gov/pubmed/22933737
https://doi.org/10.1016/j.clinph.2018.10.017
https://www.ncbi.nlm.nih.gov/pubmed/30611120
https://doi.org/10.1007/s00404-020-05645-9
https://www.ncbi.nlm.nih.gov/pubmed/32556515
https://doi.org/10.3390/biomedicines14092040


Biomedicines 2026, 14, 2040 23 of 25

91. Dai, Y.; Zhang, J.; Ren, H.; Zhou, X.; Chen, J.; Cui, L.; Lang, J.; Guan, H.; Sun, D. Surgical outcomes in patients with anti-N-methyl
D-aspartate receptor encephalitis with ovarian teratoma. Am. J. Obstet. Gynecol. 2019, 221, 485.e1–485.e10. [CrossRef] [PubMed]

92. Iyengar, Y.; Hébert, J.; Climans, S.A.; Muccilli, A.; Lee, S.; Boruah, A.P.; Thakur, K.T.; Solnik, J.; Wennberg, R.A.; Day, G.S.; et al.
Ovarian resection in anti-N-methyl-D-aspartate receptor encephalitis: A comparison of surgical approaches. Front. Neurol. 2022,
13, 1043785. [CrossRef] [PubMed]

93. Liu, Y.; Tian, Y.; Guo, R.; Xu, X.; Zhang, M.; Li, Z.; Xiao, Y.; Cao, W.; Gao, H.; Kong, D.; et al. Anti-NMDA Receptor Encephalitis:
Retrospective Analysis of 15 Cases, Literature Review, and Implications for Gynecologists. J. Healthc. Eng. 2022, 2022, 4299791.
[CrossRef] [PubMed]

94. Zhang, H.; Xiong, W.; Liu, X.; Liu, W.; Zhou, D.; Wu, X. Long-Term Prognosis of Patients With Anti-N-Methyl-D-Aspartate
Receptor Encephalitis Who Underwent Teratoma Removal: An Observational Study. Front. Neurol. 2022, 13, 874867. [CrossRef]
[PubMed]

95. Tu, N.P.; Nha, P.B.; Hung, N.D.; Minh, N.H.; Anh, H.N.; Dinh, T.C. Treatment of Anti-NMDA Receptor Encephalitis with Ovarian
Teratoma Removal: A Literature Review and Two Case Reports. Open Access Maced. J. Med. Sci. 2019, 7, 4378–4382. [CrossRef]
[PubMed]

96. Lee, W.J.; Lee, S.T.; Shin, Y.W.; Lee, H.S.; Shin, H.R.; Kim, D.Y.; Kim, S.; Lim, J.A.; Moon, J.; Park, K.I.; et al. Teratoma Removal,
Steroid, IVIG, Rituximab and Tocilizumab (T-SIRT) in Anti-NMDAR Encephalitis. Neurotherapeutics 2021, 18, 474–487. [CrossRef]
[PubMed]

97. Balu, R.; McCracken, L.; Lancaster, E.; Graus, F.; Dalmau, J.; Titulaer, M.J. A score that predicts 1-year functional status in patients
with anti-NMDA receptor encephalitis. Neurology 2019, 92, e244–e252. [CrossRef] [PubMed]

98. Barbagallo, M.; Vitaliti, G.; Pavone, P.; Romano, C.; Lubrano, R.; Falsaperla, R. Pediatric Autoimmune Encephalitis. J. Pediatr.
Neurosci. 2017, 12, 130–134. [CrossRef] [PubMed]

99. Stingl, C.; Cardinale, K.; Van Mater, H. An Update on the Treatment of Pediatric Autoimmune Encephalitis. Curr. Treat. Opt.
Rheumatol. 2018, 4, 14–28. [CrossRef] [PubMed]

100. Seery, N.; Wesselingh, R.; Beech, P.; McLaughlin, L.; Rushen, T.; Halliday, A.J.; Ter Horst, L.; Griffith, S.P.; Forcadela, M.; Tan,
T.H.; et al. Rituximab Use for Relapse Prevention in Anti-NMDAR Antibody-Mediated Encephalitis. Neurol. Neuroimmunol.
Neuroinflamm. 2025, 12, e200395. [CrossRef] [PubMed]

101. Seki, M.; Suzuki, S.; Iizuka, T.; Shimizu, T.; Nihei, Y.; Suzuki, N.; Dalmau, J. Neurological response to early removal of ovarian
teratoma in anti-NMDAR encephalitis. J. Neurol. Neurosurg. Psychiatry 2008, 79, 324–326. [CrossRef] [PubMed]

102. Lee, W.J.; Lee, S.T.; Moon, J.; Sunwoo, J.S.; Byun, J.I.; Lim, J.A.; Kim, T.J.; Shin, Y.W.; Lee, K.J.; Jun, J.S.; et al. Tocilizumab in
Autoimmune Encephalitis Refractory to Rituximab: An Institutional Cohort Study. Neurotherapeutics 2016, 13, 824–832. [CrossRef]

103. Deng, M.; Xiong, J.; Hu, D.; Kong, Z.; Li, T. Case Report: Efficacy of ofatumumab in refractory anti-NMDAR encephalitis: Case
series and literature review. Front. Immunol. 2025, 16, 1557210. [CrossRef] [PubMed]

104. Xue, H.; Jiang, Y.; Qin, L.; Wang, X.; Zhang, M.; Dai, S.; Teng, Y.; Xu, J.; Li, W. Ofatumumab, a Fully Human Anti-CD20 Monoclonal
Antibody, in the Treatment of Severe Refractory Anti-N-methyl-D-Aspartate Receptor Encephalitis: Two Case Reports. Ann.
Indian Acad. Neurol. 2023, 26, 774–777. [CrossRef] [PubMed]

105. Zhang, R.; Wang, L.; Tao, Y.; Zhang, X.; Liu, K.; Song, B.; Xu, Y. The case report of MOG and NMDAR IgG double positive
encephalitis treated with subcutaneous ofatumumab. Front. Immunol. 2023, 14, 1183488. [CrossRef] [PubMed]

106. Nizam, A.; Menzin, A.W.; Whyte, J.S. Anti-NMDA receptor encephalitis with neurologic sequelae refractory to conservative
therapy with complete response to adjuvant therapy. Gynecol. Oncol. Rep. 2020, 33, 100597. [CrossRef]

107. Dizon, A.M.; Samples, K.L.; Kimball, K.J.; Kilgore, L.C. Paraneoplastic Anti-N-Methyl-D-Apartate-Receptor Encephalitis Associ-
ated With an Immature Teratoma. Clin. Ovarian Other Gynecol. Cancer 2012, 5, 97–98. [CrossRef]

108. Wong, K.H.; Day, G.S.; Torner, J.C.; Cudkowicz, M.; Coffey, C.S.; Cho, H.J.S.; Utz, U.; Clifford, D.B.; Katz, E.; Ratchford, J.;
et al. A Phase-2B Double-Blind Randomized International Prospective Trial of Inebilizumab in NMDAR Encephalitis: The
ExTINGUISH Trial. Neurol. Open Access 2025, 1, e000007. [CrossRef] [PubMed]

109. Lee, S.T.; Abboud, H.; Irani, S.R.; Nakajima, H.; Piquet, A.L.; Pittock, S.J.; Yeh, E.A.; Wang, J.; Rajan, S.; Overell, J.; et al. Innovation
and optimization in autoimmune encephalitis trials: The design and rationale for the Phase 3, randomized study of satralizumab
in patients with NMDAR-IgG-antibody-positive or LGI1-IgG-antibody-positive autoimmune encephalitis (CIELO). Front. Neurol.
2024, 15, 1437913. [CrossRef] [PubMed]

110. Brenner, J.; Ruhe, C.J.; Kulderij, I.; Bastiaansen, A.E.M.; Crijnen, Y.S.; Kret, C.N.; Verkoelen, J.C.P.; Tolido, A.A.G.; Thomassen, B.;
Kersten, L.P.; et al. Long-Term Cognitive, Functional, and Patient-Reported Outcomes in Patients With Anti-NMDAR Encephalitis.
Neurology 2024, 103, e210109. [CrossRef] [PubMed]

111. Heine, J.; Boeken, O.J.; Rekers, S.; Wurdack, K.; Prüss, H.; Finke, C. Patient-Reported Outcome Measures in NMDA Receptor
Encephalitis. Neurol. Neuroimmunol. Neuroinflamm. 2025, 12, e200343. [CrossRef] [PubMed]

https://doi.org/10.3390/biomedicines14092040

https://doi.org/10.1016/j.ajog.2019.05.026
https://www.ncbi.nlm.nih.gov/pubmed/31128109
https://doi.org/10.3389/fneur.2022.1043785
https://www.ncbi.nlm.nih.gov/pubmed/36468045
https://doi.org/10.1155/2022/4299791
https://www.ncbi.nlm.nih.gov/pubmed/35340259
https://doi.org/10.3389/fneur.2022.874867
https://www.ncbi.nlm.nih.gov/pubmed/35493811
https://doi.org/10.3889/oamjms.2019.839
https://www.ncbi.nlm.nih.gov/pubmed/32215098
https://doi.org/10.1007/s13311-020-00921-7
https://www.ncbi.nlm.nih.gov/pubmed/32880854
https://doi.org/10.1212/wnl.0000000000006783
https://www.ncbi.nlm.nih.gov/pubmed/30578370
https://doi.org/10.4103/jpn.JPN_185_16
https://www.ncbi.nlm.nih.gov/pubmed/28904568
https://doi.org/10.1007/s40674-018-0089-z
https://www.ncbi.nlm.nih.gov/pubmed/29780690
https://doi.org/10.1212/NXI.0000000000200395
https://www.ncbi.nlm.nih.gov/pubmed/40446185
https://doi.org/10.1136/jnnp.2007.136473
https://www.ncbi.nlm.nih.gov/pubmed/18032452
https://doi.org/10.1007/s13311-016-0442-6
https://doi.org/10.3389/fimmu.2025.1557210
https://www.ncbi.nlm.nih.gov/pubmed/40145095
https://doi.org/10.4103/aian.aian_236_23
https://www.ncbi.nlm.nih.gov/pubmed/38022469
https://doi.org/10.3389/fimmu.2023.1183488
https://www.ncbi.nlm.nih.gov/pubmed/37649484
https://doi.org/10.1016/j.gore.2020.100597
https://doi.org/10.1016/j.cogc.2013.02.002
https://doi.org/10.1212/wn9.0000000000000007
https://www.ncbi.nlm.nih.gov/pubmed/40625668
https://doi.org/10.3389/fneur.2024.1437913
https://www.ncbi.nlm.nih.gov/pubmed/39193150
https://doi.org/10.1212/wnl.0000000000210109
https://www.ncbi.nlm.nih.gov/pubmed/39566012
https://doi.org/10.1212/nxi.0000000000200343
https://www.ncbi.nlm.nih.gov/pubmed/39671210
https://doi.org/10.3390/biomedicines14092040


Biomedicines 2026, 14, 2040 24 of 25

112. Yeshokumar, A.; Gordon-Lipkin, E.; Arenivas, A.; Rosenfeld, M.; Patterson, K.; Blum, R.; Banwell, B.; Venkatesan, A.; Lancaster,
E.; Panzer, J.; et al. Younger Age at Onset Is Associated With Worse Long-term Behavioral Outcomes in Anti-NMDA Receptor
Encephalitis. Neurol. Neuroimmunol. Neuroinflamm. 2022, 9, e200013. [CrossRef] [PubMed]

113. Boeken, O.J.; Heine, J.; Duda-Sikula, M.; Patricio, V.; Picard, G.; Buttard, C.; Benaiteau, M.; Mendes, Á.; Howard, F.; Easton, A.;
et al. Assessment of long-term psychosocial outcomes in N-methyl-D-aspartate receptor encephalitis—The SAPIENCE study
protocol. BMC Neurol. 2024, 24, 322. [CrossRef]

114. Finke, C.; Kopp, U.A.; Pajkert, A.; Behrens, J.R.; Leypoldt, F.; Wuerfel, J.T.; Ploner, C.J.; Prüss, H.; Paul, F. Structural Hippocampal
Damage Following Anti-N-Methyl-D-Aspartate Receptor Encephalitis. Biol. Psychiatry 2016, 79, 727–734. [CrossRef] [PubMed]

115. Finke, C.; Kopp, U.A.; Scheel, M.; Pech, L.M.; Soemmer, C.; Schlichting, J.; Leypoldt, F.; Brandt, A.U.; Wuerfel, J.; Probst, C.; et al.
Functional and structural brain changes in anti-N-methyl-D-aspartate receptor encephalitis. Ann. Neurol. 2013, 74, 284–296.
[CrossRef] [PubMed]

116. McKeon, G.L.; Robinson, G.A.; Ryan, A.E.; Blum, S.; Gillis, D.; Finke, C.; Scott, J.G. Cognitive outcomes following anti-N-
methyl-D-aspartate receptor encephalitis: A systematic review. J. Clin. Exp. Neuropsychol. 2018, 40, 234–252. [CrossRef]
[PubMed]

117. Heine, J.; Kopp, U.A.; Klag, J.; Ploner, C.J.; Prüss, H.; Finke, C. Long-Term Cognitive Outcome in Anti-N-Methyl-D-Aspartate
Receptor Encephalitis. Ann. Neurol. 2021, 90, 949–961. [CrossRef] [PubMed]

118. Wu, H.; Wu, C.; Zhou, Y.; Huang, S.; Zhu, S. Catatonia in adult anti-NMDAR encephalitis: An observational cohort study. BMC
Psychiatry 2023, 23, 94. [CrossRef] [PubMed]

119. Guasp, M.; Rosa-Justicia, M.; Muñoz-Lopetegi, A.; Martínez-Hernández, E.; Armangué, T.; Sugranyes, G.; Stein, H.; Borràs,
R.; Prades, L.; Ariño, H.; et al. Clinical characterisation of patients in the post-acute stage of anti-NMDA receptor encephalitis:
A prospective cohort study and comparison with patients with schizophrenia spectrum disorders. Lancet Neurol. 2022, 21,
899–910. [CrossRef] [PubMed]

120. Scorrano, G.; Dono, F.; Corniello, C.; Consoli, S.; Evangelista, G.; Di Ludovico, A.; Chiarelli, F.; Anzellotti, F.; Di Iorio, A.; Sensi,
S.L. Perinatal outcome in anti-NMDAr encephalitis during pregnancy-a systematic review with individual patients’ data analysis.
Neurol. Sci. 2024, 45, 4211–4227. [CrossRef] [PubMed]

121. Harris, S.L.; Binks, S.N.M.; Skelly, D.; Fourie, H.; Cherrington-Walker, P.; Bajorek, T.; Irani, S.R.; Leite, M.I.; Handel, A.E.;
Al-Diwani, A. Clinical data and reporting quality in NMDAR-antibody encephalitis and pregnancy: A systematic review. BMJ
Neurol. Open 2025, 7, e001005. [CrossRef] [PubMed]

122. Joubert, B.; García-Serra, A.; Planagumà, J.; Martínez-Hernandez, E.; Kraft, A.; Palm, F.; Iizuka, T.; Honnorat, J.; Leypoldt, F.;
Graus, F.; et al. Pregnancy outcomes in anti-NMDA receptor encephalitis: Case series. Neurol. Neuroimmunol. Neuroinflamm. 2020,
7, e668. [CrossRef] [PubMed]

123. Al-Diwani, A.; Theorell, J.; Damato, V.; Bull, J.; McGlashan, N.; Green, E.; Kienzler, A.K.; Harrison, R.; Hassanali, T.; Campo, L.;
et al. Cervical lymph nodes and ovarian teratomas as germinal centres in NMDA receptor-antibody encephalitis. Brain 2022, 145,
2742–2754. [CrossRef] [PubMed]

124. Simon, L.V.; Shah, M.; Bragg, B.N. APGAR Score. In StatPearls; StatPearls Publishing Copyright © 2026; StatPearls Publishing
LLC.: Treasure Island, FL, USA, 2026.

125. Chourasia, N.; Watkins, M.W.; Lankford, J.E.; Kass, J.S.; Kamdar, A. An Infant Born to a Mother With Anti-N-Methyl-d-Aspartate
Receptor Encephalitis. Pediatr. Neurol. 2018, 79, 65–68. [CrossRef] [PubMed]

126. Jagota, P.; Vincent, A.; Bhidayasiri, R. Transplacental transfer of NMDA receptor antibodies in an infant with cortical dysplasia.
Neurology 2014, 82, 1662–1663. [CrossRef] [PubMed]

127. Ueda, A.; Nagao, R.; Maeda, T.; Kikuchi, K.; Murate, K.; Niimi, Y.; Shima, S.; Mutoh, T. Absence of serum anti-NMDAR antibodies
in anti-NMDAR encephalitis mother predicts having healthy newborn. Clin. Neurol. Neurosurg. 2017, 161, 14–16. [CrossRef]
[PubMed]

128. Nosadini, M.; Eyre, M.; Molteni, E.; Thomas, T.; Irani, S.R.; Dalmau, J.; Dale, R.C.; Lim, M.; Anlar, B.; Armangue, T.; et al. Use and
Safety of Immunotherapeutic Management of N-Methyl-d-Aspartate Receptor Antibody Encephalitis: A Meta-analysis. JAMA
Neurol. 2021, 78, 1333–1344. [CrossRef] [PubMed]

129. Jahansooz, J.R.; Kameoka, A.M.; Shibuya, J.; Abramowitz, J. Recurrent anti-NMDA receptor encephalitis in first-trimester
pregnancy with initially antibody-negative CSF. J. Neuroimmunol. 2025, 404, 578602. [CrossRef] [PubMed]

130. Iwata, K.; Hamaguchi, D.; Mizota, T.; Matsuoka, Y.; Miura, K. Successful Treatment of Anti-N-Methyl-D-Aspartate Receptor
Encephalitis With Bilateral Ovarian Teratomas Through Three Surgeries Without Loss of Fertility. Cureus 2025, 17, e81381.
[CrossRef] [PubMed]

131. Zhang, L.; Lu, Y.; Xu, L.; Liu, L.; Wu, X.; Zhang, Y.; Zhu, G.; Hong, Z. Anti-N-methyl-D-aspartate receptor encephalitis with
accompanying ovarian teratoma in female patients from East China: Clinical features, treatment, and prognostic outcomes.
Seizure 2020, 75, 55–62. [CrossRef] [PubMed]

https://doi.org/10.3390/biomedicines14092040

https://doi.org/10.1212/nxi.0000000000200013
https://www.ncbi.nlm.nih.gov/pubmed/35794025
https://doi.org/10.1186/s12883-024-03842-6
https://doi.org/10.1016/j.biopsych.2015.02.024
https://www.ncbi.nlm.nih.gov/pubmed/25866294
https://doi.org/10.1002/ana.23932
https://www.ncbi.nlm.nih.gov/pubmed/23686722
https://doi.org/10.1080/13803395.2017.1329408
https://www.ncbi.nlm.nih.gov/pubmed/28585453
https://doi.org/10.1002/ana.26241
https://www.ncbi.nlm.nih.gov/pubmed/34595771
https://doi.org/10.1186/s12888-022-04505-x
https://www.ncbi.nlm.nih.gov/pubmed/36750806
https://doi.org/10.1016/s1474-4422(22)00299-x
https://www.ncbi.nlm.nih.gov/pubmed/36115362
https://doi.org/10.1007/s10072-024-07448-1
https://www.ncbi.nlm.nih.gov/pubmed/38656594
https://doi.org/10.1136/bmjno-2024-001005
https://www.ncbi.nlm.nih.gov/pubmed/40041614
https://doi.org/10.1212/nxi.0000000000000668
https://www.ncbi.nlm.nih.gov/pubmed/31948997
https://doi.org/10.1093/brain/awac088
https://www.ncbi.nlm.nih.gov/pubmed/35680425
https://doi.org/10.1016/j.pediatrneurol.2017.11.010
https://www.ncbi.nlm.nih.gov/pubmed/29310908
https://doi.org/10.1212/wnl.0000000000000384
https://www.ncbi.nlm.nih.gov/pubmed/24706012
https://doi.org/10.1016/j.clineuro.2017.07.012
https://www.ncbi.nlm.nih.gov/pubmed/28780398
https://doi.org/10.1001/jamaneurol.2021.3188
https://www.ncbi.nlm.nih.gov/pubmed/34542573
https://doi.org/10.1016/j.jneuroim.2025.578602
https://www.ncbi.nlm.nih.gov/pubmed/40184911
https://doi.org/10.7759/cureus.81381
https://www.ncbi.nlm.nih.gov/pubmed/40166784
https://doi.org/10.1016/j.seizure.2019.12.016
https://www.ncbi.nlm.nih.gov/pubmed/31874360
https://doi.org/10.3390/biomedicines14092040


Biomedicines 2026, 14, 2040 25 of 25

132. Lim, J.A.; Lee, S.T.; Moon, J.; Jun, J.S.; Kim, T.J.; Shin, Y.W.; Abdullah, S.; Byun, J.I.; Sunwoo, J.S.; Kim, K.T.; et al. Development of
the clinical assessment scale in autoimmune encephalitis. Ann. Neurol. 2019, 85, 352–358. [CrossRef] [PubMed]

133. Soellradl, E.; von Oertzen, T.J.; Wagner, J.N. Evaluation of the clinical assessment scale for autoimmune encephalitis (CASE) in a
retrospective cohort and a systematic review. Neurol. Sci. 2024, 45, 5423–5428. [CrossRef] [PubMed]

134. Cai, M.T.; Lai, Q.L.; Zheng, Y.; Fang, G.L.; Qiao, S.; Shen, C.H.; Zhang, Y.X.; Ding, M.P. Validation of the Clinical Assessment Scale
for Autoimmune Encephalitis: A Multicenter Study. Neurol. Ther. 2021, 10, 985–1000. [CrossRef] [PubMed]

135. He, Y.; Li, F.; Yang, A.; Yu, C.; Wang, Y.; Zhao, J.; Zang, W. Validation of the clinical assessment scale for autoimmune encephalitis
in a severe autoimmune encephalitis cohort. Front. Immunol. 2024, 15, 1490804. [CrossRef] [PubMed]

136. Harrison, J.K.; McArthur, K.S.; Quinn, T.J. Assessment scales in stroke: Clinimetric and clinical considerations. Clin. Interv. Aging
2013, 8, 201–211. [CrossRef] [PubMed]

137. Sun, Y.; Ren, G.; Ren, J.; Shan, W.; Han, X.; Lian, Y.; Wang, T.; Wang, Q. The Association Between Age and Prognosis in Patients
Under 45 Years of Age With Anti-NMDA Receptor Encephalitis. Front. Neurol. 2020, 11, 612632. [CrossRef] [PubMed]

138. Gabilondo, I.; Saiz, A.; Galán, L.; González, V.; Jadraque, R.; Sabater, L.; Sans, A.; Sempere, A.; Vela, A.; Villalobos, F.; et al.
Analysis of relapses in anti-NMDAR encephalitis. Neurology 2011, 77, 996–999. [CrossRef] [PubMed]

139. Ciano-Petersen, N.L.; Villagrán-García, M.; Muñiz-Castrillo, S.; Farina, A.; Vogrig, A.; Goncalves, D.; Nicole, F.; Rogemond, V.;
Picard, G.; Aubart, M.; et al. Relapses in Anti-NMDAR Encephalitis: Clinical Characterization and Predictive Features. Neurol.
Neuroimmunol. Neuroinflamm. 2025, 12, e200421. [CrossRef] [PubMed]

140. Lao, D.; Gong, Z.; Li, T.; Mo, X.; Huang, W. The P38MAPK Pathway Mediates the Destruction of the Blood-Brain Barrier in
Anti-NMDAR Encephalitis Mice. Neurochem. Res. 2024, 50, 21. [CrossRef] [PubMed]

141. Li, Q.; Xiao, L.; Li, J.; Huang, Y.; Shen, S.; Li, H.; Peng, F.; He, H.; Huang, S.; Sun, J.; et al. IRF7 in peripheral monocytes drives BBB
disruption in anti-NMDAR encephalitis. Brain Behav. Immun. 2025, 129, 960–974. [CrossRef] [PubMed]

142. Ding, Y.; Zhou, Z.; Chen, J.; Peng, Y.; Wang, H.; Qiu, W.; Xie, W.; Zhang, J.; Wang, H. Anti-NMDAR encephalitis induced in mice
by active immunization with a peptide from the amino-terminal domain of the GluN1 subunit. J. Neuroinflamm. 2021, 18, 53.
[CrossRef] [PubMed]

143. Yang, X.; Sun, A.; Kong, L.; Yang, X.; Zhao, X.; Wang, S. Inhibition of NLRP3 inflammasome alleviates cognitive deficits in a
mouse model of anti-NMDAR encephalitis induced by active immunization. Int. Immunopharmacol. 2024, 137, 112374. [CrossRef]
[PubMed]

144. Maudes, E.; Planagumà, J.; Marmolejo, L.; Radosevic, M.; Serafim, A.B.; Aguilar, E.; Sindreu, C.; Landa, J.; García-Serra, A.;
Mannara, F.; et al. Neuro-immunobiology and treatment assessment in a mouse model of anti-NMDAR encephalitis. Brain 2025,
148, 2023–2037. [CrossRef] [PubMed]

145. Kong, L.; Yang, X.; Sun, A.; Yang, X.; Zhao, X.; Wang, S. Rapamycin alleviates mitochondrial dysfunction in anti-NMDAR
encephalitis mice. Int. Immunopharmacol. 2024, 132, 111910. [CrossRef] [PubMed]

146. Hoshina, Y.; Smith, T.L.; Wright, M.A.; Day, G.S.; Titulaer, M.J.; Clardy, S.L. Anti-N-methyl-d-aspartate receptor encephalitis:
Insights and future treatment directions. Trends Mol. Med. 2026, 32, 499–512. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/biomedicines14092040

https://doi.org/10.1002/ana.25421
https://www.ncbi.nlm.nih.gov/pubmed/30675918
https://doi.org/10.1007/s10072-024-07642-1
https://www.ncbi.nlm.nih.gov/pubmed/38862652
https://doi.org/10.1007/s40120-021-00278-9
https://www.ncbi.nlm.nih.gov/pubmed/34476753
https://doi.org/10.3389/fimmu.2024.1490804
https://www.ncbi.nlm.nih.gov/pubmed/39687624
https://doi.org/10.2147/cia.S32405
https://www.ncbi.nlm.nih.gov/pubmed/23440256
https://doi.org/10.3389/fneur.2020.612632
https://www.ncbi.nlm.nih.gov/pubmed/33447251
https://doi.org/10.1212/WNL.0b013e31822cfc6b
https://www.ncbi.nlm.nih.gov/pubmed/21865579
https://doi.org/10.1212/nxi.0000000000200421
https://www.ncbi.nlm.nih.gov/pubmed/40532146
https://doi.org/10.1007/s11064-024-04270-1
https://www.ncbi.nlm.nih.gov/pubmed/39560818
https://doi.org/10.1016/j.bbi.2025.07.026
https://www.ncbi.nlm.nih.gov/pubmed/40738265
https://doi.org/10.1186/s12974-021-02107-0
https://www.ncbi.nlm.nih.gov/pubmed/33612107
https://doi.org/10.1016/j.intimp.2024.112374
https://www.ncbi.nlm.nih.gov/pubmed/38851162
https://doi.org/10.1093/brain/awae410
https://www.ncbi.nlm.nih.gov/pubmed/39719005
https://doi.org/10.1016/j.intimp.2024.111910
https://www.ncbi.nlm.nih.gov/pubmed/38552295
https://doi.org/10.1016/j.molmed.2025.09.005
https://www.ncbi.nlm.nih.gov/pubmed/41062340
https://doi.org/10.3390/biomedicines14092040

	Introduction 
	Immunogenic Properties of Ovarian Teratoma in Anti-NMDAR-E 
	Presence and Characteristics of Neural Tissue in Teratomas 
	Expression of GluN1, Antigenic Mimicry, and Immune Infiltration 
	Tertiary Lymphoid Structures and Local Antibody Production 

	Immunopathogenesis of Anti-NMDAR-E 
	Clinical Manifestations 
	Clinical Course and Prodromal Symptoms 
	Psychiatric, Neurological, and Movement Disorders 
	Autonomic Dysfunction 
	Misdiagnosis and Its Clinical Importance 

	Diagnostic Findings 
	CSF Analysis 
	Imaging of Ovarian Teratoma 
	Brain MRI and PET 
	EEG 
	Diagnosis 

	Therapeutic Strategies 
	Acute-Phase Management and Intensive Care 
	Surgical Removal of Ovarian Teratoma 
	First-Line Immunotherapy 
	Second-Line Immunotherapy 
	Third Line and Emerging Therapies 
	Long-Term Outcomes, Complications, and Rehabilitation 
	Fertility and Pregnancy Considerations 

	Prognosis 
	Functional Outcome Metrics (mRS, CASE) 
	Other Factors 
	Age 
	Relapse of Encephalitis 

	Future Perspectives 
	Conclusions 
	References

