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ARTICLE INFO ABSTRACT

Handling Editor: Y Renaudineau The spectrum and understanding of antibody-positive autoimmune encephalitis (AE) have expanded over the
past few decades. In 2007, a rare subtype of AE known as anti-adenylate kinase 5 (AK5) encephalitis, was first
reported. This disease is more common in elderly males, with limbic encephalitis as the core phenotype (char-
acterized by subacute anterograde amnesia, sometimes with psychiatric symptoms, and rarely with seizures).
Brain magnetic resonance imaging typically demonstrated initial temporal lobe T2/fluid-attenuated inversion
recovery hyperintensities, and subsequent atrophy. No concomitant tumors have been found yet. AK5 antibody,
targeting the intracellular antigen, is a biomarker for a non-paraneoplastic T-cell autoimmunity response, and
can be detected in serum and cerebrospinal fluid using tissue-based and cell-based assays. Cytotoxic T-cell-
mediating neuronal injury and loss play a pivotal role in the immunopathogenesis of anti-AK5 encephalitis.
Patients mostly show poor response to immunotherapy and thus a poor prognosis in the long run. Herein, we
review the literature and provide updated knowledge of this less-known entity, focusing on clinical character-
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istics, paraclinical findings, diagnosis process, and therapeutic approaches.

1. Introduction

Autoimmune encephalitis (AE) is an umbrella term for a heteroge-
neous group of non-infectious, immune-mediated inflammatory disor-
ders of the central nervous system [1]. Symptoms typically include
cognitive deficits, psychiatric and behavioral abnormalities, seizures,
movement disorders, autonomic impairments, and disturbances of
consciousness [2]. The majority of AE patients generate antibodies
against neurons, generally divided into two groups depending on the
cellular location of the antigens: intracellular or cell-surface antibodies,
with antibodies targeting N-methyl-p-aspartate receptor (NMDAR) and
leucine-rich glioma-inactivated 1 (LGI1) being the most common [3,4].
Over past two decades, AE researches have led to the discovery and
characterization of a growing body of novel autoantibodies, adding

further depth to the neuroimmunological spectrum [4-6]. In 2007,
scholars from the University of Pennsylvania Hospital, Carolina
Neurological Clinic, and Carmel Internal Medicine & Neurology,
detected limbic encephalitis (LE) associated with autoantibodies against
adenylate kinase 5 (AK5) in two patients [7]. AK5 antibody is a
biomarker for a rare and severe autoimmune LE. Anti-AK5 encephalitis
with LE as the core phenotype has unique characteristics. First, this rare
intracellular antibody of this disorder is scarcely associated with tumors,
similar to typical neuronal cell-surface antibody-related LE, such as
anti-LGI1/contactin-associated protein-like 2 (CASPR2) encephalitis [8,
9]. Second, unfavorable responses to immunotherapies are observed in
most patients with LE and AK5 antibodies, analogous to those patients
with intracellular antibody-related paraneoplastic LE, such as
anti-Hu/Ma2 antibody and anti-kelch-like protein 11 (KLHL11)
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antibody [9,10]. Herein, we summarized the current knowledge on the
clinical and paraclinical features, diagnosis process, and the manage-
ment of anti-AK5 encephalitis.

We searched through PubMed for articles in English published be-
tween January 2007 and June 2022. The search terms were as follows:
(adenylate kinase 5 OR AK5 OR adenylate kinase 5 antibody OR AK5
antibody OR anti-adenylate kinase 5 antibody OR anti-AK5 antibody)
AND (encephalitis OR autoimmune encephalitis OR AE OR limbic en-
cephalitis OR LE). All relevant articles were retrieved, and their refer-
ences were searched to identify as many additional studies as possible.
Based on 6 case series (29 patients), 2 individual case reports (2 pa-
tients), 31 patients with anti-AK5 encephalitis have been identified so
far [7,9,11-15]. Only 1 patient whose critical data was missing was
excluded. Finally, 30 patients with anti-AK5 encephalitis were included
in our review (Supplementary Table 1). More than two-thirds of these
cases were reported in France, followed by the United States and
Germany.

2. Etiology and pathogenic mechanism

The exact causes of anti-AK5 encephalitis remain unknown. Only one
patient reported prodromal upper respiratory tract infection [15]. No
cancer or autoimmune comorbidities were identified. Human leukocyte
antigen (HLA) genetic predispositions were described to be associated
with the occurrence of the disease. In a recent study, 8/11 (72.7 %)
patients with anti-AK5 encephalitis had HLA-II haplotypes
DRB1*03:01-DQA1*05:01-DQB1*02:01, with 6/11 (54.5 %) having
HLA-I haplotypes A1*01:01-B*08:01-C*07:01 as a part of the extended
ancestral HLA haplotype 8.1, which suggested that genetic predisposi-
tion may play a role in the development of anti-AK5 encephalitis [9].
However, the HLA class I haplotype
DQA1*05:01-DQB1*02:01-DRB1*03:01 has also been reported in glu-
tamic acid decarboxylase 65 antibody associated neurological syn-
dromes (stiff-person syndrome, cerebellar ataxia, and LE) [16] and the
HLA class I haplotype A1*01:01-B*08:01-C*07:01 has not been
described in other autoimmune diseases. Studies with larger cohorts are
required to confirm these findings.

The precise mechanism underlying the development of anti-AK5
encephalitis remains unclear. AK5 reversibly catalyzes phosphate
translation between adenine nucleotides and is related to various en-
ergetic signaling mechanisms [17]. AK5 is specifically expressed in the
brain neuronal cytosolic fraction [11]. Unlike other typical neuronal
cell-surface antibody-associated LE (i.e., anti-LGI1/CASPR2 encephali-
tis) for which responsible antibodies play pathogenic roles, no evidence
of direct involvement of antibodies against AK5 has been demonstrated.
Neuropathological analysis from previous studies revealed an expres-
sion of intense granzyme B, activated macrophages/microglia, and
infiltration of immune cells in the brain parenchyma, predominated
with T-cell (CD3™, CD4™, CD8™) [9,13,18], and these results resemble
that observed in patients with paraneoplastic neurological syndrome
with antibodies against intracellular antigens (e.g., Hu, Ma2, KLHL11),
suggesting analogical pathological mechanism that cytotoxic T-cell--
mediating immunological response plays a crucial role in the patho-
genesis of anti-AK5 encephalitis [10,19-21]. Furthermore, similar to LE
with antibodies targeting intracellular antigens, patients with anti-AK5
encephalitis showed poorer response to immunotherapy than those
with antibodies targeting neuronal surface antigens (e.g., NMDAR, LGI1,
CASPR2), thus also indicating different pathogenic mechanisms be-
tween these subtypes [10,11,22-25].

In some circumstances, immune system dysfunctions in individuals
with genetic abnormalities predispose individuals to the occurrence of
anti-AK5 encephalitis. Proteomic analysis revealed upregulated
expression of multiple proteins in patients with anti-AK5 encephalitis.
These proteins possibly form a complex interaction network that in-
terferes with biological processes, including apoptosis signalling path-
ways as well as innate and adaptive immune responses [9]. The
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disintegration of neural apoptosis produces AK5-drived peptides [9].
Recently, it has been found that incomplete degradation or ineffective
clearance of apoptotic cells activates phagocytic cells, such as dendritic
cells and antigen-presenting cells. The subsequent immune pathways
participate in innate/adaptive immune responses, including the release
of cytokines as well as the recruitment and infiltration of autoreactive T
cells (predominately CD4", CD8") [9]. In addition,
phage/microglia may also be involved in the pathogenesis of the disease
via the release of certain cytokines [9,11]. As a result, anti-AK5 en-
cephalitis is initiated by neuroinflammatory injury and progresses into
severe brain atrophy with cumulative irreversible neuronal loss in the
chronic stage [9,11,18]. The possible pathophysiology of anti-AK5 en-
cephalitis is shown in Fig. 1.
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Fig. 1. Schematic overview of the pathophysiological mechanism of anti-AK5
encephalitis. (A) In the context of genetic predisposition, immune system
dysfunction induces complex protein networks that interfere with the apoptosis
signaling pathway and innate and adaptive immune responses. The innate
(phagocytic cells, cytokines, and macrophage/microglia) and adaptive (pre-
dominately CD4", CD8" T cells) immune responses strongly participate in the
pathogenesis of anti-AK5 encephalitis. (B) Two-stage disease course in brain
tissue damage consisting of severe inflammation at the active/early stage and
irreversible cumulative neuronal loss at the progressive/advanced stage. Ab-
breviations: AK5, adenylate kinase 5; APC, antigen-presenting cell; CTLA4,
cytotoxic T lymphocyte-associated antigen 4; MHC, major histocompatibility
complex; TCR, T cell receptor.
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3. Clinical features

Most patients with anti-AK5 encephalitis were elderly men (21/30,
70 %) with a median age of 64 years (range: 48-94 years). The patients
predominantly showed subacute onset (<12 weeks) of clinical symp-
toms. LE was observed in all patients with anti-AK5 encephalitis.
Cognitive impairments, including anterograde amnesia, visuospatial
disorientation, prosopagnosia, aphasia, executive dysfunctions, apraxia,
and attention difficulty, were also observed in all patients (30/30, 100
%). In some severe cases (7/30), it gradually progresses to dementia.
Psychiatric-behavior symptoms (27/30, 90 %), ranging from irritability,
agitation, and aggressiveness to depression, anxiety, and psychosis with
delusion and visual/olfactory hallucinations, were the second most
common clinical characteristics and were observed in 27/30 (90 %)
patients. Seizures appeared to be distinctly uncommon. Only 4/30 (13.3
%) patients experienced seizures (e.g., focal to bilateral tonic-clonic
seizures) during disease course. Impaired consciousness was uncom-
mon, and was only observed in 4/30 patients. In addition, other rare
symptoms, such as sleep disorder (2/30) and dysgeusia (1/30), were
also described. There were no significant differences in clinical features
between the male group and female group. Moreover, none of the pa-
tients had tumors. Fig. 2 shows the common clinical symptoms of anti-
AKS5 encephalitis.

4. Paraclinical findings
4.1. Neuroimaging

Initial magnetic resonance imaging (MRI) revealed that 90 % (27/
30) of the patients had temporal T2/fluid-attenuated inversion recovery
(FLAIR) abnormalities. Of those, brain MRI mostly showed bilateral
mesiotemporal lobe/hippocampi T2/FLAIR (26/30, 86.7 %) hyper-
intensities and sometimes extended to the insula or the frontal lobes. In
addition, approximately one-third of patients (9/30, 30 %) had
gadolinium-enhancing lesions in the temporal lobe (Fig. 3). Later in the
disease course, 24/30 (80 %) patients underwent subsequent MRI, and
the most common abnormalities were temporal lobe atrophy (21/24,
87.5 %), especially in the hippocampus, which may be linked to disease
progression and longer disease duration. The median interval from
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Fig. 2. Summary of clinical symptoms for anti-AK 5 encephalitis. Abbrevia-
tions: AK5, adenylate kinase 5.
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temporal lobe hyperintensities to temporal lobe atrophy on MRI was six
months (range: 2-54 months) in five patients.

4.2. Blood tests and cerebrospinal fluid analysis

Routine blood tests were generally unrevealing. All patients had
abnormal changes in cerebrospinal fluid (CSF). Lymphocytic-
predominant pleocytosis with a median of 22 cells/mL (range: 6-120
cells/mL) were observed in 23/30 patients and elevated protein levels
with median of 65 mg/dL (range: 46-170 mg/dL) in 18/27 patients.
Oligoclonal bands were found in 23/25 patients, and 7/9 patients had
elevated immunoglobulin G (IgG) index (>0.7). Moreover, CSF tau
proteins were overexpressed in 12/14 patients with a median of 934.5
pg/mL (range: 480-3024 pg/mL).

4.3. Antibody detection

Detection of antibodies against AK5 in serum and/or CSF is the
confirmatory diagnostic test for anti-AK5 encephalitis. IgG1 was the
most frequently discovered among all AK5 antibody IgG subclasses
(IgG1-4) [9]. In order to improve diagnostic sensitivity and specificity
for anti-AK5 encephalitis, a combination of the cell-based assay (CBA)
and tissue-based assay (TBA) is recommended. The anti-AK5 encepha-
litis antibodies were detected by TBA for preliminary screening and
were followed by CBA for confirmatory purposes [11,12]. One study
revealed that the median titer of AK5 antibody by CBA in serum was
1:16000 (range: 1:100-1:16000), higher than that in CSF (median titer:
1:2560; range: 1:160-1:48,000) [11]. However, the alterations of anti-
body titer during the disease course (e.g., after immunotherapy) and
their association with disease severity remain unclear. In general, CSF
samples appear to provide superior sensitivity to serum for detecting
AK5 antibody [15]. Considering the intrathecal synthesis of AK5 anti-
body, the specificity of the CSF antibody was relatively higher than that
in serum [15]. Paired tests of serum and CSF samples are firstly sug-
gested, and CSF is preferred if paired tests are unavailable.

5. Diagnostic work-up

The diagnosis of anti-AK5 encephalitis mainly refers to the 2016
diagnostic algorithm proposed by Graus et al. in the Lancet Neurology
[4]. The anti-AK5 encephalitis should be considered in elderly male
patients with subacute progressive anterograde amnesia, psychiatric
symptoms (especially depression) and the absence of seizures, and
radiologically unilateral or bilateral T2/FLAIR hyperintensity of the
limbic lobe on MRI. In addition, the AK5 antibody testing for patients
with LE should also be added in the rare scenario where routine common
antibodies and tumor screening are negative. Considering the extremely
low possibility of paraneoplastic cases based on the current data, tumor
screening at initial diagnostic assessment seems sufficient in patients
with anti-AK5 encephalitis.

Cognitive impairment is one of the typical clinical characteristics of
anti-AKS5 encephalitis and has been part of the diagnostic clue for this
condition. Given anti-AK5 encephalitis is a rare cause of amnestic-
behavioral clinical presentation, various mimics need to be fully
considered as differential diagnoses, such as infectious, neoplastic,
vascular and metabolic/toxic diseases, in particular neurodegenerative
disorders (e.g., Alzheimer’s disease [AD], Creuzfeldt-Jakob disease
[CID]) [9,26]. CSF biomarkers can be especially beneficial for dis-
tinguishing AD and anti-AK5 encephalitis [27]. Compared to patients
with anti-AK5 encephalitis, patients with AD have elevated total-tau
protein and phospho-tau protein level, but decreased amyloid $42/40
in CSF. The clinical diagnosis of CJD can be supported by typical clinical
symptoms (cerebellar symptoms, visual disorders, myoclonus, and
extrapyramidal symptoms), CSF analysis (elevated 14-3-3 protein and
total-tau protein), MRI features (restricted diffusion and FLAIR hyper-
intensities in cortical regions and caudate nucleus) and
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Fig. 3. Representative brain MRI of 3 patients with anti-AK5 encephalitis. (A) Brain MRI for patient 1 revealed mesiotemporal lobe FLAIR hyperintensities (A1) with
contrast enhancement (A2), and atrophy after 3 months (A3). (B) Brain MRI for patient 2 revealed mesiotemporal lobe FLAIR hyperintensities (B1) with contrast
enhancement (B2), and after progression to atrophy (B3). (C) Brain MRI for patient 3 revealed mesiotemporal lobe FLAIR hyperintensities (C1) with faint contrast
enhancement (C2) that evolved to atrophy (C3). Reprinted from Ref 15. Copyright 2022, with permission from Elsevier. Abbreviations: AK5, adenylate kinase 5;

FLAIR, fluid-attenuated inversion-recovery; MRI, magnetic resonance imaging.

electroencephalography findings (classic periodic sharp and slow wave
complexes) [28]. In addition, other epidemiologically more prevalent LE
phenotypic diseases should be excluded with caution (Table 1).

6. Management

Evidence-based guidelines for diagnosing and treating patients with
anti-AK5 encephalitis are absent due to its rarity. Hitherto, the man-
agement regimens for anti-AK5 encephalitis are borrowed from guide-
lines of other common AE types, with immunosuppression as the main
treatment choice [3]. Timely initiation of immunological therapy was
crucial for reducing irreversible neuronal loss and severe neurological
disability.

Approximately 93.3 % (28/30) of patients with available treatment
profiles were administrated with immunotherapeutic agents. In nearly
all cases (96.4 %, 27/28), first-line immunotherapies were administered
at the early stage, with intravenous immunoglobulin (IVIG) (24/28; 0.4
g/kg per day for 5 days) being preferred, followed by intravenous
methylprednisolone (IVMP) (22/28; 1000 mg for a 3-5 days session
with a tapering scheme) and plasma exchange (PLEX) (3/28; 5-7 ses-
sions over 7-14 days). Combined immunotherapies, including IVIG plus
IVMP, or IVMP plus PLEX, were widely used, given its poor response to
monotherapies. The optimal duration of corticosteroid treatment re-
mains unknown, and 3-6 months may be reasonable [1,29].

Approximately 42.9 % (12/28) of patients were administrated with
second-line immunotherapies, including cyclophosphamide (CTX) (10/
28), rituximab (9/28), mycophenolate mofetil (1/28), and azathioprine
(1/28). CTX targeting both T- and B-lymphocytes could be more

appropriate given the cytotoxic T-cell-mediated pathogenesis of anti-
AKS5 encephalitis.

7. Clinical outcome and prognosis

Compared with other neuronal surface antibody-mediated LE, anti-
AK5 encephalitis is associated with a higher refractory course, and
most patients respond poorly to treatment even in combination with
second-line immunotherapies. Progressive deterioration of neurological
function (including mortality) occurred in 30 % (9/30) of patients, while
only 46.7 % (14/30) stabilized, and only 23.3 % (7/30) improved. We
compared the clinical and paraclinical findings in patients with different
outcomes, aiming to identify the underlying risk factors of unsatisfac-
tory prognosis. As a result, seizures were more common in the pro-
gressive decline group than the stabilization/improvement group (4/9
vs. 0/21, P = 0.005), while there were no significant differences in other
clinical symptoms, CSF and MRI profiles (Table 2). Our findings indi-
cated that the presence of seizures was associated with poor clinical
outcome (higher modified Rankin Scale scores). Additionally, there
were no differences in clinical outcomes (stabilization/improvement,
progressive decline) between the patients with first-line immunotherapy
and those with second-line immunotherapy (P = 0.221) (Table 2).

No relapses were reported during the recorded follow-up period
(range: 1-72 months). Nearly two-thirds (19/30, 63.3 %) of anti-AK5
encephalitis patients needed assistance to run daily activities because
of severe amnesia, aphasia, and spatial disorientation. Only 23.3 % (7/
30) of the patients could perform daily activities unaided. Furthermore,
10 % (3/30) of patients died from severe neurological symptoms, such as
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Table 1

Comparison between anti-AK5 encephalitis and other antibody-positive CNS diseases commonly involving limbic system.

Journal of Translational Autoimmunity 7 (2023) 100218

Disease Diagnostic Median age, year Common clinical features Frequency of tumor (%); ~ MRI findings Preferred sample
biomarkers (range); female: associated tumor types types; detection
male ratio (%) methodology

Anti-AK5 Serum/CSF: 64 (48-94); Cognitive impairment (100 %), 0 90 % temporal T2/ CSF; TBA (IFA) and
encephalitis [9, AK5 antibody  1:2.3 psychiatric-behavioral disturbances FLAIR hyperintensity CBA
30] (90 %), prosopagnosia (16.7 %),

speech disorder (16.7 %) and seizure
(13.3 %)

Anti-LGI1 Serum/CSF: 54 (18-85); Cognitive impairment 97 %), seizure <10 %; thymoma, SCLC 75 % mesial temporal Serum; TBA (IFA) and
encephalitis LGI1 1:2 (90 %) and behavioral disturbance lobe T2/FLAIR CBA
[31,32] antibody (90 %) hyperintensity

Anti-CASPR2 Serum/CSF: 65 (60-70);m Cognitive impairment (80 %), seizure ~20 %; mostly 70 % normal, and 24 Serum; TBA (IFA) and
Encephalitis CASPR2 ale predominance (50 %), CA (35 %), neuropathic pain ~ thymoma % bilateral medial CBA
[31,33] antibody (60 %), peripheral nerve temporal lobes T2/

hyperexcitability (55 %), insomnia FLAIR hyperintensity
(55 %) and autonomic dysfunction
(45 %)

Anti-AMPAR Serum/CSF: 57 (3-92); 1:2 Cognitive impairment (82 %), ~60 %,; 60 % temporal lobe CSF; TBA (IFA) and
encephalitis AMPAR psychiatric symptoms (80 %), altered ~ SCLC, thymoma and T2/FLAIR CBA
[34] antibody state of consciousness (77 %), breast cancer hyperintensity

dyskinesia (38 %) and seizure (29 %)

Anti-GABAgR Serum/CSF: 55 (18-76); 1:2 Seizure (93 %), cognitive impairment ~50 %; SCLC 30 % temporal lobe CSF; TBA (IFA) and
encephalitis GABAgR (82 %), psychiatric symptoms (77 %) T2/FLAIR CBA
[32] Antibody and altered state of consciousness (51 hyperintensity

%)

Anti-NMDAR Serum/CSF: 21 (<1-85); 4:1 Psychiatric disorders (90 %), seizure ~40 %; ovarian 70 % normal and non- CSF; TBA (IFA) and
encephalitis NMDAR (82 %), memory loss, motor disorders teratoma specific changes CBA
[35] antibody (75 % adults and 95 % children),

speech disorders and central
hypoventilation

KLHL11-PNS Serum/CSF: 46 (9-79); Rhombencephalitis (70 %), >70 %; testicular germ T2/FLAIR Serum or CSF; TBA
[36-38] KLHL11 predominantly cochleovestibulopathy (30 %; cell tumor (78.7 %), hyperintensities in the ~ (IFA) and CBA

antibody males vertigo, sensorineural hearing loss teratoma (14.8 %) temporal lobe,
and tinnitus) and LE (23 %) brainstem and
cerebellum

Ma2-PNS [20,30, Serum/CSF: Female: 64 Diencephalitis, LE andbrainstem >90 %; testicular cancer ~ T2/FLAIR Serum; TBA (IFA) and
36,39-41] Ma and/or (53-82); encephalitis (47 %), lung cancer (17 hyperintensities in the western blot

Ma2 Male: 34 (22-70); %), other cancers (36 %j; diencephalon,
antibody 1:2 mainly gastrointestinal temporal lobe and
tumors) brainstem

Hu/ANNA-1-PNS Serum/CSF: 69 (36-76); slight Rapid progressive cerebellar >90 %; SCLC (75 %), T2/FLAIR Serum; TBA (IFA) and

[30,40-43] Hu/ANNA-1 female syndrome, brainstem encephalitis, LE =~ NSCLC (10 %), extra- Hyperintensities in western blot
antibody predominance and encephalomyelitis thoracic cancers (15 %) temporal lobe and
cerebellum

Anti-mGluR5 Serum/CSF: 29 (6-75); no Cognitive impairment (91 %), ~55 %; mostly Hodgkin 18 % temporal lobe CSF; TBA (IFA) and
encephalitis mGluR5 predominance psychiatric and behavior disorder lymphoma T2/FLAIR CBA
[44] antibody (91 %), sleep disturbance (64 %), hyperintensities

seizure (55 %), decreased level of
consciousness (55 %) and movement
disorders (45 %)

GAD antibody- Serum: high 60 (29-80); strong  Stiff-person syndrome spectrum, <10 %; SCLC, Temporal lobe T2/ Serum and CSF;
spectrum titre of female cerebellar syndrome, LE, and neuroendocrine tumor, FLAIR hyperintensities ~ radioimmunoassay
diseases [25,30,  GAD65 predominance epilepsy thymoma, breast cancer, and CBA
41,45-48] antibody; (>80 %) non-Hodgkin’s

CSF: GAD65 lymphoma
antibody

Abbreviations: AK5, anti-adenylate kinase 5; AMPAR, alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor; ANNA-1, antineuronal nuclear antibody
type 1; CA, cerebellar ataxia; CASPR2, contactin-associated protein-like 2; CBA, cell-based assay; CLL, chronic lymphocytic leukemia; CNS, central nervous system;
CSF, cerebrospinal fluid; DWI, diffusion-weighted imaging; ELISA, enzyme-linked immunosorbent assay; FLAIR, fluid-attenuated inversion recovery; GABAgR, gamma
aminobutyric acid-B receptor; GAD, glutamic acid decarboxylase; IFA, indirect immunofluorescence assay; KLHL11, kelch-like protein 11; LE, limbic encephalitis;
LGI1, leucine-rich glioma-inactivated 1; mGluR5, metabotropic glutamate receptor type 5; MRI, magnetic resonance imaging; NMDAR, N-methyl-p-aspartate receptor;
NSCLC, non-small cell lung cancer; PCR, polymerase chain reaction; PNS, paraneoplastic neurological syndrome; SCLC, small cell lung cancer; TBA, tissue-based assay.

generalized tonic-clonic seizures.

8. Conclusions and future directions

unfavorable outcomes are observed in most patients, early diagnosis and
timely treatment for anti-AK5 encephalitis are still important. Addi-
tional cases and further investigations are required to better understand
the nature of anti-AK5 encephalitis and develop novel therapies.

AKS antibody has been recognized as a biomarker of a very rare and

severe non-paraneoplastic LE. Anti-AK5 encephalitis should be highly

suspected in elderly males with LE, predominately presenting with

subacute anterograde amnesia with limbic system involvement on MRI.
Paired serum and CSF antibody detection is the most important and
confirming anti-AK5

accurate test

for

encephalitis.
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Table 2
Comparison between the clinical and paraclinical findings in anti-AK5 enceph-
alitis patients with different outcomes.

Characteristics N (%) p
e . value
Stabilization/ Progressive
improvement (N = decline (N =9)
21)
Male 13/21 (61.9) 8/9 (88.9) 0.210
Cognitive deficit 21/21 (100.0) 9/9 (100.0) 0.999
Psychiatric-behavior 20/21 (95.2) 7/9 (77.8) 0.207
change
Seizure 0/21 (0.0) 4/9 (44.4) 0.005
Altered level of 1/21 (4.8) 3/9(33.3) 0.069
consciousness
Bilateral temporal lobe T2/ 19/21 (90.5) 7/9 (77.8) 0.563
FLAIR hyperintensities
Pleocytosis 16/21 (76.2) 7/9 (77.8) 0.999
Positive oligoclonal bands 18/19 (94.7) 5/6 (83.3) 0.430
in CSF
Elevated tau protein level 7/9 (77.8) 5/5 (100.0) 0.505
in CSF
Immunotherapy 0.221
First-line immunotherapy 9/20 (45.0) 6/8 (75.0)
Second-line 11/20 (55.0) 2/8 (25.0)

immunotherapy

The definitions of outcomes (progressive decline, stabilization and improve-
ment) in anti-AK5 encephalitis patients depend on inherent descriptions in
referred literature.
Abbreviations: AK5, anti-adenylate kinase 5; CSF, cerebrospinal fluid; FLAIR,
fluid-attenuated inversion recovery.

? Fisher’s exact test.
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