
Vol.:(0123456789)1 3

Cancer Immunology, Immunotherapy (2022) 71:769–775 
https://doi.org/10.1007/s00262-021-03053-9

REVIEW 

Neurological disorders associated with immune checkpoint inhibitors: 
an association with autoantibodies

Morinobu Seki1 · Shigehisa Kitano2 · Shigeaki Suzuki1 

Received: 7 May 2021 / Accepted: 6 September 2021 / Published online: 13 September 2021 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract
Among diverse neurological immune-related adverse events (irAEs), autoimmune encephalitis, aseptic meningitis, Guillain-
Barré syndrome (GBS), myasthenia gravis (MG), and myositis are particularly important. The clinical presentation may be 
different from that of patients with conditions unrelated to immune checkpoint inhibitors (ICIs). Many of the autoantibodies 
detected in patients’ sera are committed to the pathogenesis, while the clinical significance of such autoantibodies in cases of 
neurological irAEs is different from the significance in cases of typical neuronal disorders. A broad range of clinical symp-
toms complicates the diagnosis of autoimmune encephalitis. The clinical features of aseptic meningitis induced by classical 
drugs are different from those of aseptic meningitis induced by ICIs. Although autoantibodies against synaptic receptors 
or neuronal cell surface proteins are not detected, anti-Ma2 antibodies, which are onconeural antibodies against intracel-
lular proteins, are detected in patients with autoimmune encephalitis associated with ICIs. GBS induced by ICIs sometimes 
shows gradual progression and a relapse of symptoms, suggesting chronic inflammatory demyelinating polyneuropathy. 
Bulbar symptoms and myasthenic crisis are frequently observed in ICI-induced MG. Anti-acetylcholine receptor antibodies 
are found in only half of patients with MG occurring as an irAE. ICI-induced myositis is accompanied by ocular muscle 
symptoms, such as ptosis and diplopia, which can suggest MG. Patients receiving ICI treatment present clinical features 
and laboratory findings that represent a mixture of MG and myositis. Anti-striational antibodies may act as biomarkers in 
cases in which MG and myositis overlap. A correct understanding of neurological adverse events is required to achieve the 
best management of patients.
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Introduction

Immunotherapy with monoclonal antibodies targeting cyto-
toxic T lymphocyte-associated antigen 4 and programmed 
cell death-1 and their ligand has become the standard can-
cer treatment for an increasing number of indications. As 
cancer treatment with these immune checkpoint inhibitors 
(ICIs) has become more common, the safety management 

of immune-related adverse events (irAEs) due to cancer 
immunotherapy has become more important. Today, cancer 
treatment is conducted in cooperation with organ specialists.

The American Society of Clinical Oncology (ASCO) has 
published a guideline for the management of neurological 
irAEs [1]. Since this guideline was published, further clini-
cal findings with irAEs have been accumulated. Importantly, 
the clinical features of neurological irAEs are different from 
the usual clinical presentation. Both clinical oncologists and 
consulting neurologists are now expected to understand the 
disease as a new entity if it occurs as an irAE. The rep-
resentative irAEs are encephalitis, aseptic meningitis, 
Guillain-Barré syndrome (GBS), myasthenia gravis (MG), 
and myositis. Many autoantibodies detected in the routine 
clinical settings are involved in the pathogenesis of these 
immune-mediated disorders.

The use of ICIs causes the activation of autoreactive T 
cell as well as CD8+ cytotoxic T cells against cancers. The 
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activation of autoreactive CD4+ T cells modulate humoral 
immunity, enhancing preexisting autoantibodies or lead-
ing to the production of autoantibodies [2, 3]. Although 
the association between pathogenesis of these antibodies 
and irAEs is not fully elucidated, these autoantibodies are 
expected to be valuable diagnosis biomarkers (Table 1). The 
profiles of the autoantibodies in cases with irAEs are also 
different from those in routine settings. The significance of 
autoantibodies is gradually being elucidated.

In this review, we focus on the associations between 
autoantibodies and representative neurological irAEs.

Autoimmune encephalitis

Autoimmune encephalitis is an increasingly recognized neu-
ropsychiatric condition seen in patients of all ages. Diagnos-
ing an occurrence of autoimmune encephalitis as an irAE 
can be a challenge, as patients present with a broad range 
of clinical symptoms including headache, fever, confusion, 
disorientation, memory impairment, somnolence, and gait 
ataxia. Tremors, seizure, and hallucination are also seen. 
Limbic encephalitis is a common phenotype of encepha-
litis related to ICIs [4]. Cerebellitis presenting gait ataxia, 
dysarthria, and opsoclonus-myoclonus syndrome is also 
described. However, unexpected clinical features can also 
be observed, such as those referred to as atypical syndrome 
[4]. Disease onset is typically acute to subacute over days to 
a few weeks. Since the fatality rate of encephalitis associated 
with ICIs is relatively high, it is important to make a prompt 
and correct diagnosis [5].

Brain MRI and cerebrospinal fluid (CSF) examina-
tions are necessary to diagnose autoimmune encephalitis. 
T2-weighted MRI usually shows high intensity in the tem-
poral lobes; however, there is no remarkable abnormal-
ity in patients with irAE encephalitis. Additionally, MRI 

examinations often demonstrate nonspecific findings or 
abnormal signals in uncommon regions such as the basal 
ganglia [6]. The CSF examination can reveal lymphocyte 
inflammation and elevated protein, but there may be no 
abnormalities. Some patients are difficult to diagnose 
with encephalitis due to the CSF and MRI findings being 
normal, and they are alternatively diagnosed simply with 
“encephalopathy.”

A wide range of disorders, such as encephalitis caused 
by a virus, tuberculosis, a fungus, or bacterial pathogens, 
metabolic or endocrine encephalopathy, and metastatic 
diseases must be excluded before the diagnosis of auto-
immune encephalitis is made. Since elevated adenosine 
deaminase levels in the CSF are found in patients with 
ICI-induced encephalitis, special attention must be paid 
to exclude tuberculous meningitis [7].

Autoimmune encephalitis is associated with autoan-
tibodies against synaptic receptors or neuronal cell sur-
face proteins. Among these autoantibodies, those against 
N‐methyl‐D‐aspartic acid receptor, detected frequently 
in girls or young female patients with ovarian teratoma, 
are well known. However, these autoantibodies have been 
undetectable in ICI-induced encephalitis except in a few 
case reports [4, 8].

Autoimmune encephalitis appears as paraneoplas-
tic syndrome in association with onconeural antibod-
ies against intracellular proteins including anti‐Hu and 
anti‐Ma2 antibodies. Theoretically, the use of ICIs might 
increase the risk of paraneoplastic syndrome. Anti-Ma2 
antibodies were detected in seven of 19 patients with 
autoimmune encephalitis during ICI treatment [4]. In 
addition, there was a clear association between ICI use 
and increased diagnosis of anti-Ma2 antibody-associated 
paraneoplastic syndrome [9]. Thus, differential diagnosis 
between ICI-induced encephalitis and paraneoplastic syn-
drome is potentially difficult [10].

Table 1   Autoantibodies in neurological immune-related adverse events

Autoantibodies Associated diseases Immune-related adverse events

Anti-synaptic receptors or neuronal 
cell surface proteins

Autoimmune encephalitis Undetected; anti-N-methyl-D-aspartate receptor and anti-
contactin-associated protein-like 2, rarely detected

Onconeural antibodies Paraneoplastic syndrome Anti-Ma2 more than anti-Hu, 40% of autoimmune 
encephalitis

Anti-ganglioside antibodies Guillain-Barré syndrome Undetected; anti-GM1, anti-GM2 and anti-GalNAc-GD1a, 
rarely detected

Anti-neuromuscular junction proteins Myasthenia gravis Anti-acetylcholine receptor, 50%; anti-muscle-specific 
kinase, undetected

Myositis-specific antibodies Immune-mediated necrotizing myopathy, 
antisynthetase syndrome, and dermato-
myositis

Undetected; anti-signal recognition particle, anti-aminoacyl 
transfer RNA synthetase and transcriptional intermediary 
factor 1γ, rarely detected

Anti-striational antibodies Thymoma-associated myasthenia gravis Anti-titin and/or anti-Kv1.4, 75% of cases with myasthenia 
and myositis overlap
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An autopsy of a fatal case of encephalitis arising during 
ICI therapy showed vigorous inflammation characterized by 
approximately equal ratios of CD4 + and CD8 + T cells in 
the bilateral temporal lobes and striatum with surrounding 
gliosis and numerous macrophages [5]. Epstein–Barr virus-
specific T cell receptors and Epstein–Barr virus-positive 
lymphocytes in the affected region were identified. This 
may suggest the presence of a viral infection that caused 
ICI-induced autoimmune encephalitis.

Aseptic meningitis

Aseptic meningitis is a clinical syndrome characterized by 
inflammation of the meninges accompanied by leukocytosis; 
however, microbiological testing of the CSF shows nega-
tive results in cases of aseptic meningitis. Therapeutic drugs 
that have been associated with aseptic meningitis include 
nonsteroidal anti-inflammation drugs, antimicrobial drugs, 
anticonvulsants, and intravenous immunoglobulin [11]. The 
clinical features of aseptic meningitis induced by the clas-
sical drugs and those of aseptic meningitis induced by ICIs 
are different.

Patients with aseptic meningitis present with fever, head-
ache, photophobia, meningeal signs, nausea, and vomiting. 
In general, the interval between drug exposure and asep-
tic meningitis is usually 1–2 days. Symptoms are usually 
mild and improve within 1–5 days after discontinuation of 
the causative drugs. In contrast, aseptic meningitis tends to 
occur 10–30 days after the first treatment with ICIs. First, a 
fever appears, and then the disease progresses over several 
days.

Additional manifestations such as confusion, altered 
behavior, seizures, short-term memory loss, and aphasia 
suggest the spread of inflammation to the brain. Since brain 
MRI usually shows no specific findings, discriminating 
between meningitis and encephalitis is difficult. In irAEs, the 
term “meningoencephalitis” is more suitable than “aseptic 
meningitis” [4, 7]. Thus, diagnoses of aseptic meningitis and 
autoimmune encephalitis are usually indistinguishable when 
they occur as irAEs. In fact, the profiles of T cell and mac-
rophage infiltration are commonly observed in the meninges 
and parenchymal regions, including gray matter and perivas-
cular spaces [5].

Guillain‑barré syndrome

GBS is a potentially life-threatening post-infectious disease 
characterized by rapidly progressive, symmetrical weakness 
of the extremities. GBS typically occurs after an infectious 
disease in which the immune response generates antibodies 
that cross-react with gangliosides at nerve membranes.

The occurrence of a preceding infection is less frequent in 
irAE GBS than in typical GBS [12]. Diarrhea in such cases 
is not due to Campylobacter jejuni gastroenteritis, but rather 
to gastrointestinal irAE. Limb weakness, which is observed 
symmetrically and predominantly in the legs, and a result-
ing gait disturbance are common symptoms [12–14]. Bul-
bar involvement and dyspnea are also reported. Nasogastric 
tubes are required due to severe dysphagia. Facial nerves 
are also involved in ICI-induced GBS and are likely to be 
vulnerable in patients receiving ICI treatment [15]. Motor 
weakness progresses rapidly within 14 days, and especially 
within 5 days, thus mimicking typical GBS.

Diagnosis can usually be made on clinical grounds, but 
lumbar puncture and electrophysiological studies can help 
to substantiate the diagnosis and to differentiate the demy-
elinating subtype from the axonal subtype of GBS. In cases 
with irAEs, conduction studies suggest that both demyelina-
tion and axonal involvement are present. The combination 
of elevated protein levels and normal cell counts in the CSF 
is considered a hallmark of GBS. However, CSF frequently 
shows pleocytosis with lymphocytes in patients with irAE 
GBS [12]. Spinal cord MRI may show hypertrophy and con-
trast enhancement of the nerve roots.

Anti-ganglioside antibody specificities are associated 
with particular subsets of GBS and related neurological 
deficits, reflecting the distribution of different gangliosides 
in human peripheral nerves. Autoantibodies against GM1, 
GM2, and GalNAc-GD1a gangliosides were reportedly 
found in GBS patients during ICI treatment [12, 16]. How-
ever, the clinical relevance of anti-ganglioside antibodies is 
likely to be limited.

The authors of previous reports preferred to apply the 
diagnosis of either GBS or chronic inflammatory demyeli-
nating polyradiculoneuropathy (CIDP) to patients with neu-
ropathy related to ICIs based on the chronological changes 
in the disease progression [17, 18]. In some cases, it is more 
appropriate to diagnose CIDP based on the disease’s gradual 
progression and on the relapse of symptoms. However, the 
characteristics of the peripheral neuropathy observed in 
irAEs differ from those of both GBS and CIDP. The cat-
egorization of patients with neuropathy associated with ICI 
therapy in a preexisting disease subset of GBS or CIDP may 
interfere with the correct understanding of this disease sub-
set; alternatively, it seems more appropriate to lump them 
together as “polyradiculoneuropathy” [12, 14].

Myasthenia gravis

MG is an organ-specific autoimmune disorder characterized 
by dysfunctional neuromuscular junctions of skeletal mus-
cles targeted by pathogenic autoantibodies to acetylcholine 
receptor (AChR) or muscle-specific kinase (MuSK). MG 
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is the most representative immune-mediated neurological 
disorder that occurs as an irAE, and its clinical features have 
been described by several authors [19, 20]. MG occurs in 
the early phase after ICI treatment with rapid deterioration. 
Bulbar symptoms and myasthenic crisis are observed more 
frequently than in idiopathic MG [20].

The screening of anti-AChR antibodies is required when 
the development of MG is suspected during ICI treatment. 
However, the positivity rate is estimated to be about 50% 
in patients with ICI-induced MG [21]. In addition, titers of 
anti-AChR antibodies usually present equivocal values, such 
as values under 1.0 nM, when measured by the standard 
radioimmunoassay [20]. In contrast, anti-MuSK antibodies 
are generally not detectable, but one case report showed bor-
derline titers of both anti-AChR and anti-MuSK antibodies 
[22].

The diagnosis of MG cases occurring as irAEs is dif-
ficult when anti-AChR antibodies are undetectable. First, 
MG is characterized by the fluctuation of muscle weakness 
and easy fatigability. Since disease progression is relatively 
rapid, fluctuation is observed less in patients with irAE MG 
than in those with idiopathic MG. In addition, since can-
cer patients frequently experience fatigue, it is difficult to 
evaluate whether easy fatigability is present. Second, the 
assessment of edrophonium tests remains controversial. 
The response to cholinesterase inhibitors is likely to not be 
remarkable, as is observed in patients with idiopathic MG. 
Determining the results of an ice pack test that show the 
improvement of ptosis is also difficult. Third, an abnormal 
decrement in repetitive nerve stimulation is demonstrated in 
limited cases of irAE MG.

Myositis

Inflammatory myopathies (myositis) are a heterogeneous 
group of subacute, chronic, and acute systemic immune-
mediated diseases of the skeletal muscles, and they can 
occur during ICI treatment [3, 23–25]. Patients exhibit 
objective limb and trunk muscle weakness relatively early 
after the initiation of ICI treatment. Myalgia tends to precede 
the muscle weakness. In addition to the common symptoms 
of typical myositis, ICI-induced myositis is accompanied by 
ocular muscle symptoms that are suggestive of MG, such 
as ptosis and diplopia. Bulbar symptoms are also frequent. 
Since extramuscular symptoms including interstitial pneu-
monitis and skin rash are infrequently seen in accompani-
ment with myositis, these symptoms are not specific for 
myositis but may be due to irAEs that are simultaneously 
occurring in other organs.

Serum creatine kinase (CK) levels are markedly increased 
to over 1000  IU/L [3]. Fat-suppression T2-weighted or 
gadolinium enhancement T1-weighted MR images show 

abnormal signals in the corresponding muscles. The muscle 
pathology is characterized by multifocal necrotic myofib-
ers with scattered foci of endomysial inflammation and the 
expression of major histocompatibility complex class I. The 
findings are different from those typical of other subsets of 
myositis such as immune-mediated necrotizing myopathy 
[3, 23]. Further histological analysis has shown a lymphoid 
follicle-like structure with the expression of peripheral node 
addressin and chemokine ligand 21, suggesting the involve-
ment of the tertiary lymphoid organs [26].

Myositis-specific autoantibodies are ideal biomarkers, 
not only for identifying homogeneous subsets of myositis, 
but also for more precisely exploring the potential environ-
mental and genetic factors contributing to the disease. They 
are associated with three major subsets of inflammatory 
myopathies including immune-mediated necrotizing myo-
pathy, antisynthetase syndrome, and dermatomyositis. The 
association between dermatomyositis and malignancy is 
particularly strong in those patients with antibodies to tran-
scription intermediary factor 1γ or nuclear matrix protein 2. 
Myositis-specific autoantibodies are not detected in patients 
with myositis that occurs as an irAE, with some exceptional 
cases [25]. In addition, myositis-associated autoantibodies 
that are found in other rheumatic disorders are occasionally 
detected [24, 27].

Myasthenia and myositis overlap

Multiple neurological diseases can overlap in a single patient 
during ICI treatment [28]. Myasthenia and myositis are the 
conditions that most commonly overlap [3, 19, 20, 23–25]. 
In fact, it is difficult to diagnose MG or myositis indepen-
dently when these conditions occur as irAEs. Patients can 
present both clinical manifestations and laboratory findings 
of a mixture of MG and myositis (Fig. 1).

Myocarditis is also observed as an overlapping condition 
and can cause both severe heart failure and lethal arrhyth-
mias, resulting in a fatal outcome [29, 30]. In fact, many 
researchers have reported that patients with myocarditis have 
shown signs of cardiac involvement in the form of elevated 
myocardial enzymes, electrocardiogram changes, abnormal 
echocardiography, cardiac arrest, or cardiac symptoms prior 
to death. Careful observation is thus necessary to promptly 
diagnose and manage myocarditis. It is noted that respiratory 
insufficiency occurs not only due to myasthenic crisis, but 
also due to myocarditis. As a better clinical practice, it is 
recommended that serum CK measurement and electrocardi-
ography should be monitored before and after ICI treatment 
in order to diagnose myocarditis.

Anti-striational antibodies are preferentially found in 
patients with thymoma-associated MG, although their 
pathogenetic roles are not fully elucidated. The standard 
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method for detecting anti-striational antibodies is indirect 
immunofluorescence of animal skeletal muscle tissue. Since 
titin and Kv1.4 are representative autoantigens, cytometric 
cell-based assays for antibodies against these molecules 
have been established [31]. Many researchers have pointed 
out that anti-striational antibodies were detected in cases in 
which myasthenia and myositis overlap [3, 13, 20, 32–34]. 
Since the positivity rate of anti-striational antibodies seems 
to be approximately 75% in such cases, they are expected 
to be biomarkers that can be used to diagnose overlapping 
myasthenia and myositis.

With regard to the pathogenesis of these overlapping 
conditions, the T cell-mediated autoimmune mechanism 
against molecules in the skeletal and heart muscles may be 
crucial [3]. T cells that are autoreactive to muscle autoan-
tigens including titin, Kv1.4, and others may be latent in 
the peripheral blood. ICI treatment causes the activation of 
cytotoxicity of autoreactive CD8 + T cells resulting in the 
development of myositis and myocarditis. In addition, the 
activation of autoreactive CD4 + T cells leads to the produc-
tion of anti-AChR and anti-striational antibodies.

Practical management

Neurological irAEs are characterized by the following 
traits based on accumulating findings (Supplementary 
Table) [35–37]. Neurological irAEs affect the central 
nervous system, peripheral nerves, neuromuscular junc-
tion, and muscle, each with unique presentation. The esti-
mated frequency of neurological irAEs is 3–5%, which is 
higher than previously recognized. Combination therapy 
with ICIs is expected to produce a remarkable antitumor 
response; however, the risk of severe neurological irAEs is 
upregulated. The prevalence of severe neurological irAEs 

that have a Common Terminology Criteria for Adverse 
Events (CTCAE) grade of 3 or greater was 1.5%, with 
such severe cases more likely to occur in patients receiv-
ing combination therapy [28]. Among the representative 
subsets, overlapping myasthenia and myositis were the 
most frequent, followed by autoimmune encephalitis and 
GBS in order.

Males are affected more than females. Though the asso-
ciation of human leucocyte antigens with neurological irAEs 
has been observed in a small number of patients, further 
investigation is necessary [3, 38]. No tendency for neuro-
logical irAEs to appear with certain types of underlying can-
cer has been observed. The brand of ICI is not associated 
with the risk of neurological irAEs. However, autoimmune 
encephalitis may develop in Asian cancer patients receiving 
atezolizumab with an unexpectedly high frequency [7, 38].

Disease onset occurs in the early phase after the start of 
ICI treatment. The duration from initial ICI administration 
to the onset of neurological irAEs is 6 weeks on average. 
Importantly, disease progression is rapid with a critical clini-
cal course. Respiratory symptoms often require ventilatory 
support. Overlapping neurological manifestations produce 
a unique and distinct clinical spectrum. Appropriate differ-
ential diagnosis is indispensable for the proper management 
of neurological irAEs. There are marked differences in the 
clinical significance of autoantibodies between neuronal 
diseases in the typical clinical setting and those that occur 
as irAEs.

For all but cases with the minimum (CTCAE grade 1) 
neurological symptoms, ICI therapy should be withheld until 
the nature of the irAE is defined [1]. Corticosteroids and/or 
intravenous methylprednisolone are the principal treatment. 
Additional immune-modulating medication is also required 
in cases of severe neurological irAEs. Intravenous immuno-
globulin therapy is also administered. In addition, plasma 
exchange, rituximab, or infliximab are potentially useful.

The neurological symptoms in patients with mild irAEs 
respond promptly and are usually relieved within several 
weeks. In contrast, the treatment response in patients with 
severe irAEs tends to show gradual improvement over sev-
eral months. Some patients continue to suffer from severe 
neurological deficits. Thus, neurological irAEs impair 
patients’ activities and require long-term hospitalization. It 
is generally accepted that an oral corticosteroid should be 
tapered over several months [28]. A maintenance dose such 
as 5–10 mg/day may be required to prevent disease relapse.

The development of irAEs is associated with a survival 
benefit in cancer patients. Since irAEs are predictive of a 
better outcome of treatment with ICIs [39], restarting ICIs 
after the development of neurological irAEs would be 
expected to be effective. The readministration of ICIs is 
potentially associated with the occurrence of a second irAE 
[40]. However, the restarting of ICIs after the development 

Fig. 1   An outline of myasthenia and myositis overlap. Clinical mani-
festations and laboratory findings include a mixture of myasthenia 
gravis and myositis indications. AchR Acetylcholine receptor, ChE-I 
Cholinesterase inhibitors, EMG Electromyogram
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of neurological irAEs may be considered possible when the 
proper diagnosis and management are performed.

Patients with preexisting autoimmune disorders should be 
given the benefit of cancer therapy with ICIs. The exacerba-
tion of autoimmune conditions occurred in 38% of patients, 
but the most flares of autoimmune disorders were mild [41]. 
However, there are no data for patients with preexisting MG 
or myositis. The history of immune-mediated neurological 
diseases does not contraindicate the use of ICIs, but the prac-
tical risk–benefit ratio must be considered.

In conclusion, a correct understanding of neurological 
irAEs is necessary to provide the best oncological treatment.
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