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Abstract
Objective
To define the clinical characteristics, management, and outcome of neurologic immune-related
adverse events (n-irAEs) of immune checkpoint inhibitors (ICIs).

Methods
Systematic review of the literature following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines.

Results
A total of 694 articles were identified. Two hundred fifty-six articles, with 428 individual
patients, met the inclusion criteria. Reports regarding neuromuscular disorders (319/428, 75%)
were more frequent than those on CNS disorders (109/428, 25%). The most common n-irAEs
reports were myositis (136/428, 32%), Guillain-Barré syndrome and other peripheral neu-
ropathies (94/428, 22%), myasthenic syndromes (58/428, 14%), encephalitis (56/428, 13%),
cranial neuropathies (31/428, 7%), meningitis (13/428, 3%), CNS demyelinating diseases (8/
428, 2%), and myelitis (7/428, 2%). Other CNS disorders were detected in 25/428 (6%)
patients. Compared with the whole sample, myasthenic syndromes were significantly more Ab
positive (33/56, 59%; p < 0.001). Anti–programmed cell death protein 1/programmed cell
death ligand 1 was more frequent in myasthenic syndromes (50/58, 86%; p = 0.005) and less
common in meningitis (2/13, 15%; p < 0.001) and cranial neuropathies (13/31, 42%; p =
0.005). Anti–cytotoxic T-lymphocyte antigen-4 ICIs were more frequent in meningitis (8/13,
62%; p < 0.001) and less common in encephalitis (2/56, 4%; p = 0.009) and myositis (12/136,
9%; p = 0.01). Combination of different ICIs was more frequent in cranial neuropathies (12/31,
39%; p = 0.005). Melanoma was more frequent in patients with peripheral neuropathies (64/
94, 68%; p = 0.003) and less common in encephalitis (19/56, 34%; p = 0.001). The highest
mortality rate was reached in myasthenic syndromes (28%).

Conclusion
Considering the increasing use of ICI therapy in the forthcoming future, this information can be
valuable in assisting neurologists and oncologists in early n-irAEs diagnosis and treatment.

RELATED ARTICLE

Editorial
The Role of Immune
Checkpoint Therapy in
Propagating Neurologic
Immune-Related Adverse
Events: Inducing or
“Unmasking”
Autoimmunity?
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Cancer immunotherapy represents one of the major advances
in clinical oncology. In 2011, ipilimumab was approved by the
Food and Drug Administration, after compelling evidence has
shown its efficacy in improving survival in patients with
metastatic melanoma.1 This drug was the progenitor of a new
class of monoclonal antibodies (Abs), collectively referred as
immune checkpoint inhibitors (ICIs).

Immune checkpoints are molecular pathways that prevent the
immune system from attacking self-cells.2,3 Cancer cells are able
to exploit this pathway, thus protecting themselves from immune
surveillance.4 Since 2011, further ICIs were approved in onco-
logic practice, and the therapeutic spectrum now includes agents
acting on the following targets: cytotoxic T-lymphocyte antigen-
4 (CTLA-4: ipilimumab), programmed cell death protein 1
(PD-1: nivolumab, pembrolizumab, and cemiplimab), and pro-
grammed cell death ligand 1 (PD-L1: atezolizumab, avelumab,
and durvalumab). By blocking these downregulators of immu-
nity, ICIs facilitate an immune attack against cancer cells.

Neurologic immune-related adverse events (n-irAEs) are rare
compared with other ICI-related toxicities, with a frequency
of about 1%.5-7 Nevertheless, n-irAEs can be potentially dis-
abling or even fatal. Given the efficacy of ICIs, an increasing
number of patients will be exposed to these drugs in the
forthcoming future. Our current knowledge on how to di-
agnose and treat n-irAEs is based mainly on case reports and
small series, with few large studies available. Moreover, lack of
systematic data is a major limitation in providing evidence-
based recommendations to manage n-irAEs.

Herein, we provide a systematic review of the clinical char-
acteristics, management, and prognosis of neurologic com-
plications of ICIs.

Methods
This systematic review of the literature follows the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. The PRISMA flow diagram is available
from Dryad (supplementary figure 1, doi.org/10.5061/dryad.
d2547d81s).

Primary and Secondary Objectives
The primary aim was to define the relative frequencies of
n-irAEs, their clinical and paraclinical characteristics,

management, and outcome. The secondary aim was to de-
scribe clinically relevant associations between neurologic
syndromes, category of ICI, and type of cancer.

Search Strategy
We performed a comprehensive search in PubMed, PubMed
Central, Cochrane, Scopus, and Web of Science until Sep-
tember 30, 2020. We used the following search string: (“neu-
rology” OR “neurologic complications”) AND (“immune
checkpoint inhibitors”OR “anti-CTLA-4”OR “anti-PD-1”OR
“anti-PD-L1” OR “ipilimumab” OR “tremelimumab” OR
“nivolumab” OR “pembrolizumab” OR “atezolizumab” OR
“avelumab” OR “durvalumab” OR “cemiplimab”). A first
screening of results was performed by titles and abstracts. The
search was then restricted to studies with full text available in
English language. Additional articles were retrieved by search-
ing through the reference lists of all studies. All studies were
carefully evaluated to check whether the cases extracted had
been previously described in other reports, based on authors’
declarations to exclude overlapping cases. This was done using
the aid of an electronic database, shared among the authors.
A.M. and A.B. performed the initial selection and review. Fol-
lowing the identification of relevant studies, information from
each article was independently extracted by 1 of 4 authors
(A.M., A.B., S.M.C., and A.V.). Whenever the retrieved in-
formation was unclear or there was uncertainty about the in-
clusion of 1 report or patient, the decision was taken after a
consensus-based discussion. A.V. supervised the entire sys-
tematic review process.

Participants
Participants of this study were oncologic patients treated with
ICIs having n-irAEs. The inclusion criterion was the presence
of the following clinical information at the single-patient level:
category of ICI adopted, tumor type, neurologic presentation,
treatment, and outcome. Clinical trials or other studies not
providing this set of information were not considered. In
addition, patients with neurologic symptoms developing be-
fore ICI initiation, even if worsened afterward, were excluded.
Clinical information from the included articles was registered
in the database. Whenever available, results of paraclinical
studies (brain, spine, or muscle MRI; CSF and Ab screening)
were also registered.

The cases were classified according to the main neurologic
syndrome in 9 categories: encephalitis, meningitis, CNS de-
myelinating diseases, cranial neuropathies, myelitis, Guillain-

Glossary
AchR = acetylcholine receptor; AQP4 = aquaporin 4; CTLA-4 = cytotoxic T-lymphocyte antigen-4; GBS = Guillain-Barré
syndrome; ICI = immune checkpoint inhibitor; LEMS = Lambert-Eaton myasthenic syndrome; LETM = longitudinally
extensive transverse myelitis;MG = myasthenia gravis;MOG = myelin oligodendrocyte glycoprotein;MusK = muscle-specific
kinase; n-irAE = neurologic immune-related adverse event; NMOSD = neuromyelitis optica spectrum disorder; OCB =
oligoclonal band; PD-1 = programmed cell death protein 1; PD-L1 = programmed cell death ligand 1; PRES = posterior
reversible encephalopathy syndrome.
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Barré syndrome (GBS) and neuropathies (other than cra-
nial), myasthenic syndromes, myositis, and other syndromes
(CNS syndromes not previously specified). Patients pre-
senting with multiple sclerosis or neuromyelitis optica spec-
trum disorder (NMOSD)-like phenotypes were included in
the group of CNS demyelinating diseases. Cranial neuropa-
thies were separated from other neuropathies because their
epidemiology, clinical associations, and management are dif-
ferent in clinical practice. When more than 1 anatomic site
was involved, we categorized the syndrome as the one with
predominant clinical manifestations, and we added further
details on features overlapping with other syndromes. Neu-
rologic outcomes were categorized into 3 categories: im-
provement, stability, or worsening (including death). Because
of the expected differences in follow-up duration and clinical
descriptions, a predetermined definition for the 3 categories
was not provided, and, instead, the outcome was inferred
according to the clinical observation at last follow-up. Out-
come classification was exclusively related to the neurologic

involvement; hence, worsening or death due to tumor pro-
gression or other comorbidities were not considered.

Statistical Analysis
Descriptive analysis is presented as frequencies and percentages
for categorical variables and as median and range for continuous
variables. Categorical datawere analyzedwith the Fisher exact test
(2 tailed). Statistical analyses were performed using R, version
3.5.3 (R Foundation for Statistical Computing, Vienna, Austria).
The Benjamini-Hochberg method for multiple comparisons
correction was used to ensure a false discovery rate of 0.05.

Results
A total of 694 articles were identified in the database searches.
Two hundred fifty-six articles, with 428 individual patients,
met the inclusion criteria (data available from Dryad, sup-
plementary figure 1, doi.org/10.5061/dryad.d2547d81s).
Most of the studies were case reports or small case series; a

Figure 1 Type and Frequency of Neurologic Immune-Mediated Adverse Events of Immune Checkpoint Inhibitors (A) and
Their Mortality Rate (B)
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minority of the articles were large case series or reviews with
detailed information about 1 or more original cases. Publica-
tions regarding neuromuscular disorders (319/428, 75%) were
more frequent than those on CNS disorders (109/428, 25%).
In order of frequency, the most commonly described n-irAEs
were myositis (136/428, 32%), GBS and other peripheral
neuropathies (94/428, 22%), myasthenic syndromes (58/428,
14%), encephalitis (56/428, 13%), cranial neuropathies (31/
428, 7%), meningitis (13/428, 3%), CNS demyelinating dis-
eases (8/428, 2%), and myelitis (7/428, 2%) (figure 1A). The
mortality rate for each syndrome is also presented (figure 1B).
Other syndromes of the CNS not included in the previous
categories were reported in 25/428, 6%. Tables 1–4 summarize
the oncologic data, ICI treatment associations, Ab spectrum,
treatment, and outcome for n-irAEs.

Neuromuscular Disorders (N = 319)

Myositis (N = 136)
We identified a total of 136 cases with muscle involvement
(136/428, 32%; table 1), being therefore the most frequently
described neurologic adverse effect of ICIs. Patients manifested
a spectrum of disease ranging from oligosymptomatic hyper-
CKemia and myalgias to severe myopathies. Clinical presen-
tations often showed a limb-girdle pattern (69/136, 51%),
hence involving proximal muscles more than distal ones. Oc-
ular (58/136, 43%) and bulbar (63/136; 46%) weakness were
also common. Another clinical specificity of ICIs-related
myositis was the frequent involvement of neck and facial
muscles (39/136, 29%) and relatively frequent co-occurrence

of respiratory dysfunction and myocarditis (32/136, 24%).
Associated myositis-specific Abs were found in 38/106 cases
(36%). EMG results were available in 66/136 patients (49%),
reporting a myopathic pattern in 59/66 (89%). Muscle MRI
was performed in 40/136 patients (29%): 34 (85%) demon-
stratedmuscle edema and other abnormalities consistent with a
diagnosis of myositis. Muscle biopsy showed necrotizing and/
or inflammatory changes in the majority of cases (58/62, 94%).
Treatments are summarized in table 1. Most of the patients
(99/136, 73%) showed partial or full improvement. Stabiliza-
tion of symptoms was obtained in 14/136 (10%), whereas 23/
136 (17%) died due to myositis, respiratory failure, or sudden
cardiac arrest. Among survivors, symptoms relapses were
reported in 3 cases (2%), 2 of which during corticosteroids
dose tapering and 1 after ICI rechallenge.

Myasthenic Syndromes (n = 58)
A total of 57 cases of myasthenia gravis (MG) and 1 case of
Lambert-Eaton myasthenic syndrome (LEMS)8 were repor-
ted (total n = 58). Severity was a remarkable characteristic of
ICI-induced MG, as bulbar involvement (43/57, 75%) and
respiratory failure (37/57, 65%) were frequently reported.
Isolated ocular MG was diagnosed in only 11 (11/57, 19%)
patients. Variable degrees of myopathy (29/57, 51%; from
hyperCKemia to necrotizing myopathy) and myocardial
involvement (9/57, 16%; from elevated troponin and pauci-
symptomatic electrocardiographic changes to malignant ar-
rhythmias and sudden death), commonly co-occurred with
MG. Ab testing was performed in 55 patients with MG,

Table 4 Other Neurologic Adverse Events of ICI Involving the Brain and/or the Spinal Cord, Excluding Those Shown in
Table 3

Syndrome Tumor Type of ICI Ab CSF MRI Treatment Outcome Warnings

Other CNS
syndromes
(n = 25/428,
6%)

Melanoma
10 (40%)
NSCLC 5
(20%)
Others 10
(40%)

PD-1/PD-L1 13
(52%)

CTLA-4 8
(32%)

Combinationa

4 (16%)

Positive
0/9 (0%)

↑Protein
11 (44%)
↑Cells 11
(44%)
OCBs 2
(8%)
Normal
4 (16%)
N.a. 8
(32%)

MRI 25/25 (100%):
PRES 5 (20%)
Cerebellitis 3

(12%)
Leptomeningeal

enhancement 3
(12%)

Trigeminal nerve
enhancement 1 (4%)

Posterior
splenium lesion 1
(4%)

CNS vasculitis 1
(4%)

Pseudotumoral
lesion 1 (4%)

CNS granulomas 1
(4%)

Prominent neural
sheath of optic
nerve 1 (4%)

Extraocular
muscle thickening 1
(4%)

Normal 7 (28%)

Steroids 15 (60%)
Steroids + others
(IVIg, PLEX, CP,
infliximab,
rituximab, and
methotrexate) 7
(28%)
None 3 (12%)

Partial or full
improvement
22 (88%)
Stable 3 (12%)

Most frequent
syndromes are
cerebellar ataxia
(6/25, 24%) and
PRES (5/25, 20%)

Abbreviations: Ab = antibody; CP = cyclophosphamide; CTLA-4 = anti–cytotoxic T-lymphocyte antigen-4 monoclonal antibody; ICI = immune checkpoint
inhibitor; IVIg = IV immunoglobulin; N.a. = not available; NSCLC = non–small-cell lung cancer; OCBs = oligoclonal bands; PD-1 = anti–programmed cell death
protein 1 monoclonal antibody; PD-L1 = anti–programmed cell death ligand 1 monoclonal antibody; PLEX = plasma exchange; PRES = posterior reversible
encephalopathy syndrome.
a Combinations: CTLA-4 + PD-1 or CTLA-4 + PD-L1.
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detecting Abs against acetylcholine receptor (AchR) in 32
(32/55, 58%). Abs against muscle-specific kinase (MusK)
were not detected in ICI-induced MG. Of interest, anti-
AchR Abs were found to be positive in 3 neurologic
asymptomatic patients before ICI administration.9-11 Most
patients (40/57, 70%) showed a favorable response to
treatment, and relapses were uncommon (2/57, 4%). Nev-
ertheless, the mortality rate was high in ICI-induced MG
(16/57, 28%), with respiratory failure being the most fre-
quently reported cause of death (9/16, 56%). The patient
with LEMS was positive for Abs against P/Q-type voltage-
gated calcium channel and progressively worsened despite
treatment with corticosteroids.8

GBS and Other Peripheral Neuropathies (n = 94)
The most commonly reported clinical presentations were
acute or subacute demyelinating polyradiculoneuropathy
(n = 31), acute motor or motor-sensory axonal neuropa-
thy (n = 15), and unspecified polyradiculitis/
polyneuropathy (n = 11). Other phenotypes were sensory
neuropathy/neuronopathy (n = 9), chronic inflammatory de-
myelinating polyradiculoneuropathy (CIDP; n = 7),
plexopathy/radiculoplexopathy (n = 4), Miller-Fisher syn-
drome (n = 4), phrenic neuropathy (n = 3), vasculitic neu-
ropathy, small fiber neuropathy, isolated enteric neuropathy,
and neuralgic amyotrophy (n = 2 each), and motor neuropathy
and mononeuritis multiplex (n = 1 each). Some of the acute
polyradiculoneuropathies presented with significant
dysautonomia.12,13 The most common CSF abnormalities

were albuminocytologic dissociation (30/61, 49%) followed by
the increase of both CSF protein and cell count (21/61, 34%).
The median CSF protein in abnormal samples was 125 mg/dL
(range: 52–749 mg/dL), whereas the median cell count was 11
leukocytes/μL (range: 0–130 leukocytes/μL). Hyperintensity
and/or enhancement of involved nerve structures was observed
in 25/58 patients (43%) who underwent MRI. Abs were
detected in 10/42 cases (24%; table 2).

A partial or full recovery was described in the majority of
patients (72/94, 77%); absence of substantial response was
documented in 12 (13%) and death in 10 (11%). The
strongest clinical features predicting mortality were re-
spiratory insufficiency requiring invasive ventilation and in-
testinal pseudo-obstruction due to enteric neuropathy. An
improvement was reported in most of the patients with
Guillain-Barré-like syndrome who received steroids, either
alone or in association with other treatments (59/69, 86%).
Importantly, relapses were observed after successive ICI ad-
ministrations or interruption of neurologic therapy (15/
94, 16%).

Cranial Neuropathies (n = 31)
In publications regarding cranial neuropathies, cranial
nerves involved were, in order of frequency, the facial nerve
(12/31, 39%), either bilaterally (n = 2) or unilaterally (n =
10); optic nerve (7/31, 23%), with bilateral involvement in
5 cases; cochleovestibular nerve (4/31, 13%), always bi-
laterally involved; and trigeminal nerve (2/31, 6%),

Figure 2 Clinically Relevant Differences Between Specific Neurologic Syndromes According to (A) PD-1/PD-L1 Therapy; (B)
CTLA-4 Therapy; (C) Melanoma; and (D) Ab Status

CTLA-4 = cytotoxic T-lymphocyte antigen-4; PD-1 = pro-
grammed cell death protein 1 ; PD-L1 = programmed cell
death ligand 1.
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unilaterally affected in both cases. Atypical presentations
included unilateral oculomotor nerve palsy (n = 1) and mul-
tiple cranial nerve palsy (n = 5). Reports with associated
hypophysitis were found to be common (n = 5). No associated
Abs were found. Approximately half of the patients underwent
lumbar puncture (16/31, 52%), and CSF examination was
abnormal in most of them (11/16, 69%). The median number
of cells in abnormal samples was 22/μL (range: 0–417/μL),
and the median protein content was 88 mg/dL (range: 48–195
mg/dL). Neuroimaging results were available for 25/31 pa-
tients (81%), 15/25 (60%) showing enhancement of the af-
fected cranial nerve(s). Brain MRI in 1 patient showed
concomitant mesial temporal lobes hypersignal on T2-
weighted sequences consistent with limbic encephalitis. Nine
patients had a normal brain MRI. The large majority of the
patients (27/31, 87%) achieved complete recovery or partial
improvement, and the remainders showed no improvement
(4/31, 13%), including 2 patients with optic neuropathy and 2
with cochleovestibular neuropathy. Relapses were reported in 3
cases (10%), in 2 of them following corticosteroid dose
tapering.

Disorders of the Brain and/or Spinal Cord (n
= 109)

Encephalitis (n = 56)
Patients presented with altered mental status (31/56, 55%),
cognitive impairment (29/56, 52%), seizures (16/56, 29%),
psychiatric disturbances (9/56, 16%), or movement disorders
(10/56, 18%). The most commonly described MRI abnor-
mality was the presence of hyperintensity on T2-weighted and
FLAIR imaging involving the mesial temporal lobes either bi-
laterally (13, 24%) or unilaterally (2, 4%). Basal ganglia
hyperintensities were observed in 6 cases (11%), and 5 patients
exhibited cortico-subcortical areas of increased signal (9%). A
concomitant hypophysitis was detected in 1 case. Brain MRI
was not performed in 1 patient. The remaining patients (28;
51%) had an unremarkable brain MRI. CSF analysis demon-
strated inflammatory alterations in 50/54 patients (93%) who
underwent lumbar puncture. Among those with abnormal
CSF, the median cell count was 17 leukocytes/μL (range:
0–136 leukocytes/μL), and the median protein content was 85
mg/dL (range: 33–312 mg/dL). In all reported cases, a neg-
ative workup for infectious diseases raised the suspicion for
n-irAE. An associated Ab was found in almost half of the cases
(n = 27, 48%), with the most commonly reported specificities
beingMa2-Abs (n = 11, 41% of the positive cases), followed by
Hu Abs (n = 5, 18%), and other less commonly described Abs
(n = 11, 41%; table 3). In 2 patients, Ma2-Abs tested positive in
serum samples taken before ICI administration.14,15 Patients
with anti-phosphodiesterase 10A Abs showed prominent hy-
perkinetic movement disorders.16 Regarding the outcome, 12
patients died due to the neurologic syndrome or its compli-
cations (21%). Six patients (11%) showed no improvement of
symptoms. The majority of the cases (38/56; 68%) showed a
partial or complete neurologic improvement, and only 2 pa-
tients (4%) manifested a subsequent relapse.

Meningitis (n = 13)
Clinical presentations included altered mental status in most
cases (11/13, 85%), followed by fever (9/13, 69%), nausea/
vomiting (8/13, 61%), and headache (8/13, 61%). Less
commonly, reports described patients with speech distur-
bances (3/13, 23%), myoclonus, ataxia, or sensory signs (1/
13 each, 8%). No associated Ab was found. CSF examination
showed markedly abnormal results in the majority of the
cases (12/13, 92%), with pleocytosis (median 143 leuko-
cytes/μL, range: 20–705 leukocytes/μL) being the most
frequent alteration (12/13, 92%), followed by increased
protein content (10/13, 77%), with a median of 150 mg/dL
(range: 60–500 mg/dL). Only 1 patient had a normal CSF
study. In all patients, microbiological studies yielded nega-
tive results. Neuroimaging disclosed increased meningeal
enhancement (n = 4, 31%), increased signal on T2 imaging
mainly involving the meninges (n = 2, 15%), or enhance-
ment of nerve roots (n = 1, 8%). Six patients had normal
MRI or showed previously known brain metastases. Neu-
rologic outcome was excellent: 11 (85%) completely re-
covered, and 2 (15%) had partial improvement. One patient
(8%) had a relapse.

CNS Demyelinating Diseases (n = 8)
We identified 8 cases of new-onset CNS demyelinating dis-
eases. The clinical presentation was heterogeneous, with 50%
showingmotor signs; other commonly reportedmanifestations
included visual disturbances, fatigue, and impairment of con-
sciousness or cognition. The clinical course was usually
monophasic, without relapses after ICI discontinuation and
neurologic treatment with steroids alone or in combination
with other therapies (table 3). Only 1 patient (12%) showed a
relapse 2 months after interruption of immunologic treatment.
Brain and spine imaging showed demyelinating lesions in all
patients; a predilection for specific anatomic regions could not
be identified. Two patients presented with a longitudinally
extensive transverse myelitis (LETM); in both, anti–aquaporin
4 (AQP4) Abs were identified, thus fulfilling the criteria for
NMOSD.17,18

No Abs were identified in the remaining cases. An increased
protein content in the CSF was present in all patients who
underwent lumbar puncture (6/6, 100%) with a median of 88
mg/dL (range: 48–381 mg/dL); oligoclonal bands (OCBs)
were present in 3/5 patients (60%). The CSF cell count was
modestly increased in most patients (median: 14 leukocytes/
μL; range: 0–15 leukocytes/μL) and markedly increased in 1
patient with NMOSD (1,195 leukocytes/μL).17 Partial or full
recovery was observed in 6/8 (75%).

Myelitis (n = 7)
We identified 7 cases of myelitis. All patients presented motor
and sensory symptoms; most of them (6/7, 86%) also pre-
sented urinary and/or bowel disturbances. Myelitis was as-
sociated in 1 patient with posterior reversible encephalopathy
syndrome (PRES) and hypopituitarism.19 Spine MRI typi-
cally showed hyperintense lesions on T2-weighted imaging, in
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2 cases with features of LETM.20,21 CSF analysis always
showed inflammatory signs, with increased cell count being as
common as hyperproteinorrachia (71%). The median cell
count was 24 leukocytes/μL (range: 3–103 leukocytes/μL),
and the median CSF protein was 80 mg/dL (range: 50–310
mg/dL). Mirror-pattern OCBs were present in 2 cases. AQP4
antibodies and anti–myelin oligodendrocyte glycoprotein
(MOG) were tested in 6 and 4 patients, respectively, with
negative results in all of them. Immunohistochemistry was
positive in 1 patient with a pattern described as comparable to
aquaporin 4, although both anti-AQP4 and anti-MOG anti-
bodies were negative.20 A partial or substantial improvement
was observed in most cases (5/7, 71%). One patient, who did
not respond to IV corticosteroids, plasma exchange, and cy-
clophosphamide, showed a substantial improvement after the
administration of infliximab. A relapse was observed in 2/7
patients (29%).

Other Syndromes of the CNS (n = 25)
Several CNS syndromes were reported after ICIs treatment
(table 4). PRES was described in 5 patients22-26; one of them
also presented co-occurrent progressive encephalomyelitis with
rigidity and myoclonus without any identified Ab.26 The only
CSF reported showed no abnormalities. Outcome was favor-
able in 4/5 patients with PRES, and no relapses were described.
Cerebellar syndrome was also reported in 6 patients.27-32

Cerebellar edema, hyperintensity lesions, and even contrast
enhancement on MRI were reported in 3 patients29,30,32; the
remaining 3 patients showed no radiologic abnormality.27,28,31

All CSF analyzed (5/5) were abnormal (median cell count 31
leukocytes/μL [range: 10–166 leukocytes/μL] and median
protein content 75 mg/dL [range: 54–160 mg/dL]). Search
for Abs against onconeural and cell surface antigens was per-
formed in 4 patients, all with negative results.28-31 All but 1
patient with cerebellar syndrome partially or completely re-
covered, and none had relapses.27-32 Other neurologic syn-
dromes reported after ICIs administration were
neurosarcoidosis (n = 2),33,34 CNS vasculitis (n = 2),35,36

opsoclonus myoclonus,37 leptomeningitis with cranial nerves
involvement,38 steroid responsive encephalopathy associated
with autoimmune thyroiditis,39 mild encephalitis with re-
versible splenial lesion,40 neuro-Sjögren syndrome,41 non-
defined CNS granulomatosis,42 Tolosa-Hunt syndrome,42

orbital inflammatory syndrome,43 bilateral internuclear oph-
thalmoplegia,27 and akathisia.44

Clinically Relevant Associations
Ab positivity was not equally distributed among the dif-
ferent syndromes (p < 0.001). A post hoc test (data avail-
able from Dryad, supplementary table 1, doi.org/10.5061/
dryad.d2547d81s) revealed that myasthenic syndromes
were significantly more Ab positive (33/56, 59%; p <
0.001) compared with the whole sample (Ab positivity
in 38%).

Similarly, ICI treatments (i.e., PD-1/PD-L1, CTLA-4, or
both) differed according to clinical syndromes (p < 0.001). A

post hoc analysis (data available from Dryad, supplementary
table 2, doi.org/10.5061/dryad.d2547d81s) showed that
anti–PD-1/PD-L1 ICIs were significantly more frequent in
myasthenic syndromes (50/58, 86%, compared with 66% in
the whole sample; p = 0.005) and less common in meningitis
(2/13, 15%, compared with 66% in the whole sample; p <
0.001) and cranial neuropathies (13/31, 42%, compared with
66% in the whole sample; p = 0.005). On the other hand,
anti–CTLA-4 ICIs were significantly more frequent in men-
ingitis (8/13, 62%, compared with 15% in the whole sample; p
< 0.001) and less common in encephalitis (2/56, 4%, com-
pared with 15% in the whole sample; p = 0.009) and myositis
(12/136, 9%, compared with 15% in the whole sample; p =
0.01). Exposure to both anti-PD-1/PD-L1 and anti-CTLA-4
ICI was more frequently reported in patients with cranial
neuropathies (12/31, 39%, compared with 19% in the whole
sample; p = 0.005).

Again, the Fisher exact test showed that outcome was not
independent from clinical syndromes (p = 0.005). A post hoc
analysis (data available from Dryad, supplementary table 3,
doi.org/10.5061/dryad.d2547d81s) did not reveal single
significant differences after applying Benjamini-Hochberg
correction for multiple comparisons; we only observed a
nonsignificant more frequent poor outcome in studies re-
garding myasthenic syndromes (16/58, 28%, compared with
14% in the whole sample; p = 0.004 vs a corrected threshold of
0.00185).

Finally, tumor types were highly heterogeneous, but the
vast majority of patients treated with ICIs had melanoma,
non–small-cell lung cancer (NSCLC), or urinary cancer.
Therefore, we decided to include the remaining tumor
types in a comprehensive “other” category. Again, tumor
type and clinical syndrome were not independently dis-
tributed (p < 0.001). A post hoc analysis (data available
from Dryad, supplementary table 4, doi.org/10.5061/
dryad.d2547d81s) showed that melanoma was more fre-
quently found in patients with peripheral neuropathies
(64/94, 68%, compared with 54% in the whole sample; p =
0.003) and less common in those with encephalitis (19/56,
34%, compared with 54% in the whole sample; p = 0.001).
Moreover, in tumors other than melanoma, NSCLSC, and
urinary cancer, encephalitis (16/56, 29%, compared with
15% in the whole sample; p = 0.003) and other CNS syn-
dromes (10/25, 40%, compared with 15% in the whole
sample; p = 0.001) were found to be more common. A
summary of all clinically relevant differences is reported in
figure 2.

Discussion
In this systematic review of the literature, we described the
clinical spectrum, oncologic characteristics, treatment, and
outcome of neurologic toxicities of ICIs. Moreover, we found
clinically relevant differences in type of ICI, associated cancer,
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Ab status, and outcome according to the neurologic pheno-
types, thus providing interesting insights into the pathogen-
esis of these disorders.

Overall, we observed that reports of neuromuscular compli-
cations were 3 times more frequent than reports of CNS
disorders (75% vs 25%) and that the 3 most frequently de-
scribed phenotypes were (1) myositis (accounting for 32% of
the total cases), (2) GBS and peripheral neuropathies (22%),
and (3) myasthenic syndromes (14%).

Myositis and myasthenic syndromes shared some clinical and
oncologic features, behaving as a spectrum rather than 2
distinct diseases, thus confirming previous hypothesis that
these disorders differ from their idiopathic counterparts.6 In
particular, myositis often showed a limb-girdle phenotype and
manifested common oculobulbar muscles involvement. Sim-
ilarly, myasthenic syndromes had frequent bulbar in-
volvement and variable degrees of myopathy (51% of cases)
and myocardial involvement (16%). The Ab positivity rate
was high among myositis patients (36%) and very high in
patients with myasthenic syndromes (59%, none with anti-
MUSK Abs), which was the group with significantly higher
positive Ab testing overall. Intriguingly, 3 patients with ICI-
related MG demonstrated positive AChR Abs in samples
taken before ICI initiation and retrospectively analyzed, sug-
gesting that ICI can unleash a previously existing neuromus-
cular junction autoimmunity.9-11 Among the cases with fatal
outcome, the cause of death was similar in the 2 groups, with
respiratory failure and myocarditis as the most frequently
reported causes. In particular, MG showed the highest mor-
tality rate (28%) and a strong trend toward a poorer outcome,
in line with a previous observation obtained by the World
Health Organization Pharmacovigilance Database, where a
hyperacute onset was also highlighted.45 Of interest, we found
that anti–PD-1/PD-L1 treatments were significantly more
frequent in myasthenic syndromes and less common in pa-
tients developing other n-irAEs (meningitis and cranial
neuropathies).

ICI-related peripheral nerve involvement showed a remark-
able phenotypical heterogeneity, ranging from diffuse and
acute involvement as in the Guillain-Barré-like syndrome,
which was the commonest presentation, to patchy or even
single-nerve distribution, including selective involvement of
small fibers or enteric plexus. Response to treatment was
usually satisfactory. It is noteworthy that even Guillain-
Barré–like forms can respond very well to high-dose corti-
costeroids, unlike the classical GBS. ICI withdrawal was
typically necessary due to the predisposition to relapses, an-
other distinguishing feature from classical GBS. Moreover, a
maintenance immunosuppressive treatment was required in
some patients. On an oncologic standpoint, we found that
melanoma was significantly more frequent in GBS and other
neuropathies and significantly less common in encephalitis,
confirming the results of previous studies,45 and also our own
experience.46

The facial (VII) nerve was frequently affected in cranial
neuropathies, accounting alone for 39% of the cases. Other
involved nerves were optic (II), trigeminal (V), vestibuloco-
chlear (VIII), and oculomotor (III). Bilateral deficits were
frequent, as was the gadolinium enhancement of affected
nerves.47,48 Response to steroids was satisfying, although a
minority of patients experienced persisting deficits. Of in-
terest, exposure to both anti–PD-1/PD-L1 and anti-CTLA4
ICI was significantly more frequent in patients that developed
cranial neuropathies.48

Among CNS complications, encephalitis was by far the most
frequent phenotype (13%). Classic presentations included
altered mental status, subacute cognitive decline, and seizures.
In general, positivity for paraneoplastic or autoimmune en-
cephalitis Abs was relatively high,46,49 occurring in approxi-
mately half of the cases, with a predominance of anti-Ma2 and
anti-Hu Abs, with features consistent with their typical clinical
presentation.15,50,51 Therefore, it is important to consider
neural Ab testing in a patient presenting with encephalitis
during ICI treatment,52 because this permits to identify those
cases that more closely resemble classical paraneoplastic
neurologic syndromes, which probably carry a worst prog-
nosis and require a more aggressive treatment. Despite the
severity of the neurologic involvement, these patients often
achieved a sustained oncologic response after ICIs.15,46 Even
more interestingly, in 2 patients with anti–Ma2-associated
encephalitis, the retrospective analysis of Abs in samples taken
before ICI introduction showed the presence of the Abs,14,15

similarly to MG patients, suggesting that prospective studies
assessing onconeural Abs at baseline in all patients un-
dergoing ICI treatment may identify those at a higher risk of
n-irAEs.15 In addition, we observed that anti–CTLA-4 ICIs
were significantly less common in encephalitis and myositis
and more frequent in meningitis, suggesting again 2 different
pathogenic mechanisms.

Other relevant CNS phenotypes identified were cerebellitis
and myelitis. It is important to notice that these complications
can develop in patients with known brain metastases, thus
making the diagnosis of n-ir-AE particularly challenging.46

Patients with myelitis may show longitudinally extensive le-
sions, at times confined to specific spinal cord tracts (as in
anti-CRMP5 paraneoplastic myelitis).53

There are several limitations to the present study intrinsic to its
design. First, we were not able to make an estimation on the
prevalence nor the incidence of these syndromes. Previous
retrospective studies showed that the frequency of severe
n-irAEs ranges from 0.9 to 1.5%,6,54 but prospective studies will
be required to exactly define the epidemiologic features of n-ir-
AEs. Second, it is possible that a publication bias has influenced
the severity and the mortality rate of neurologic complications,
with self-resolving toxicities less likely to be reported. Third, as
not all pathogenic auto-Abs have been identified to date, the
comparison based on Ab status may be biased. Finally, our
review is based on retrospective collection of published papers;
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thus, data about patients could be missing or incomplete, and
we could not verify information and diagnosis given by the
authors. Nevertheless, this is a systematic evaluation of all
previously published cases, providing a large cohort otherwise
difficult to collect given the rarity of these diseases. Therefore,
this work complements well with pharmacovigilance studies,
which have different strengths and limitations, but still shared
some of our results.

We provide herein a systematic review of neurologic
complications of ICI therapy, describing in detail the
clinical presentation, paraclinical studies, treatment, and
outcome of these emerging immune-related toxicities.
Moreover, we detected clinically relevant associations be-
tween the type of ICI, the oncologic characteristics, and the
neurologic phenotypes. Considering the increasing num-
ber of patients that will be exposed to ICI therapy in the
forthcoming future, this information can be valuable in
assisting neurologists in making early diagnosis and cor-
rectly manage these disorders.
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39. Carl D, Grüllich C, Hering S, Schabet M. Steroid responsive encephalopathy asso-
ciated with autoimmune thyroiditis following ipilimumab therapy: a case report. BMC
Res Notes. 2015;8:316.

40. Conry RM, Sullivan JC, Nabors LB. Ipilimumab-induced encephalopathy with a
reversible splenial lesion. Cancer Immunol Res. 2015;3:598–601.

41. Ghosn J, Vicino A, MichielinO, Coukos G, Kuntzer T, ObeidM. A severe case of neuro-
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Abstract
Objective
To report the induction of anti–Ma2 antibody–associated paraneoplastic neurologic syndrome
(Ma2-PNS) in 6 patients after treatment with immune checkpoint inhibitors (ICIs). We also
analyzed (1) patient clinical features compared with a cohort of 44 patients who developed
Ma2-PNS without receiving ICI treatment and (2) the frequency of neuronal antibody de-
tection before and after ICI implementation.

Methods
Retrospective nationwide study of all patients with Ma2-PNS developed during ICI treatment
between 2017 and 2018.

Results
Our series of patients included 5 men and 1 woman (median age, 63 years). The patients were
receiving nivolumab (n = 3), pembrolizumab (n = 2), or a combination of nivolumab and
ipilimumab (n = 1) for treatment of neoplasms that included lung (n = 4) and kidney (n = 1)
cancers and pleural mesothelioma (n = 1). Clinical syndromes comprised a combination of
limbic encephalitis and diencephalitis (n = 3), isolated limbic encephalitis (n = 2), and a syn-
drome characterized by ophthalmoplegia and head drop (n = 1). No significant clinical dif-
ference was observed between our 6 patients and the overall cohort of Ma2-PNS cases. Post-ICI
Ma2-PNS accounted for 35% of the total 17 Ma2-PNS diagnosed in our center over the
2017–2018 biennium. Eight cases had been detected in the preceding biennium 2015–2016,
corresponding to a 112% increase of Ma2-PNS frequency since the implementation of ICIs in
France. Despite ICI withdrawal and immunotherapy, 4/6 patients died, and the remaining 2
showed a moderate to severe disability.

Conclusions
We show a clear association between ICI use and increased diagnosis of Ma2-PNS. Physicians
need to be aware that ICIs can trigger Ma2-PNS because clinical presentation can be
challenging.

*These authors contributed equally to the manuscript.
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Therapy with monoclonal antibodies (Abs) targeting im-
mune checkpoints, including cytotoxic T lymphocyte–
associated antigen 4 (CTLA-4), the programmed death-1
receptor (PD-1), and its ligand PD-L1, has led to a paradigm
shift in the treatment of numerous types of cancer.1 Their
unprecedented results in controlling tumors at a metastatic
stage have come at the expense of an increased risk of de-
veloping immune-related adverse events (irAEs), including
severe neurologic complications.2–6 Given their mechanism
of action, a possible association with the development of
paraneoplastic neurologic syndromes (PNSs) has been
predicted.3,7 Recently, the emergence of individual cases and
small series of patients developing encephalitis and other neu-
rologic manifestations has caused growing concern.4,5,8 Because
an increasing number of patients will be exposed to immune
checkpoint inhibitors (ICIs) in the forthcoming future, it is
crucial to identify the main features of neurologic irAEs.

PNS with Abs targeting the intracellular Ma2 antigen charac-
terizes a peculiar form of encephalitis with prominent in-
volvement of limbic, brainstem, and diencephalic structures,
usually in association with testicular or lung cancer.9,10 Atypical
manifestations including narcolepsy-cataplexy, weight gain,
sexual dysfunction, and motor neuron syndrome were de-
scribed and account for the difficulty in diagnosing anti–Ma2
antibody–associated PNS (Ma2-PNS).9–12

We herein report 6 patients who developed autoimmune
encephalitis with anti-Ma2 Abs during treatment with ICIs.
To assess the relevance of our findings, we analyzed (1) their
clinical features compared with a cohort of 44 patients who
had developed Ma2-PNS without receiving any ICI and (2)
the impact of ICI use on the frequency of Ma2 detection in
a national reference center.

Methods
Patient selection
This is a retrospective study of all patients with anti-Ma2-PNS
observed after treatment with ICIs and diagnosed at the
French National Reference Center for Paraneoplastic Neu-
rological Syndromes in Lyon, France, between January 1,
2017, and December 31, 2018. All patients underwent
a comprehensive laboratory examination for suspected PNS
as recommended,13 including an initial assessment with im-
munohistochemistry on rat brain sections, followed by a sec-
ond confirmatory test represented by dot blot analysis on
recombinant proteins (Euroimmun, Lübeck, Germany, and/
or RAVODiagnostika, Freiburg, Germany) and/or cell-based

assays (CBAs) (in-house techniques) for the presence of
onconeuronal Abs. We systematically tested: anti-Hu, Yo,
CV2/CRMP5, Ri, Ma2, amphiphysin, GAD65, AK5, NMDA
receptor (NMDAR), AMPAR, GABAAR, GABABR, IgLON5,
CASPR2, LGI1, and DPPX. Anti-Ma2 specificities14 were
confirmed using in-house CBA and commercial dot blots
(Euroimmun, Lubeck, Germany). Clinical and ancillary data
were obtained by telephone or email at the time of diagnosis,
based on the biological sample, and at least twice a year to
assess clinical evolution. Immunotherapy treatment modali-
ties and oncologic therapy were recorded. Outcomes were
assessed using the modified Ranking Scale (mRS). The scale
ranges from 0 (no symptoms) to 6 (death).

Clinical comparison between ICI-induced Ma2-
PNS vs classic Ma2-PNS
Demographic and clinical features of patients with Ma2-PNS
triggered by ICIs were compared with those of the overall
cohort of patients with Ma2-PNS unrelated to ICI treatment
diagnosed in our center between 2002 and 2018 (n = 44).

Frequency of ICI-related PNS
To assess the impact of ICI use on the development of PNS at
a national level, we compared the frequency of the different
Ab detections in our Reference Center in the biennium
2017–2018 to the biennium 2015–2016 when the use of ICIs
in France was at its starting point. The proportion of Ab-
positive cases that developed after ICI use was calculated for
each Ab specificity.

Statistical analysis
Descriptive analysis is presented as frequencies and percen-
tages for categorical variables and as the median and range for
continuous variables. Categorical data were analyzed with the
Fisher exact test (2 tailed) and numerical data with the Mann-
Whitney U test. Statistical analyses were performed using
IBM SPSS Statistics Software (Version 25.0; IBM Corp,
Armonk, NY). p Values <0.05 were considered significant.

Standard protocol approvals, registrations,
and patient consents
Written consent was obtained from all patients, and the study
was approved by the Institutional Review Board of the Uni-
versity Claude Bernard Lyon 1 and Hospices Civils de Lyon.

Data availability
Data reported in this manuscript are available within the ar-
ticle or its supplementary materials. More information re-
garding the data is available from the corresponding author on
reasonable request.

Glossary
CBA = cell-based assay; CTLA-4 = cytotoxic T lymphocyte–associated antigen 4; ICI = immune checkpoint inhibitor; irAE =
immune-related adverse event; Ma2-PNS = Ma2 antibody–associated paraneoplastic neurologic syndrome; mRS = modified
Ranking Scale; NMDAR = NMDA receptor; PD-1 = programmed death-1 receptor.
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Results
Patients with ICI-associated anti-Ma2
syndromes
Between 2002 and 2018, we identified 50 patients with Ma2-
PNS in our center, 6 of which developed the syndrome after ICI
treatment in the biennium 2017–2018. All the information on
clinical and paraclinical results, together with associated treat-
ments and outcomes of these 6 patients, is summarized in the
table. Most of the patients were male (83%), with a median age
of 63 years (range: 47–79 years). All were Caucasians. Four of
them had an associated non–small-cell lung cancer, 1 a pleural
mesothelioma, and the last one a renal clear cell carcinoma. At
the time of ICI introduction—a median of 6.5 months (range:
0.5–25) after cancer diagnosis—all the patients except 1 (pa-
tient 2) had a metastatic disease, which included brain in-
volvement in 2 cases (patients 1 and 3). ICIs used comprised
nivolumab (3 cases), pembrolizumab (2 cases), and a combi-
nation of nivolumab and ipilimumab in 1 case. Median delay
between ICI introduction and onset of the neurologic syndrome
was 4 months (range: 2–8). When the neurologic syndrome
ensued, the 2 patients with cerebral metastasis had stable or
improved lesions on brain MRI, whereas the others showed no
evidence of cancer dissemination in the CNS. Clinical syn-
dromes included a combination of limbic encephalitis and
diencephalitis (patients 1, 2, and 5), isolated limbic encephalitis
(patients 3 and 6), and a syndrome characterized by oph-
thalmoplegia and motor neuron involvement (head drop) in
patient 4. Onset of the neurologic symptoms was usually sub-
acute (3 patients), whereas patient 5 had an acute onset and
patient 1 a chronic/progressive course. All patients fulfilled the
criteria for definite PNS.15 No statistically significant clin-
icodemographic differences (including sex, age at onset, cancer
type, and main neurologic syndrome) were observed between
our 6 patients and the overall cohort of 44 patients with anti-
Ma2-PNS diagnosed in our center. Testicular cancer was
present in 11/44 (25%) of the patients with “classic” anti-Ma2-
PNS and in none of the post-ICI cases. It is noteworthy that
patients with Ma2-PNS associated with testicular cancer (n =
11) were significantly younger than patients with ICI-induced
Ma2 Ab syndrome (p = 0.003). Importantly, the timing of onset
of the neurologic syndrome in relation to the discovery of
cancer was clearly different in the cases triggered by ICIs (p =
0.004). Indeed, 77% of the patients in the overall Ma2 cohort
manifested their neurologic syndrome before the oncologic
diagnosis. On the contrary, all patients in the ICI group have, by
definition, a cancer at the time of PNS onset. It is, however,
interesting to note that the symptoms appear long after cancer
diagnosis, a median of 10 months later (range: 5.5–28months).

All the patients in the present study were investigated using
brain MRI, which showed bilateral fluid-attenuated inversion
recovery hyperintensity involving the mesial temporal lobes in
4 cases, including 1 with coexisting hyperintensity of the peri-
ventricular regions of the third ventricle and hypothalamus
(figure 1). Contrast enhancement was not detected in any
patient at the level of inflammatory lesions on T1-weighted

sequences. CSF analysis revealed inflammatory alterations in all
cases, with the most common abnormality being an increased
protein content (5 cases), followed by pleocytosis (2 cases) and
presence of CSF-exclusive oligoclonal bands in 1 patient. Pa-
tient 5 showed additional anti-Ma1 positivity; no other onco-
neural Abs were detected in the remainder of the patients. The
neurologic syndrome was moderately severe with a median
pretreatment mRS score of 4 (range: 0–6), characteristic of
a patient unable to walk unassisted and to attend to own bodily
needs. Treatment included ICI withdrawal and corticosteroids
in all patients. Additional treatment was adopted in 4 patients: 2
received IV immunoglobulin, 1 was treated with plasmaphe-
resis, and 1 with rituximab. Median follow-up was 4 months
(range: 1–6 months). Despite all these measures, 4/6 patients
died, and the remaining 2 showed a moderate to severe dis-
ability (mRS score: 3 and 4, respectively). The cause of death
was directly related to the neurologic involvement or its asso-
ciated complications in 3 patients, whereas in 1 case, it was
attributed to the tumor progression. Of note, before ICI
withdrawal, all patients except 1 (patient 4) showed a good
response of cancer to immunotherapy, with stabilization or
reduction of the neoplastic lesions. Intriguingly, for 1 case
(patient 2), a serum sample was taken before ICI initiation and
then stored in a biobank. The retrospective analysis of this
sample revealed the presence of Ma2 Abs even before cancer
immunotherapy onset. No antecedent serum sample was
available for the other patients.

Impact of ICI use on the frequency of Ma2-PNS
We questioned whether ICI use had an impact on the fre-
quency of Ma2-PNS in our center. During the study period
2017–2018, a total of 17 patients withMa2 Abswere diagnosed
in our reference center. The 6 Ma2-PNS described herein
representing 35% of all the cases. During the biennium
2015–2016, when the use of ICIs in France was at its starting
point, we observed only 8 Ma2-PNS cases, meaning that
a 112.5% increase was observed since ICI implementation in
France. As a matter of fact, the annual number of anti-Ma2
positivities diagnosed in our national reference center was
relatively stable over the last decade, with a median of 4 cases
per year (range: 1–6 cases), and this observation is therefore
unprecedented. No other onconeural Ab targeting intracellular
antigens demonstrated a similar increment (figure 2). A lower
increment was demonstrated for the recently implemented
neural surface Abs (such as NMDAR, Lgi1, CASPR2,
GABABR, and AMPAR), ranging from 30 to 50%, probably
reflecting their relatively novel adoption in clinical practice if
compared with the former group. Remarkably, only 1 case
associated with neural surface antibody (CASPR2 positivity)
developed after ICI initiation, accounting for 3% of all CASPR2
patients diagnosed in our center in the same period.

Discussion
We describe here 6 patients who developed anti-Ma2-PNS
after receiving ICI treatment. Their demographic, clinical, and
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paraclinical features were remarkably uniform. Most of
them were male, middle-age/elderly adults who developed
a neurologic syndrome characterized by prominent limbic
and diencephalic involvement, mainly associated with lung
cancer. This clinical presentation is in line with both the
original descriptions of the Ma2 syndrome9,10,16,17 and the
clinical features from the 44 remaining patients of our
overall cohort. We, however, note 3 notable differences:
(1) in the classic, paraneoplastic form, the neurologic
syndrome is known to precede cancer diagnosis by several
weeks to months. When the tumor is eventually found, it is
usually detected at a limited disease stage. On the contrary,
when the disease appeared as a complication of ICIs,
patients already presented with metastasis and the neuro-
logic syndrome manifested several months after cancer

discovery. (2) Testicular cancer is a frequently associated
neoplasia in Ma2-PNS, and patients with Ma2 autoimmu-
nity in the context of testicular tumors tend to be younger.
Because the current treatment of testicular cancer does not
include ICIs, this could explain the older age at onset and
higher percentage of lung cancer association observed
herein. (3) Contrast enhancement of inflammatory brain
alterations is usually detected in up to one-third of Ma2-
PNS cases. However, this pattern was not observed in the
cases elicited by ICI treatment.6

Despite these differences, the inflammatory alterations
detected by CSF analysis, the presence of well-characterized
Abs, and the selective brain MRI involvement of the mesial
temporal lobe and diencephalon structures strongly suggest

Figure 1 Results of paraclinical studies in patients with anti-Ma2 encephalitis triggered by immune checkpoint
inhibitors [ICIs]

Brain MRI (fluid-attenuated inversion recovery sequences)
in 2 patients with anti-Ma2 encephalitis triggered by ICIs.
Note the prominent limbic (A, axial view) and diencephalic
(B, sagittal view) involvement (arrowheads).

Figure 2 Proportion of variation in antibody detection between 2017 and 2018 vs 2015 and 2016 at the French Reference
Center for Paraneoplastic Neurological Syndromes

Note the 112% increase in Ma2-associated para-
neoplastic neurologic syndrome detection ob-
served after immune checkpoint inhibitor
introduction. No other onconeural antibody (Ab)
targeting intracellular antigens demonstrated
a similar increment. A lower increment is observed
for the recently implemented neural surface Abs,
ranging from 30% to 50%, probably reflecting their
relatively novel adoption in clinical practice if
compared with the former group.
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an immune-mediated pathogenesis.18 We therefore consider
that the ICI treatment elicited the autoimmune encephalitis in
our patients.

Because the anti–Ma2-associated syndrome is characterized
by atypical manifestations such as increased daytime
sleepiness, hyperphagia, and weight gain,10–12 it is impor-
tant for the clinician to recognize the prominent features of
this disease to avoid diagnostic pitfalls. These symptoms are
related to the diencephalic involvement and need to be
promptly differentiated from the clinical correlate of pri-
mary hypothyroidism, which is a much more common irAE
that shares a similar presentation.19–21 The latter mis-
diagnosis occurred in 1 patient that we present (patient 2).
Clinical worsening despite thyroid hormone therapy
prompted further investigations until a final diagnosis of
polysomnography-proven narcolepsy-cataplexy was finally
made, together with the discovery of low hypocretin levels
in the CSF. Patients treated with cancer immunotherapy are
also at an increased risk of developing hypophysitis, which is
less frequent than primary hypothyroidism and more diffi-
cult to diagnose, presenting mainly with fatigue, hormonal
disturbances, and headache.20

Diagnostic delay could result in inappropriate continuation
of ICI therapy and late introduction of immunosup-
pressants, with obvious repercussions on patients’ status.
Indeed, the clinical outcome of patients with Ma2 Ab was
poor, with most of the patients dying due to the neurologic
involvement, and the remainder being left severely disabled.
To this matter, we would like to underline that (1) contrary
to previous reports,2,8 we demonstrate that ICI-related en-
cephalitis can develop beyond the first 4–8 weeks of treat-
ment and (2) ICI withdrawal and administration of
corticosteroids, which is the recommended course of treat-
ment in this situation,19 is not sufficient for all patients; (3)
the adoption of second-line immunosuppressants is proba-
bly warranted for refractory cases.22 As such, the use of
drugs—such as natalizumab—that can act on brain in-
flammatory processes without hampering the immune re-
action against systemic localizations of cancer, was recently
suggested.23

The pathogenesis of neurologic irAEs due to ICI use
remains to be elucidated, although several lines of evidence
suggest that (1) ICIs act by blocking the signaling from
certain molecules—CTLA-4, PD-1, and its ligands—that
exert inhibitory regulatory effects on T-cell activation, thus
promoting antitumor immunity1,3; (2) the antitumor im-
mune response might in turn cross-react with CNS auto-
antigens leading to a PNS, as demonstrated in a preclinical
model using CTLA-4 blockade24; and (3) CD8+ T cells,
activated by ICIs, were found to play a major effector role in
neuronal death in PNS.24 In agreement with this model, it
has been previously shown that the pathologic substrate of
post-ICI encephalitis is characterized by prominent CD8+

lymphocytic perivascular infiltration.25

Two previous cases of ICI-induced anti-Ma2 encephalitis
have been described. One concerned a patient with pleural
mesothelioma treated with the anti-CTLA-4 Ab trem-
elimumab,26 and the second was in a patient with kidney
cancer treated with nivolumab.25 Including the present se-
ries, this brings the total of cases reported in the literature up
to 8. The reason for the increase in susceptibility to anti-Ma2
autoimmune response among all other Ab-associated PNS
remains unclear. We propose that it reflects the fact that
non–small-cell lung cancer is one of the cancers in which
ICIs are most extensively used,1 and this tumor is known to
associate with Ma2-PNS.9,10,17 We therefore hypothesize
that an analogous increment of anti-Yo and anti-Ri syn-
drome will be seen after the adoption of ICIs in breast
cancer.24,27 The same will probably occur for anti-Hu or anti-
CV2/CRMP5 PNS if their use is extended to small-cell lung
cancer.28,29

The retrospective detection of Ma2 Ab in the serum of one of
our patients taken before ICI administration is an intriguing
finding that deserves further discussion. First, it should be
considered that at the time, the sample was taken and stored
in a biobank, and the patient was asymptomatic. Neurologic
symptoms appeared only 5 months later, following treatment
with the combination of ipilimumab-nivolumab. Second, the
finding of a confirmed Ma2 positivity in a patient without
neurologic syndrome is exceedingly rare,15 whereas other
onconeural Abs, such as anti-Hu and anti-CV2/CRMP5, are
detected in 16% and 9% of neurologically asymptomatic
patients with SCLC, respectively.15 These Abs are known to
be reliable biomarkers of an underlying cancer but are not
pathogenic because a T cell–mediated response is advocated
as the cause of the neurologic syndrome.15,30 We therefore
hypothesize, similarly to what we have observed in patients
with ovary cancer with Yo-Abs and paraneoplastic cerebellar
ataxia,31 that the tumor (a pleural mesothelioma in this case)
expressed aberrantly the Ma2 antigens and triggered the
systemic Ab production. This event per se was not sufficient
to elicit a PNS, but required a loss of self-tolerance as per-
mitted by the use of ICIs. This hypothesis needs to be verified
in prospective studies assessing the presence and titer of
onconeural Abs over time, their relation to immunotherapy,
and the development of an overt neurologic syndrome. Our
practical recommendation is to test patients undergoing ICI
treatment for onconeural Abs before initiation of immuno-
therapy, and to closely follow those with an Ab positivity, with
special caution for Ma2-positive cases. Patients with preex-
isting Abs are probably at an increased risk of developing
irAEs, as demonstrated for anti-acetylcholine receptor auto-
antibodies and subsequent myositis in patients treated with
avelumab.32

The present study is limited by its retrospective nature, small
sample size, and, possibly, referral bias toward more complex
and/or treatment-refractory cases. Nevertheless, it represents
the 2-year experience of a national reference center focused
on the diagnosis and treatment of PNS.
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Discussion
We showed a clear association between ICI use in France
and an increased frequency of anti-Ma2-PNS. Although final
arguments proving a causal relationship between ICI and
PNS development are lacking, there are several findings
suggesting that this syndrome is related to ICI. Middle-
aged/elderly men with lung cancer appeared to be at par-
ticular risk of developing post-ICI anti-Ma2-PNS. Given the
anticipated rise in the use of immunotherapy for oncologic
practices, we highlight the importance of early detection of
these immune-mediated neurotoxic effects, which can be
severe or even fatal.
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Véronique
Rogemond,
PhD

Hospices Civils de
Lyon, Lyon, France

Author Acquisition of data
and revised the
manuscript for
intellectual content

Anne-
Laurie
Pinto, MSc

Hospices Civils de
Lyon, Lyon, France

Author Interpreted the data
and revised the
manuscript for
intellectual content

Sergio
Muñiz‐
Castrillo,
MD

Hospices Civils de
Lyon, Lyon, France

Author Interpreted the data
and revised the
manuscript for
intellectual content

Maxime
Roger, MD

Centre Hospitalier
Universitaire de
Rouen, Rouen, France

Author Acquisition of data
and revised the
manuscript for
intellectual content

Judith
Raimbourg,
MD, PhD

Institut de
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Pitié-Salpêtrière,
Paris, France

Author Acquisition of data
and revised the
manuscript for
intellectual
content

Jérôme
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ABSTRACT
Objective To describe the spectrum and outcome of 
central nervous system complications associated with 
immune checkpoint inhibitors (CNS- ICI).
Methods Patients with CNS- ICI were identified and 
their characteristics compared with ICI- related peripheral 
neuropathy (PN- ICI).
Results We identified 19 patients with CNS- ICI. The 
patients were receiving nivolumab (n=8), pembrolizumab 
(n=6), a combination of ipilimumab- nivolumab (n=3), 
ipilimumab- durvalumab (n=1), or atezolizumab (n=1). 
Underlying malignancies included non- small- cell 
lung cancer (n=8), melanoma (n=3), and other less 
common tumours (n=8). Neurological phenotypes 
were limbic encephalitis (n=8), meningoencephalitis 
(n=4) and cerebellitis (n=4). Two patients developed 
isolated confusion and one parkinsonism. Associated 
autoantibodies included onconeural (Ma2, n=7; Hu, 
n=1), astrocytic (glial fibrillar acidic protein, n=2) and 
neuronal surface (contactin- associated protein- like 2, 
n=1) specificities. ICIs were withheld and corticosteroid 
treatment was given in all cases. Five patients received 
intravenous immunoglobulin, two rituximab, one 
plasmapheresis and one infliximab. Overall, six patients 
died. Readministration of ICI was attempted in three 
patients, without further relapses. Non- small- cell lung 
cancer was significantly more frequent in patients with 
CNS- ICI (p<0.01), while melanoma and ipilimumab 
treatment were more common in PN- ICI (p<0.01 and 
p=0.01). Conversely, CNS- ICI cases were more frequently 
antibody- positive than PN- ICI (p<0.01) and showed a 
strong trend towards poorer outcome (p=0.053).
Conclusion Three main clinical phenotypes 
characterise CNS complications of ICIs, each with distinct 
immunological background, disease course and response 
to treatment. Other clinical manifestations (including 
parkinsonism and steroid- responsive confusion) are also 
possible. Underlying cancers, antibody prevalence and 
outcome appear different from those of patients with 
PN- ICI.

INTRODUCTION

MATERIALS AND METHODS

Patient selection
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Comparison between CNS-ICI and PN-ICI

Statistical analysis

RESULTS

CNS complication phenotypes

Limbic encephalitis (n=8)

→

→

Meningoencephalitis (n=4)

→ →
→
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Table 1 Characteristics of patients with CNS- ICI

Variable

All patients

(N=19)

Main clinical syndrome

Limbic encephalitis

(n=8)

Meningoencephalitis

(n=4)

Cerebellar syndrome

(n=4)

Atypical syndrome

(n=3)

Age, median (range), 
years

69 (32–80) 63 (37–80) 59 (46–72) 66 (32–72) 72 (70–76)

Sex, male, n (%) 14 (74) 6 (75) 3 (75) 4 (100) 1 (25)

Additional clinical 
features

Peripheral nervous system 
involvement (3 patients)

Diencephalitis (3 patients) Peripheral nervous system 
involvement (2 patients)

Cranial nerves involvement 
(1 patient)

Isolated confusion 
(2 patients), 
polyradiculoneuritis and 
parkinsonism (1)

Brain MRI

Normal 7 3 0 3 1

Temporomesial 
hyperintensities

5 5 0 0 0

Other 
abnormalities*

7 0 4 1 2

Cerebrospinal fluid

Normal 4 2 0 0 1

Pleocytosis (cells/
mm3)

11 2, usually mild (range: 0–10) 4, usually marked (range: 
20–210)

3, usually moderate (range: 
11–32)

2

Proteinorrachia (g/L) 12 5, usually mild (range: 0.3–0.9) 3, usually marked (range: 
0.9–2.5)

4, usually moderate (0.5–1.1) 0

Oligoclonal bands 5 1 out of 4 tested 2 out of 2 tested 2 out of 2 tested NA

Immunological 
background

Cancer 8 NSCLC, 3 melanoma, 2 
bladder, 2 kidney, 4 other 
cancers

4 NSCLC, 1 pleural 
mesothelioma, 1 kidney, 1 
melanoma,
1 liposarcoma+GIST

2 NSCLC, 1 kidney, 1 
melanoma

1 NSCLC, 1 SCLC, 1 bladder, 1 
Hodgkin’s lymphoma

1 NSCLC+rectal cancer, 1 
bladder, 1 melanoma

Central nervous 
system antibodies

Ma2 in 7, GFAP in 2, Hu in 1, 
CASPR2 in 1, atypical staining 
in 5

Ma2 in 7, atypical neuropil 
staining in 1

GFAP in 2, atypical neuropil 
staining in 1

Hu in 1, atypical neuropil 
staining in 2

CASPR2 in 1, atypical 
staining in 1

ICI treatment Nivolumab 8, pembrolizumab 
6, nivolumab+ipilimumab 
3, atezolizumab 1, 
durvalumab+ipilimumab 1

Pembrolizumab 4, nivolumab 3, 
nivolumab+ipilimumab 1

Nivolumab 2, 
pembrolizumab 1, 
nivolumab+ipilimumab 1

Nivolumab 2, atezolizumab 1, 
durvalumab+ipilimumab 1

Nivolumab 1, 
pembrolizumab 1, 
nivolumab+ipilimumab 1

Other immune- 
related adverse 
events

7 in 5 patients 1 vitiligo+thrombocytopaenia 1 hypophysitis 1 inflammatory arthritis 1 colitis+thyroiditis, 1 colitis

CTCAE grade, 
median (range)

3 (3–5) 3.5 (3–5) 4 (3–5) 3 (3) 3 (3–5)

Follow- up period, 
median (range), 
months

5 (1–23) 4.5 (1–13) 14 (3–15) 4.5 (2–23) 2.5 (1–19)

Outcome 6 died, 1 worsened despite 
treatment, 4 stabilised, 8 
improved or recovered

4 died, 1 worsened despite 
treatment, 2 stabilised and 1 
improved

1 died, 1 stabilised, 2 
improved

3 markedly improved, 1 
stabilised

1 died, 1 improved, and 1 
recovered

*Excluding brain metastasis.
CASPR2, contactin- associated protein- like 2; CNS- ICI, central nervous system immune- related complications; CTCAE, Common Terminology Criteria for Adverse Events; GFAP, glial 
fibrillar acidic protein; GIST, gastrointestinal stromal tumour; ICI, immune checkpoint inhibitor; NA, not available; NSCLC, non- small cell lung cancer; SCLC, small cell lung cancer.

Cerebellitis (n=4)

→
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Figure 1 Brain MRI findings in patients with CNS- ICI. (A–C) Brain MRI findings (FLAIR sequences) in three patients with anti- Ma2 limbic encephalitis 

triggered by ICIs. Note the prominent limbic (A–C, yellow arrows) and diencephalic (C, green arrows) involvement. (D–F) Brain MRI findings in a patient 

with concomitant pachymeningitis and hypophysitis triggered by ICIs. Axial FLAIR sequence showing symmetric enlargement of the pituitary gland (D, 

orange arrow). Postgadolinium images revealed intense gadolinium enhancement of the hypophysis (F, orange arrow). Concomitantly, a diffuse, gadolinium- 

enhancing, dural thickening can be observed (E–F, blue arrows). (G–I) Brain MRI of a patient with GFAP- associated meningoencephalitis reveals a 

prominent radial pattern of periventricular postgadolinium enhancement (G and H, T1 axial; I, T1 sagittal). Initially, the patient was misdiagnosed as having 

carcinomatous meningitis. CNS- ICI, central nervous system immune- related complications; FLAIR, fluid attenuated inversion recovery; GFAP, glial fibrillar 

acidic protein; ICI, immune checkpoint inhibitors.

Atypical syndromes (n=3)
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Table 2 Comparison between CNS- ICI and PN- ICI

Features

CNS- ICI

(N=19; present 

series)

PN- ICI

(N=77; review of the 

literature)* P value

Tumours, n (%)

  Melanoma 3 (16) 56 (73) <0.01

  NSCLC 8 (42) 10 (13) <0.01

  Others 8 (42) 11 (14) 0.01

Type of ICI, n (%) 0.01

  Anti- CTLA4 alone 0 20 (26)

  Others 19 (100) 57 (74)

Ab status, n (%) <0.01

  Ab+ 11 (58) 8 (10)†

  Ab− 8 (42) 69 (90)

Outcome, n (%) 0.053

  Worsened/died 7 (37) 12 (16)

  Stable/improved 12 (63) 65 (84)

*Online supplementary references 1−37.
†Ab+ included 1 GM2+GD1a; 1 GM1; 1 NS6S+TS- HDS; 1 MPO+PR3; 1 pANCA; 1 
P/Q VGCC; 1 Striatal Abs; 1 novel (IgM against myelinating sensory neurons and 
Schwann cells).
Ab, antibody; CNS- ICI, central nervous system immune- related complications; 
CTLA4, cytotoxic T- lymphocyte antigen 4; ICI, immune checkpoint inhibitor; NSCLC, 
non- small cell lung cancer; PN- ICI, peripheral neuropathies triggered by ICIs.

Comparison between CNS-ICI and PN-ICI

DISCUSSION
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Abstract
Objective
To describe the spectrum, treatment, and outcome of cranial nerve disorders associated with
immune checkpoint inhibitor (Cn-ICI).

Methods
This nationwide retrospective cohort study on Cn-ICI (2015–2019) was conducted using the
database of the French Refence Center. In addition, a systematic review of the literature
(MEDLINE, Scopus, and Web of Science) for records published between 2010 and 2019 was
performed following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
guidelines using the search terms cranial nerve or neuropathy or palsy and immune checkpoint
inhibitors.

Results
Among 67 cases with ICI-related neurologic toxicities diagnosed in our reference center, 9
patients with Cn-ICI were identified (7 men, 78%, median age 62 years [range 26–82 years]).
Patients were receiving a combination of anti–cytotoxic T-lymphocyte antigen 4 and anti–
programmed cell death 1 (PD-1)/PD-1 ligand (n = 5, 56%) or anti–PD-1 antibodies alone (n = 4,
44%). Cn-ICI involved optic (n = 3), vestibulocochlear (n = 3), abducens (n = 2), facial (n = 2),
and oculomotor (n = 1) nerves. Two patients had involvement of 2 different cranial nerves.
Treatment comprised corticosteroids (n = 8, 89%), ICI permanent discontinuation (n = 7, 78%),
plasma exchange (n = 2, 22%), and IV immunoglobulin (n = 1, 11%). Median follow-up was 11
months (range 1–41 months). In 3 cases (33%), neurologic deficit persisted/worsened despite
treatment: 2 optic and 1 vestibulocochlear. Among cases from the literature and the present series
combined (n = 39), the most commonly affected cranial nerves were facial (n = 13, 33%),
vestibulocochlear (n = 8, 21%), optic (n = 7, 18%), and abducens (n = 4, 10%). Trigeminal,
oculomotor, and glossopharyngeal nerves were less frequently affected (total n = 7).

Conclusion
Cranial nerve disorders can complicate treatment with ICIs. Approximately one-third of the
patients had persisting deficits, most frequently involving hearing and vision loss.
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Immune checkpoint inhibitors (ICIs) are novel drugs that
have revolutionized oncologic practice by increasing survival
in patients with advanced tumors, including melanoma,
non–small cell lung cancer, and kidney cancer.1 ICIs are able
to potentiate T-cell activation and consequently lead to an
immune attack against cancer cells. Given their mechanism of
action, ICIs may unleash a number of immune-related
toxicities.2–6

Neurologic disorders triggered by ICIs are relatively rare, in-
volving ≈1% to 3% of the patients, yet are potentially disabling
or even fatal.2,3,6–8 The clinical features of ICI-induced central
(i.e., limbic encephalitis, meningoencephalitis, and cerebellitis)
3,9 and peripheral (peripheral neuropathy, myasthenia gravis,
and myopathy)10–12 manifestations were recently described in
relatively large series, and it appears that these phenotypes
might differ from their classic neurologic counterparts.10,13

Conversely, only a few case reports and small case series have
reported cranial nerve disorders after ICIs (Cn-ICI) as possible
complications; therefore, information on the spectrum, treat-
ment, and outcome of Cn-ICI is limited. Moreover, little is
known regarding isolated Cn palsy induced by immunotherapy
because most of the reported cases of Cn-ICI developed along
with a concomitant meningitis11 or Guillain-Barré syndrome
(GBS),14 which likely have a different immunologic back-
ground and disease course.

In the present study, we describe the clinical characteristics,
treatment, and outcome of Cn-ICI diagnosed at the French
Reference Center for Paraneoplastic Neurologic Syndromes
and Autoimmune Encephalitis (Lyon, France). We also ana-
lyze previously reported cases of Cn-ICI obtained from a
systematic review of the literature.

Methods
Standard Protocol Approvals, Registrations,
and Patient Consents
All patients gave written informed consent. The study was
approved by the institutional ethics committee of the Uni-
versity Claude Bernard Lyon 1 and Hospices Civils de Lyon.

Patient Selection
The National Reference Center for Paraneoplastic Neuro-
logic Syndromes and Autoimmune Encephalitis (Lyon,
France) provides antibody testing and clinical care for sus-
pected cases of paraneoplastic and other autoimmune neu-
rologic syndromes, including neurologic complications of

cancer immunotherapy. Patients are admitted directly to the
center, or alternatively, their serum and/or CSF samples are
sent for analysis from the other French hospitals, together
with accompanying medical charts. Moreover, countrywide
guidance via telemedicine is provided with discussion of di-
agnosis (including the possibility to review relevant neuro-
imaging studies) and management of these disorders. Clinical
information on patients referred to the center is collected and
kept in a database onsite, along with relevant neuroimaging
data (reviewed by A.V., S.M.-C., and J.H.).

For the purpose of this study, we searched the database of the
reference center for patients who developed Cn disorders
after receiving ICI treatment between January 1, 2015, and
December 31, 2019. A.V. performed the initial search in the
electronic database for patients who developed neurologic
toxicities after ICI treatment using a standard data extraction
tool. Among the retrieved cases, the associated medical charts
were then examined in detail. The inclusion criterion was the
presence of an impairment of ≥1 of the 12 Cns in which no
alternative cause was found other than the toxicity due to ICIs.
ICIs considered were ipilimumab and tremelimumab, inhib-
itors of the cytotoxic T-lymphocyte antigen 4 (CTLA-4);
nivolumab and pembrolizumab, inhibitors of programmed
cell death 1 (PD-1); and atezolizumab, avelumab, and dur-
valumab, inhibitors of PD-1 ligand (PD-L1).

Clinical and ancillary data (results of CSF analysis andMRI of
the brain) were extracted by retrospective medical record
review. For the cases identified with Cn involvement, the
physicians in charge of the patients were contacted to obtain
the information on last follow-up. The samples (serum or
CSF) of the patients were systematically tested with immu-
nohistochemistry on rat brain sections as initial assessment,
followed by a second confirmatory test—dot blot analysis on
recombinant proteins (Euroimmun, Lübeck, Germany, or
RAVO Diagnostika, Freiburg, Germany) or cell-based assays
(in-house techniques)—for the presence of neuronal anti-
bodies (anti-Hu, Yo, Ri, Ma2, CV2/CRMP5, amphiphysin,
GAD65, AK5, NMDAR, AMPAR, GABAAR, GABABR,
IgLON5, LGI1, CASPR2, and DPPX). In addition, patients
presenting with optic neuritis were tested, according to in-
ternal protocols, for other autoimmune (antinuclear, anti-
neutrophil cytoplasmic, myelin oligodendrocyte glycoprotein,
and aquaporin-4 antibodies, as well as minor salivary gland
biopsy and chest CT) and infectious (Borrelia, Bartonella,
Treponema, Mycobacterium, herpes simplex virus, human im-
munodeficiency virus) etiologies. A search for neoplastic cells

Glossary
Cn-ICI = cranial nerve disorders after ICI; CTLA-4 = cytotoxic T-lymphocyte antigen 4; GBS = Guillain-Barré syndrome;
ICI = immune checkpoint inhibitor; IDON = idiopathic demyelinating optic neuritis; IVIG = IV immunoglobulin; PD-L1 =
PD-1 ligand; PD-1 = programmed cell death 1; PLEX = plasma exchange; PRISMA = Preferred Reporting Items for Systematic
Reviews and Meta-Analyses.
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was performed in the CSF in all cases. Patients with cranial
neuropathies secondary to diabetes or to ischemia, structural,
infectious, iatrogenic, or compressive etiologies (including
neoplastic infiltration due to carcinomatous meningitis) or
idiopathic Cn disorders (i.e., developing before administra-
tion of ICIs) were excluded. The final decision to include the
patient was reached after consensus-based discussion between
A.V., S.M.-C., and J.H. Outcomes were classified into 2 cat-
egories: partial or complete improvement (good outcome) or
persistence or worsening of the neurologic deficit (poor
outcome).

Review of the Literature
We conducted a systematic review of the literature following
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines to retrieve information
on previously reported Cn-ICI cases. The primary aim was to
define the relative frequencies of Cn-ICI and their clinical and
paraclinical features, management, and outcome. We per-
formed a comprehensive search in MEDLINE (PubMed),
Scopus, and Web of Science for records published in English
between January 1, 2010, and December 31, 2019, using the
following search terms: cranial nerve or neuropathy or palsy
and immune checkpoint inhibitors. In addition, the reference
lists of all selected articles were perused to identify any missed
articles. We included in the analysis only articles in which
clinical information was assessable at an individual patient level.
Patients whose clinical features were found to be related to
myasthenic syndromes were excluded. The following data were
extracted: sex, age, Cn involved, other neurologic manifesta-
tions, type of cancer, ICI used, results of CSF and MRI studies,
neurologic immunotherapy, and outcome.

A.V. performed the initial selection, review, and extraction of
clinical information, while J.H. supervised the entire system-
atic review process. The PRISMA flow diagram is presented in
figure 1.

Data Availability
Anonymized data will be shared on reasonable request from
any qualified investigator.

Results
Present Series
Among 67 cases with ICI-related neurologic toxicities di-
agnosed in our reference center, 9 patients with Cn-ICI were
identified (7 men, 78%, median age 62 years (range 26–82
years). Underlying cancers included melanoma (n = 5, 56%),
kidney (n = 3, 33%), and bladder (n = 1, 11%). Patients were
receiving a combination of anti–CTLA-4 and anti–PD-1/PD-
L1 (n = 5, 56%), including ipilimumab-pembrolizumab (n = 3),
ipilimumab-nivolumab (n = 1), and tremelimumab-
durvalumab (n = 1), or anti–PD-1 antibodies alone (n = 4,
44%), including nivolumab (n = 3) and pembrolizumab (n =
1). Eight patients (89%) achieved a partial or complete

oncologic response after introduction of ICIs. Cn disorders
ensued a median 3 months after ICI treatment (range 1–15
months). Cn-ICI involved optic (n = 3), vestibulocochlear (n =
3), abducens (n = 2), facial (n = 2), and oculomotor (n = 1)
nerves. Two patients had involvement of 2 different Cns (pa-
tient 3, optic and vestibulocochlear; patient 7, abducens and
facial). Bilateral palsies were also observed (n = 4, 44%). Two
patients manifested Cn-ICI in the context of other neurologic
immune-mediated disorders: patient 5 later developed limbic
encephalitis, while patient 8 manifested a Miller Fisher–like
syndrome. Three nonneurologic immune-related adverse
events were observed in 2 patients: patient 1 developed vitiligo
and arthritis, and patient 6 developed colitis. Brain MRI was
performed in 8 cases (89%) and found enhancement of the
affected nerve in 2 of the 8 (25%). In 1 of this 2 cases (patient
1), right optic nerve hypersignal (figure 2A) coexisted with a
small, nonenhancing area of hypersignal involving the cere-
bellum, while the patient never experienced cerebellar symp-
toms. Patient 5 had bilateral mesial temporal lobe
hyperintensity. The remaining 5 of 8 patients (62%) had a
normal/nonspecific brain MRI. CSF analysis was performed in
all cases (100%), showing inflammatory alterations in 5 of them
(56%), including pleocytosis (n = 4) and increased protein
content (n = 2). Neural antibody testing was negative in all but
1 case (patient 5, who hadMa1 andMa2 positivity). Treatment
for Cn-ICI included corticosteroids (n = 8, 89%), plasma ex-
change (PLEX; n = 2, 22%), and IV immunoglobulin (IVIG; n
= 1, 11%). ICIs were permanently discontinued 7 cases (78%).
The median follow-up from Cn-ICI onset was 11 months
(range 1–41months). Cn-ICI improved partially or completely
in 6 cases (67%), while in 3 cases (33%), the neurologic deficit
persisted or worsened (2 optic and 1 vestibulocochlear).

Clinical Vignettes

Optic Neuropathy

Patient 1

A 26-year-old man with melanoma was admitted due to acute-
onset, painless, visual blurring in the right eye 1 month after
pembrolizumab onset. A right relative afferent pupillary defect
was detected. Brain MRI showed right optic nerve hypersignal
(figure 2A), with mild contrast enhancement. In addition, a
small, nonenhancing area of hypersignal involving the cerebel-
lum was also observed. CSF analysis revealed pleocytosis (34
cells/mm3) and normal protein content. The patient sponta-
neously improved 2 weeks after ICI withdrawal. A control brain
MRI performed 2months later demonstrated resolution of right
optic nerve abnormalities and unchanged cerebellar lesion.
Despite pembrolizumab withdrawal, new-onset vitiligo and in-
flammatory arthritis were subsequently diagnosed, while the
patient maintained a complete oncologic response.

Patient 2

A 58-year-old woman with melanoma developed over days
decreased visual acuity in the right eye 6 months after
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pembrolizumab initiation. She had previously received ipili-
mumab without objective cancer response. Twenty days
thereafter, she complained of left visual loss that evolved over
some hours. No associated pain was reported. Visual im-
pairment of the left eye was severe. Funduscopic examination
revealed normal findings in the initial phase, followed by
detection of bilateral disc pallor 2 weeks later. Visual evoked
potentials confirmed the clinical diagnosis of bilateral optic
neuropathy. Brain CT with contrast injection was normal (the
patient had a non–MRI-compatible device). CSF examination
was normal. Pembrolizumab was permanently discontinued,
and IV methylprednisolone was administered without im-
provement. The patient died 10 months later.

Patient 3

A 75-year-old woman with melanoma receiving ipilimumab-
pembrolizumab reported the subacute onset of bilateral
hearing loss without associated ear pain, tinnitus, vertigo, or
ataxia few weeks after immunotherapy onset. Audiometry
confirmed bilateral, asymmetric, sensorineural hearing loss.
Concomitantly, the patient developed over 10 days painless,
bilateral, decreased visual acuity. Optical coherence tomog-
raphy revealed bilateral papillary edema. Brain MRI showed

mild enhancement of the right optic nerve. A lumbar puncture
did not reveal inflammatory changes. ICIs were permanently
discontinued. Corticosteroid bolus (1g/d for 3 days) was
administered intravenously without clinical improvement.
Slight visual improvement was noticed after 2 cycles of PLEX,
but bilateral optic atrophy was observed 1 month later. The
patient was stable at the last follow-up 23 months after onset
of symptoms but was left severely visually impaired.

Vestibulocochlear Neuropathy

Patient 4

A 62-year-old man with bladder cancer received 4 cycles of an
MVAC regimen (methotrexate, vinblastine, doxorubicin, and
cisplatin) followed by surgery. Eighteen months later, treat-
ment with tremelimumab-durvalumab was started. The pa-
tient abruptly developed nausea, vomiting, and rotatory
vertigo 15 months after ICI initiation, describing a clear ag-
gravation of symptoms with changing head position. The
following days, he complained of right ear tinnitus. During
rapid rightward head movements, the patient made leftward
saccades (positive Halmagyi test). In addition, video-
nystagmography and vestibular evoked myogenic potential
were performed, confirming right vestibular function

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Flowchart
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impairment. Brain MRI and CSF analyses were normal. ICIs
were permanently discontinued. The patient received oral
corticosteroids with complete recovery within 3 months while
maintaining oncologic stability.

Patient 5

A 53-year-old man with kidney cancer abruptly developed
hearing loss on the right side, vertigo, and ataxia 3 months after
nivolumab initiation. Fifteen days later, he started to develop
anterograde memory deficits, depressive mood, daytime som-
nolence, and weight gain. Brain MRI showed bilateral mesial
temporal lobe hyperintensity. CSF examination showed nor-
mal cell count and increased protein content (0.92 g/L). An-
tibodies againstMa1 andMa2 were detected in both serum and
CSF. Nivolumab was discontinued, and treatment with corti-
costeroid bolus (500 mg/d for 3 days) was initiated. In addi-
tion, 7 cycles of PLEX were administered. Improvement in
memory and mood disturbances was noticed, but gait distur-
bances and hearing loss remained unchanged. The patient
described a waxing-waning course of vertigo. A neuro-otologic
examination with videonystagmography was performed, con-
firming right vestibular dysfunction. A partial oncologic re-
sponse was documented after ICI treatment.

Abducens Neuropathy

Patient 6

A 63-year-old man with melanoma presented with acute-onset
horizontal diplopia 1 month after ipilimumab-pembrolizumab
initiation. Neurologic examination showed isolated left abdu-
cens Cn palsy. The patient did not describe fluctuation of
symptom severity during the day. CSF analysis was mildly
inflammatory: 6 white cells and normal protein content. Brain
MRI was normal. Treatment with ICIs was temporary

withheld, and oral corticosteroids were administered with rapid
improvement. Six weeks after onset, the abducens nerve palsy
was completely resolved, and treatment with pembrolizumab
was readministered as monotherapy and continued until new-
onset autoimmune colitis ensued. At last follow-up, 15 months
after the onset of symptoms, the patient was in good condition
with a partial oncologic response.

Patient 7

An 82-year-old man with melanoma manifested subacutely
binocular diplopia after 3 cycles of nivolumab. Neurologic
examination found a left abducens nerve palsy. The diplopia
was described as persistent without fluctuations during the
day. Brain MRI found vascular leukopathy without evidence
of acute lesions on diffusion-weighted imaging sequences.
Treatment with nivolumab was continued. One month later,
he was readmitted due to the appearance of facial diplegia and
persistence of the left abducens nerve palsy. A CSF exami-
nation revealed pleocytosis (80 cells/mm3) and increased
protein content (1 g/L). Treatment with nivolumab was
permanently withheld, and prednisone (1 mg/kg/d) was
started with complete neurologic recovery. At the 2-year
follow-up, the patient achieved a complete cancer response
without neurologic symptom recurrence.

Oculomotor Neuropathy

Patient 8

A 76-year-old man with kidney cancer developed left eye
ptosis and binocular diplopia after 5 cycles of nivolumab. Oral
corticosteroid treatment was given (60 mg daily) without any
improvement. Subsequently, the patient developed ptosis on
the right eye. Neurologic examination found bilateral, pupil-
sparing, Cn III palsy. Later, the patient also developed

Figure 2 Neuroradiologic Abnormalities in a Patient Presenting With Optic Neuritis Triggered by Immune Checkpoint
Inhibitors

(A) Brain MRI findings in patient 1, presenting
optic neuritis 1 month after pembrolizumab on-
set. Coronal section, T2-weighted imaging,
showed the presence of right optic nerve
hypersignal. Mild contrast enhancement of the
same nerve was also present after gadolinium
(Gad) injection (not shown). (B) Brain MRI find-
ings in patient 3, manifesting optic neuritis a few
weeks after ipilimumab-pembrolizumab initia-
tion. Axial section, T1-weighted imaging, showed
the presence of contrast enhancement of the
right optic nerve.
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reduction of vibration sense distally at the lower limbs and
mild sensory ataxia. Brain MRI and CSF examination were
both normal, but nerve conduction studies showed prolonged
distal latencies and F waves at the lower limbs, consistent with
a demyelinating polyradiculoneuropathy. Repetitive nerve
stimulation was normal. Nivolumab was permanently dis-
continued. After 3 months (during which 3 courses of IVIG
were administered), ptosis, diplopia, and the mild gait dis-
turbances completely resolved. Cancer progression was
documented at the last oncologic follow-up.

Facial Neuropathy

Patient 9

A 51-year-old man with kidney cancer manifested unilateral
peripheral facial palsy after 4 cycles of ipilimumab-nivolumab.
Brain MRI was normal. CSF analysis found only mild pleo-
cytosis (7 cells/mm3). Total-body CT documented a partial
oncologic response. He was treated with oral corticosteroids
(60 mg daily) with complete resolution of facial palsy within
20 days. Treatment with nivolumab as single agent was
restarted 1 month later.

Review of the literature
A total of 28 cases of Cn-ICIs in 26 patients were previously
described in the literature.11,14–29 Two patients presented
with 2 Cns involved (1 patient with trigeminal and glosso-
pharyngeal neuropathy,11 1 patient with abducens and facial
neuropathy15). By combining cases retrieved from the liter-
ature review and the present series (total n = 39 Cn-ICI from
35 patients), we were able to identify the clinical features of
the most frequent nerve involvements (table). In order of
frequency, the most common Cn-ICI disorders reported were
facial (n = 13, 33%), vestibulocochlear (n = 8, 21%), optic (n
= 7, 18%), and abducens involvement (n = 4, 10%). Less
frequent Cn-ICIs were oculomotor (n = 3, 8%), trigeminal (n
= 3, 8%), and glossopharyngeal (n = 1, 3%) nerves. Among all
patients with Cn-ICI, 12 of 35 (34%) were treated with a
combination of 2 ICIs, while 23 of 35 (66%) received a
monotherapy.

Facial nerve palsy was bilateral in 5 of 13 patients (38%). Four
patients (31%) had concomitant GBS (2 with bilateral facial
palsy), and 1 (8%) had Miller Fisher syndrome (with bilateral
facial palsy). Facial nerve palsy developed a median of 2
months after ICI onset (range 0.5–17 months). Treatment
included corticosteroids in 11 of 13 (85%) and IVIG in 3 of 13
(23%) patients. In 5 of 13 patients (38%), ICIs were per-
manently discontinued, while in 2 of 13 cases (15%), only 1 of
2 ICIs was withdrawn. In 1 case, ICI therapy was held before
toxicity ensued. In the remaining 5 of 13 cases (38%), ICI
administration was temporarily interrupted at the time of the
neurologic toxicity. A partial (3 of 13, 23%) or full (10 of 13,
77%) recovery was observed in all cases.

Bilateral involvement of the vestibulocochlear nerve was
detected in 6 of 8 cases (75%). Most frequently reported

symptoms were hearing loss in 5 of 8 (62%), vertigo in 4 of 8
(50%), balance disorders in 4 of 8 (50%), and tinnitus and
vomiting in 1 of 8 each (12%). The syndrome ensued a me-
dian 2.5 months after ICI onset (range 0.5–15 months).
Therapy comprised corticosteroids in 6 of 8 (75%) and PLEX
in 2 of 8 (25%). ICIs were permanently discontinued in 5 of 8
(62.5%). A partial/full recovery was obtained in 4 cases
(50%), while in 4 (50%), the neurologic deficit persisted or
worsened.

Optic nerves were bilaterally involved in 5 of 7 cases (71%).
Clinical presentations included painless reduction in visual
acuity evolving over hours to few days in 7 of 7 (100%) and
dyschromatopsia in 2 of 7 (29%). Two patients (29%) had
concomitant hypophysitis. The symptoms developed a me-
dian of 4 months after ICI treatment (range 1.5–12 months).
Treatment included corticosteroids in 6 of 7 (86%), PLEX in
2 of 7 (29%), andmycophenolate mofetil in 1 of 7 (14%). ICIs
were permanently discontinued in 5 of 7 cases (71%). Partial/
full recovery was obtained in 4 cases (57%), while in 3 cases
(43%), the deficit persisted/worsened.

All patients with abducens palsy had unilateral involvement (n
= 4, 100%), and the neurologic deficit manifested a median of
1 month after ICI introduction (range 1–13 months). All
patients received oral corticosteroids (100%). ICI were per-
manently withheld in 3 of 4 (75%). A complete recovery was
achieved in all cases (100%).

Discussion
The present study found that Cn disorders represent a pos-
sible complication of ICI treatment. An immune-mediated
involvement of Cns unleashed by ICIs is supported in the
cases reported herein by the association with other neurologic
and nonneurologic immune-related adverse events, the oc-
currence of Cn-ICI along with a favorable oncologic response,
and the possible positive effect of corticosteroids and other
first-line immunotherapies, but also the improvement or
resolution of neurologic disorders that was achieved in two-
thirds of the cases that was maintained after a median follow-
up of ≈1 year.

By combining the patients of the present series with those
previously described in the literature, we were able to define
the spectrum of Cn-ICI. The most commonly affected nerves
in order of frequency included facial (VII), vestibulocochlear
(VIII), optic (II), and abducens (VI). Bilateral involvement
was common (44% of the cases in the present series, more
frequently for Cn II and VIII), as was enhancement of the
affected Cns. The latter finding was also described in a pre-
vious clinical series,11 which included mostly patients with
facial nerve involvement. Some features of Cn-ICI appeared
different from their classic inflammatory counterparts not
induced by ICIs. For example, all patients with ICI-triggered
optic nerve involvement developed a painless reduction of
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visual acuity, while it is known that in idiopathic demyelinating
optic neuritis (IDON) loss of vision is typically accompanied
by pain around the eye, which is worsened by eye movement.30

Moreover, the improvement of visual acuity within 4 weeks is a
typical observation in IDON,30 whereas 2 patients in the pre-
sent series did not experience any long-term improvement
despite ICI withdrawal. Conversely, other features appear in
line with typical IDON, including the occurrence of visual loss
over hours to a few days and optic nerve hypersignal or
gadolinium enhancement.30 The facial nerve was less com-
monly involved in the series presented herein compared to
those identified in the literature. This could be related to Bell
palsy being a frequent and usually benign clinical condition,
which probably prevented referral to our national reference
center. In agreement with this hypothesis, the outcome of facial
nerve palsy after ICIwas good in all patients. Conversely, half of
the cases with vestibulocochlear nerve involvement (mainly
characterized by sensorineural deafness) failed to improve.
Taken together, the present findings indicate that hearing and
vision loss can complicate ICI therapy and are highly disabling
complications for the patient.

The reported clinical observations allow speculation on the
anatomic targets and disease mechanisms of Cn-ICI. In this
regard, optic nerve involvement should be highlighted, given
the fact that this nerve has distinctive characteristics: it is a
structure of the CNS and thus is myelinated by oligodendro-
cytes and surrounded by CSF.31 We observed inflammatory
CSF alterations in most of the cases, while MRI demonstrated
subtle, circumferential, perineural enhancement of the optic
nerve. In addition, 1 of our patients also developed asymp-
tomatic white matter lesions in the cerebellum. We therefore
speculate that a demyelinating pathogenesis can be relevant in
ICI-triggered optic neuritis. It should be noticed that myelin
oligodendrocyte glycoprotein and aquaporin-4 antibodies were
negative in all our patients with optic nerve involvement.
Several case reports have described the occurrence of de-
myelinating disease involving the CNS after ICIs.32 A de-
myelinating process can be the mainmechanisms also for some
patients with peripheral Cn-ICI, in particular those with con-
comitant GBS (mostly cases with facial diplegia). One of our
patients manifested an incomplete variant of Miller Fisher
syndrome. Approximately 90% of cases with facial nerve in-
volvement in which a lumbar puncture was performed had CSF
inflammatory alterations. Overall, all patients with facial nerve
involvement had a peripheral palsy.

Despite the lack of infectious etiology identified, we wonder
whether a previous infection by a viral pathogen could be
important in the pathogenesis of an inflammatory disorder
triggered by ICIs, as was demonstrated for Epstein-Barr virus
and ICI-related encephalitis.33 For example, it is known that
peripheral facial nerve palsy can be caused by reactivation of
varicella zoster virus, which can remain dormant for long time
in the geniculate ganglion where its replication is controlled
by specific T cells.34 Conversely, the potential effect of T-cell
activation by ICIs in this context still needs to be defined.Ta
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The presence of sensorineural hearing loss variably associ-
ated with vertigo, balance disorders, and tinnitus suggested
an involvement of the inner ear or the vestibulocochlear
nerve, although the exact definition of the site of the lesion is
difficult in retrospectively collected series. However, no
lesion affecting the central auditory pathway or the vestib-
ular nuclei of the brainstem was observed on MRI. In only 1
case (patient 4), potentially ototoxic drugs were adopted
before ICI. However, in this case, chemotherapy with cis-
platin was administered almost 3 years before the onset of
vestibulocochlear symptoms, which appeared abruptly and
completely resolved with corticosteroids, suggesting an in-
flammatory rather than toxic etiology. Regarding the path-
ogenesis of Cn-ICI, we also noticed that the frequency of
combination treatment among patients with Cn disorders
(34%) was higher than that observed for other neurologic
complications in large pharmacovigilance studies (ranging
from 7% in myasthenia gravis to 17% in GBs and enceph-
alitis to 22% in meningitis).35

The main differential diagnosis for Cn-ICI is carcinomatous
meningitis. CSF was studied in all patients, and malignant
cells were not found. Moreover, no patient presented re-
duced glucose levels (an indirect sign of leptomeningeal
metastasis), and in no case were MRI findings consistent
with subarachnoid nodules or hydrocephalus (consequence
of the less efficient CSF reabsorption due to niches of
neoplastic cells).36 These elements, along with the good
oncologic response and long-term follow-up, support the
hypothesis of an autoimmune complication rather than a
neoplastic one.

This study has limitations posed by its retrospective nature,
the small number of cases available, and possibly referral and
publication bias toward more severe cases.

Cn disorders can complicate treatment with ICIs. Several
observations suggest the pathogenesis is immune mediated,
including the co-occurrence with nonneurologic immune-
related adverse events, detection of inflammatory CSF al-
terations, favorable response to corticosteroids in two-thirds
of the cases, and a good oncologic outcome. Facial, vesti-
bulocochlear, optic, and abducens nerves are the most
commonly involved, and bilateral palsy is frequent. Ap-
proximately one-third of the patients had persisting deficits,
most frequently involving hearing and vision loss.
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Abstract
Background The epidemiology of paraneoplastic neurological syndromes (PNS) remains to be defined. We present here 

the first population-based incidence study and report the clinical spectrum and antibody profile of PNS in a large area in 

Northeastern Italy.

Methods We performed a 9-year (2009–2017) population-based epidemiological study of PNS in the provinces of Udine, 

Pordenone and Gorizia, in the Friuli-Venezia Giulia region (983,190 people as of January 1, 2017). PNS diagnosis and sub-

groups were defined by the 2004 diagnostic criteria. Age- and sex-adjusted incidence rates were calculated.

Results We identified 89 patients with a diagnosis of definite PNS. Median age was 68 years (range 26–90), 52% were 

female. The incidence of PNS was 0.89/100,000 person-years. PNS incidence rates increased over time from 0.62/100,000 

person-years (2009–2011), 0.81/100,000 person-years (2012–2014) to 1.22/100,000 person-years (2015–2017). The preva-

lence of PNS was 4.37 per 100,000. Most common PNS were limbic encephalitis (31%), cerebellar degeneration (28%) and 

encephalomyelitis (20%). Among antibody (Ab)-positive cases, most frequent specificities included: Yo (30%), Hu (26%), 

and Ma2 (22%), while the most frequent associated tumors were lung (17%) and breast cancer (16%), followed by lymphoma 

(12%). PNS developed in 1 in every 334 cancers in our region. Statistically significant associations were observed between 

cancer type and Ab-specificity (P < 0.001), and between neurological syndrome and Ab-specificity (P < 0.001).

Conclusions This first population-based study found an incidence of PNS that approximates 1/100,000 person-years and a 

prevalence of 4/100,000. Moreover, the incidence of PNS is increasing over time, probably due to increased awareness and 

improved detection techniques.

Keywords Paraneoplastic syndromes · Epidemiology · Incidence · Prevalence · Encephalitis · Autoimmune

Introduction

Paraneoplastic neurological syndromes (PNS) are immune-

mediated complications of cancer that can affect any part 

of the central or peripheral nervous system [1–3]. Their 

diagnosis requires the exclusion of other conditions directly 

or indirectly related to cancer (e.g., metastasis, infections, 

coagulopathy, side effects of chemotherapy, metabolic or 

nutritional deficits) that could account for the neurological 

symptoms [1–4]. The best evidence for the autoimmune eti-

ology of PNS relies on the demonstration of onconeural anti-

bodies (Abs) in the serum and cerebrospinal fluid (CSF) of 

patients, together with the evidence of inflammatory changes 

in the CSF (pleocytosis, presence of CSF-exclusive oligo-

clonal bands, OCBs) or in magnetic resonance imaging 

(MRI) studies (e.g., MRI features suggestive of encephalitis 

or myelitis) [2–5].

Paraneoplastic neurological syndromes are rare: Darnell 

and Posner suggested that PNS develop in 1 in every 10,000 

patients with cancer [1], although there are no data to sup-

port such a low prevalence. Their rarity makes it difficult 

to collect large groups of patients in individual centers that 

would allow carrying out extensive epidemiological studies. 
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Instead, most patients are referred to third-level neuroim-

munology institutions, for antibody testing and experimental 

studies. Moreover, in the last decade, the number of vali-

dated antibody markers of PNS and other immune-mediated 

neurological syndromes has increased dramatically. For all 

these reasons, there is no study to date examining the inci-

dence of PNS at a population level. Awareness of the epi-

demiology of PNS is essential for allocation of health-care 

resources and development of an adequate response. The 

diagnostic criteria for PNS and their subcategories published 

in 2004 are utilized in this study [4, 6].

Herein, we describe the incidence, prevalence, clinical 

features, oncologic associations and antibody profile of PNS 

in the Friuli-Venezia Giulia Region, Italy.

Methods

Study area and population

This population-based study was carried out in the prov-

inces of Udine, Pordenone and Gorizia in Northeastern Italy, 

in the Friuli-Venezia Giulia region. These three provinces 

cover a flat area of 7711.86  km2. During the study period 

(January 1, 2009 to December 31, 2017), the mean popula-

tion was 988,014 people (140,522 in the province of Gorizia; 

311,976 in the province of Pordenone; and 535,516 in the 

province of Udine). The region’s main hospital—Udine Uni-

versity Hospital—is a tertiary referral hospital with 700 beds 

and over 47,000 admissions per year. The hospital serves 

as a “hub center” for PNS and autoimmune encephalitis 

(AE), given the presence of a dedicated neuroimmunology 

service (Immunopathology Laboratory), which is the only 

center in the region for PNS and AE antibodies analysis. All 

biological samples (serum and/or cerebrospinal fluid) from 

patients with a diagnosis of suspected PNS or AE admitted 

to the “spoke centers” (Pordenone and Gorizia) are sent to 

the Udine University Hospital for onconeural and neuronal 

surface antibody testing.

Definitions and classifications

All patients underwent a comprehensive laboratory test-

ing for suspected PNS and AE, including both immuno-

fluorescence on rat brain sections and line-blot analysis 

(Euroimmun, Luebeck, Germany) on recombinant proteins 

for the presence of onconeuronal Abs (Hu, Yo, Ma2, Ri, 

CV2/CRMP5, amphiphysin) and transfected cells-based 

assays (Euroimmun, Luebeck, Germany) for Abs directed 

toward neural surface antigens (NMDAR, LGI1, CASPR2, 

AMPAR,  GABABR). Seronegative or indeterminate cases 

were also tested in an independent laboratory center special-

ized in the diagnosis of PNS and AE (Centre National de 

Référence pour les Syndromes Neurologiques Paranéopla-

siques, Lyon, France).

The patients were also screened for the presence of an 

underlying tumor, using whole-body computed tomogra-

phy (CT), 18Fluorodeoxyglucose (18F-FDG) PET/CT and 

ancillary testing when indicated (e.g., testicular ultrasound 

in male patients with anti-Ma2 antibodies or pelvic MRI in 

women with NMDAR Abs). Demographic, clinical, radio-

logical, and neurophysiological data of all patients were 

reviewed for further analysis.

Paraneoplastic neurological syndromes diagnosis utilized 

PNS Euronetwork criteria [6], which classify cases with two 

degrees of certainty, i.e., “possible” or “definite” PNS. The 

latter was adopted in the present study for calculation of 

incidence.

The criteria to be met for consideration of “definite PNS” 

include: (1) a classical syndrome (e.g., limbic encephalitis) 

and a tumor that develops within 5 years of the diagnosis 

of the neurological condition; (2) a non-classical syndrome 

(e.g., motor neuron syndrome) that resolves or significantly 

improves after tumor treatment; (3) a non-classical syn-

drome with onconeural Abs and a malignancy that develops 

within 5 years of the diagnosis of the neurological condi-

tion; (4) a neurological syndrome with well-characterized 

onconeural antibodies, and no associated malignancy [6]. 

Exclusion criteria were as follows:

– Presence of alternative disease (other than PNS or AE) 

as underlying cause of the neurological syndrome.

– Lack of complete clinical and paraclinical data.

Moreover, in agreement with previous studies, we decided 

to exclude patients with myasthenia gravis and paraproteine-

mic neuropathies, since (1) these conditions are usually not 

considered within the PNS spectrum [6], even if a substan-

tial number of patients harbor an underlying tumor (e.g., 

thymoma in patients with myasthenia gravis) and (2) their 

epidemiology is already well defined [7–11].

Case collection and ascertainment

To obtain a complete case ascertainment, multiple overlap-

ping sources were used. First, the database of the Immu-

nopathology Laboratory of the “Ospedale Santa Maria 

della Misericordia” of Udine was retrospectively screened 

to retrieve records of patients tested for the presence of 

onconeural and neuronal surface Abs from January 1, 2009 

to December 31, 2017. Laboratory data were assessed by 

two of the authors (MF, SS) for case validation. Secondly, 

we used data on patients with suspected PNS from the Neu-

rology Departments of the Hospitals of Udine, Pordenone 

and Gorizia included in a hospital-based database, using ret-

rospective methods. Third, hospital discharge diagnoses of 
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all the departments of the above-mentioned hospitals were 

screened using the ICD-9 diagnostic code 323. Therefore, 

we expected to have complete coverage of all patients with 

PNS in that area. We included only patients residing in the 

census area of the three provinces. Medical records of all 

patients included were reviewed by three neurologists (EC, 

AM, AB) for case validation and blindly checked by the 

principal investigator (AV).

Statistical analyses

Average annual incidence rates were calculated for the 

period 2009 to 2017. We estimated the annual incidence rate 

of PNS in the provinces of Udine, Pordenone and Gorizia 

as the ratio between the number of newly ascertained cases 

and the population of the three provinces in that year. We 

also stratified the estimates by sex and age group. The preva-

lence of PNS in 2017 was calculated as the ratio between 

the number of subjects living in the three provinces as of 

December 31, 2017, fulfilling criteria for classical PNS in 

any year up to 2017, and the population of the area in the 

same year. Data on the resident population were obtained 

from the Italian National Institute of Statistics (Istituto Nazi-

onale di Statistica, ISTAT) (ISTAT: https ://www.demo.istat 

.it). For analysis of temporal trends, the incidence rates in 

the study period 2015–2017 were compared with incidence 

rates in the same area during 2009–2011. Crude incidence 

rates were standardized to the Italian population, year 2011 

census (ISTAT: https ://dati-censi mento popol azion e.istat .it/

Index .aspx), and to the European standard population, year 

2013 (European Commission, 2013) by direct method. The 

purpose of direct age standardization is to allow a compari-

son between populations with possibly different age struc-

tures, by weighting their respective age-specific rates to the 

age distribution of a standard population [12]. The standard 

population must be chosen carefully, as its age profile can 

affect both the value of the age-standardized rates and the 

comparisons. In our case, we decided to calculate two sets 

for standardized rates using two different standard popula-

tions (i.e., National Italian and European) to allow a compar-

ison between our rates and those calculated from other data 

from both national and European studies, provided that the 

same standards were chosen. Mid-P exact 95% confidence 

intervals (95% CI) were calculated for incidence rates; 95% 

confidence intervals for age-adjusted rates were calculated 

using the method proposed by Keyfitz [13]. All data were 

analyzed using anonymous patient codes.

Flowsheet of the study

Figure 1 summarizes the study design and patient identifica-

tion, inclusion and exclusion. In detail, a diagnosis of sus-

pected PNS or AE ensued in 964 patients during 9 years in our 

region, all of which were tested for the presence of onconeural 

Abs at the Immunopathology Laboratory, Udine University-

Hospital. Complete clinical and paraclinical data were avail-

able for review in 889 of them. Eleven were excluded due to a 

final diagnosis of myasthenia gravis. Therefore, a total of 878 

cases were included in the analysis.

Results

During the study period (2009–2017), 89 cases of “definite” 

PNS and 128 of “possible” PNS were detected. Therefore, 

the number of patients with a final diagnosis of “definite” 

and “possible” PNS accounted for 10% and 15% of the total 

group of tested patients, respectively. It is noteworthy that 

the large majority (661, 75%) of the cases screened for the 

presence of onconeural Abs had a final alternative diagnosis. 

Among the total of patients who lacked a diagnosis of defi-

nite PNS (n = 661), the final alternative diagnoses included 

degenerative (93, 14%), autoimmune non-paraneoplastic 

(85, 13%), neoplastic, including brain tumors and carcino-

matous meningitis (30, 5%), infectious (24, 4%), toxic (22, 

3%), vasculitis (21, 3%) and metabolic disorders (18, 3%), 

and other conditions not previously specified in 368 (56%). 

The present study focused on definite PNS cases for epide-

miological and clinical analysis.

Epidemiology

The age-standardized incidence to the European standard 

population was 0.89 per 100,000 (95% CI 0.71–1.08). The 

age-standardized incidence to the standard Italian population 

was 0.92 per 100,000 (95% CI 0.73–1.11). The age-stand-

ardized rates for each age group in the entire study period 

(2009–2017) calculated using the 2013 European standard 

population (ESP) and the 2011 Italian census population are 

reported in Tables 1 and 2, respectively. The age groups with 

the highest incidence rate were 75–79 (4.67 per 100,000) 

and 70–74 years (3.57 per 100,000). 

The age-standardized rates to the ESP in the period 

2009–2011, 2012–2014, and 2015–2017 are reported in 

Supplementary Tables 1–3; they increased from the 3-year 

period 2009–2011 (0.62 per 100,000; 95% CI 0.35–0.90) to 

the period 2012–2014 (0.81 per 100,000; 95% CI 0.50–1.11) 

and 2015–2017 (1.22 per 100,000; 95% CI 0.84–1.59). 

Forty-three patients were alive at end of the study (Decem-

ber 31, 2017), when the population was 983,190 inhabitants. 

Consequently, the prevalence of PNS was 4.37 per 100,000.

Comparison of incident PNS cases and number 
of cancer diagnosis

Between 2009 and 2011, 6675 diagnoses of cancer 

were made in the three provinces of Udine, Gorizia and 
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Pordenone, according to the CRO National Cancer Insti-

tute (Centro di Riferimento Oncologico, Istituto Nazionale 

Tumori, Aviano, https ://www.cro.sanit a.fvg.it/), with a mean 

of 2225 diagnoses per year. In the first triennium of our 

study (2009–2011), we collected 20 incident cases of PNS 

in the same area. This means that we observed 30 cases of 

PNS in every 10,000 cancer diagnoses (or 1 in every 334 

malignancies).

Demographics, clinical spectrum and oncological 
associations of definite PNS

Among definite PNS cases (n = 89), median age was 68 years 

(range 26–90), 52% were women. Table  3 summarizes 

details on clinical presentation, while Table 4 shows Ab 

and oncological associations. Three classical central nerv-

ous system (CNS) syndromes accounted for 80% of all the 

neurological manifestations: limbic encephalitis (28 cases, 

31%), subacute cerebellar degeneration (25 cases, 28%) and 

paraneoplastic encephalomyelitis (18 cases, 20%). Less com-

mon presentations included: subacute sensory neuronopathy 

(4 cases), subacute/chronic sensorimotor neuropathies (3 

cases), brainstem encephalitis (3 cases), motor neuron syn-

drome, opsoclonus–myoclonus syndrome, cancer-associated 

retinopathy, stiff-person syndrome, acute sensorimotor neu-

ropathy, myasthenic syndrome, dermatomyositis, and acute 

necrotizing myopathy in one patient each.

An associated cancer developed within 5 years of the 

diagnosis of the neurological syndrome in 82 (92%). Neu-

rological symptoms manifested before the tumor diagnosis 

in 27 (33%) patients (median 4 months) and after the tumor 

diagnosis in 55 (67%) cases (median 12 months). Cancer 

associations were: lung (15, 17%), breast (14, 16%), lym-

phoma (11, 12%), gastrointestinal (10, 11%), ovary (6, 7%), 

and urinary tract (4, 4%), followed by other less common 

tumors.

Neuronal Abs were discovered in 23 (26%) of the 

patients, all of which being well-characterized onconeural 

Abs. The most common onconeural Abs included: seven 

Yo (30% of the specificities detected), six Hu (26%), five 

Ma2 (22%), two CV2 (9%), two amphiphysin (9%) and one 

Ri (4%). Patients with anti-Yo-Abs manifested a paraneo-

plastic cerebellar degeneration in six (86%) of the cases, 

and the remaining one (14%) demonstrated a subacute 

Fig. 1  Flowsheet of the study. 

Abs antibodies, PNS paraneo-

plastic neurological syndromes
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sensory neuronopathy. The associated tumors were ovary 

(43%), breast (29%) and lung (14%) cancer. Patients with 

anti-Hu-Abs showed subacute sensory neuronopathy, lim-

bic encephalitis and cerebellar syndrome in equal percent-

ages (33%). All patients with anti-Hu-Abs had an associated 

lung cancer. Ma2-Ab syndromes manifested as brainstem 

encephalitis (40%), encephalomyelitis (40%) or cerebellar 

syndrome (20%), in association with diverse type of cancers. 

Statistically significant associations were observed between 

cancer type and Ab-specificity (P < 0.001), and between neu-

rological syndrome and Ab-specificity (P < 0.001).

Overall, 72 patients (81%) underwent brain MRI (Fig. 2): 

29 patients (40%) had a normal/unremarkable exam, 10 

(14%) showed cortical–subcortical lesions on fluid attenu-

ated inversion recovery (FLAIR) sequences, 10 (14%) dem-

onstrated atrophic changes, 7 (10%) showed unilateral or 

bilateral mesial temporal lobe hypersignal and the remain-

ing 16 (22%) demonstrated heterogeneous types of abnor-

malities. Spine MRI was performed in 23 cases (26%) and 

resulted normal in 5 of them (22%), 4 patients demonstrated 

inflammatory lesions (17%), and in 2 cases with gadolinium 

enhancement. Other types of alterations were detected in 

14 cases (61%). CSF examination, performed in 56 patients 

(63%), showed inflammatory changes in 27 of them (48%), 

including pleocytosis, increased protein content, or presence 

of CSF-restricted OCBs.

Discussion

To our knowledge, this is the first study examining the 

epidemiology of PNS at a population level, showing an 

incidence that approximates 1/100,000 person-years and a 

prevalence of 4/100,000. Moreover, by analyzing the epi-

demiology trends over 9 years in a population of almost 1 

million people, we demonstrated that the incidence of PNS 

is increasing over time, probably due to enhanced awareness 

and improved detection techniques. In particular, there have 

been major changes in the recognition of these conditions 

in the last decade, including the identification of many new 

neuronal Abs [3, 14].

Our results differ greatly from both the first estimation 

made by Darnell and Posner over 15 years ago of 1 PNS 

in every 10,000 patients with cancer, and the conclusions 

of 0.2–0.3/100,000 person-years made from large studies 

focused on PNS that were not designed for epidemiological 

Table 1  Age-standardized rates 

per 100,000 population for all 

ages using the 2013 European 

Standard Population (ESP)

The age-standardized rate per 100,000 population (all ages) is: 0.89 (95% CI 0.71–1.08)

PNS paraneoplastic syndromes

Age group ESP PNS Cases 

(2009–2017)

Population 

(2009–2017)

Age-specific rates Expected 

cases in 

ESP

< 1 1000 0 71,170 0.00 0.00

1–4 4000 0 302,611 0.00 0.00

5–9 5500 0 389,338 0.00 0.00

10–14 5500 0 379,671 0.00 0.00

15–19 5500 0 369,971 0.00 0.00

20–24 6000 0 386,933 0.00 0.00

25–29 6000 2 442,504 0.45 0.03

30–34 6500 0 538,481 0.00 0.00

35–39 7000 0 653,402 0.00 0.00

40–44 7000 3 729,288 0.41 0.03

45–49 7000 1 730,799 0.14 0.01

50–54 7000 3 659,283 0.46 0.03

55–59 6500 9 589,836 1.53 0.10

60–64 6000 12 582,892 2.06 0.12

65–69 5500 17 562,095 3.02 0.17

70–74 5000 18 504,617 3.57 0.18

75–79 4000 19 406,999 4.67 0.19

80–84 2500 2 304,224 0.66 0.02

85–89 1500 2 206,946 0.97 0.01

90–94 800 1 84,345 1.19 0.01

95+ 200 0 25,167 0.00 0.00

Total 100,000 89 8,920,572 19.11 0.89
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purposes [1, 15, 16]. According to our data, PNS develop in 

1 in every 334 cancers, being 30 times more frequent than 

previously expected. The comparison between the estima-

tion made by Darnell and Posner and ours (in which the 

denominator is represented by number of patients with can-

cer and number of cancer diagnoses, respectively) is limited 

by the possibility of multiple cancer diagnoses in the same 

patient. However, the latter eventuality is expected to be rare 

(1–16% of cancers) [17]. On the other hand, the opposite 

scenario (multiple PNS in the same patient) is also possible 

[18]. Despite this limitation, we believe that it is impor-

tant to provide an approximation which can be useful for 

health-care planning and allocation of adequate resources. 

To understand the magnitude of this condition, it should be 

considered that the incidence of PNS approximates that of 

infectious encephalitis [19] and is similar to that of amyo-

trophic lateral sclerosis in low incidence regions [20, 21].

Several steps were adopted to provide an accurate esti-

mation in our results. First, international criteria were 

used for diagnostic classification of the patients. Second, 

only patients with definite PNS were included for the cal-

culation of incidence. Third, samples from patients with 

suspected PNS in which the laboratory results were inde-

terminate were sent to an external, independent laboratory 

focused on the diagnosis of PNS (the French Reference 

Center for PNS and AE). Moreover, the population of the 

Friuli Venezia-Giulia Region is excellent for epidemio-

logical studies, since all the diagnostic testing of PNS is 

performed in a single institution, which is the Udine Uni-

versity Hospital. Therefore, we were able to provide a reli-

able estimate of the epidemiology of PNS in our region.

The present study also yields relevant insights into 

the clinical and oncological features of a large cohort of 

patients with PNS:

1. In agreement with previous studies [6, 15, 16, 19, 22], 

we confirmed that limbic encephalitis, paraneoplastic 

cerebellar degeneration and encephalomyelitis are fre-

quent PNS that have a characteristic Ab and oncological 

spectrum.

2. Overall, lung and breast cancers were the most frequent 

associated tumors and anti-Yo and anti-Hu the common-

est Ab specificities detected. The distinctive manifesta-

tions observed in the Ma2-associated PNS, together with 

the possibility of contrast-enhancing inflammatory brain 

lesions, are in line with the previous descriptions of this 

disease [23–26].

Table 2  Age-standardized rates 

per 100,000 population for all 

ages using the 2011 Italian 

census population (ICP)

The age-standardized rate per 100,000 population (all ages) is: 0.92 (95% CI 0.73–1.11)

Age group ICP PNS Cases 

(2009–2017)

Population 

(2009–2017)

Age-specific rates Expected 

cases in 

ICP

< 1 532,995 0 71,170 0.00 0.0

1–4 2,216,933 0 302,611 0.00 0.0

5–9 2,781,095 0 389,338 0.00 0.0

10–14 2,795,020 0 379,671 0.00 0.0

15–19 2,869,465 0 369,971 0.00 0.0

20–24 3,052,349 0 386,933 0.00 0.0

25–29 3,275,542 2 442,504 0.45 14.8

30–34 3,781,373 0 538,481 0.00 0.0

35–39 4,564,166 0 653,402 0.00 0.0

40–44 4,795,585 3 729,288 0.41 19.7

45–49 4,772,283 1 730,799 0.14 6.5

50–54 4,146,295 3 659,283 0.46 18.9

55–59 3,725,539 9 589,836 1.53 56.8

60–64 3,740,132 12 582,892 2.06 77.0

65–69 3,120,029 17 562,095 3.02 94.4

70–74 3,112,530 18 504,617 3.57 111.0

75–79 2,516,448 19 406,999 4.67 117.5

80–84 1,944,820 2 304,224 0.66 12.8

85–89 1,172,992 2 206,946 0.97 11.3

90–94 391,106 1 84,345 1.19 4.6

95+ 127,047 0 25,167 0.00 0.0

Total 59,433,744 89 8,920,572 19.11 545.4
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3. None of the patients harboring neuronal surface Abs 

in our study had a paraneoplastic etiology. This is in 

agreement with the low proportion of cancer in patients 

harboring LGI1 and CASPR2 Abs described in the 

literature [3]. On the contrary, well-known oncologic 

associations exist for patients with NMDAR, AMPAR, 

and  GABAB-R Abs [3, 4, 27], but no patients with 

these antibodies and cancer were found in this study. 

This could reflect the small sample size of the present 

cohort. Nevertheless, we recommend screening for the 

presence of an underlying cancer also in those patients 

with neuronal surface Abs. When a tumor is eventually 

found, its treatment could lead to a major impact on the 

patient’s outcome [28].

4. In contrast to previous studies [22], we observed a lower 

proportion of subacute sensory neuronopathy cases. This 

is probably due to the fact that patients who developed 

a sensory ganglionopathy in association with other 

symptoms/signs of CNS/PNS involvement (e.g., limbic 

encephalitis, myelitis, intestinal pseudo-obstruction) 

were not computed as sensory neuronopathy, but instead 

diagnosed as encephalomyelitis cases, as recommended 

in [6], to underline the clinical dysfunction at multiple 

levels of the neuroaxis. Since sensory complaints are 

relatively common in oncological patients, it is also pos-

sible that a proportion of the paraneoplastic cases was 

misdiagnosed as iatrogenic (e.g., due to cisplatin toxic-

ity in patients with lung cancer) [29], without further 

onconeural Ab-testing.

5. The adoption of clinical criteria (the Graus criteria) [6] 

for PNS that do not require Ab-positivity as a necessary 

feature could explain the high proportion of seronega-

tive patients in our series. We consider this as a major 

strength of our study, since the identification of patients 

with PNS even in the absence of an associated known 

biomarker permits to promptly start an immunotherapy 

and to search for an underlying cancer, with obvious 

repercussions on patient’s outcome, and is also impor-

tant for research purposes. Similarly, in a recent work on 

the epidemiology of encephalitis, the authors adopted 

clinical criteria for AE, finding a substantial propor-

Table 3  Clinical and demographic characteristics of patients with 

definite PNS according to the Graus criteria

Clinical characteristics Definite PNS 

(total n = 89)

n (%)

Female 46 (51.7)

Median age, years (range) 68 (26–90)

PNS type

 Classic 78 (87.6)

 Non-classic 11 (12.4)

Involved neurological system

 Central 78 (87.6)

  Encephalomyelitis 18 (20.2)

  Limbic encephalitis 28 (31.5)

  Brainstem encephalitis 3 (3.4)

  Subacute cerebellar degeneration 25 (28.1)

  Opsoclonus–myoclonus syndrome 1 (1.1)

  Optic neuritis 0

  Cancer-associated retinopathy 1 (1.1)

  Melanoma-associated retinopathy 0

  Stiff person syndrome 1 (1.1)

  Necrotizing myelopathy 0

  Motor neuron disease 1 (1.1)

 Peripheral 8 (9.0)

  Subacute sensory neuronopathy 4 (4.5)

  Acute s–m neuropathy 1 (1.1)

  Subacute/chronic s–m neuropathy 3 (3.4)

  Neuropathy with vasculitis 0

  Autonomic neuropathy 0

 NMJ/muscle 3 (3.4)

  Myasthenic syndrome 1 (1.1)

  Acquired neuromyotonia 0

  Dermatomyositis 1 (1.1)

  Acute necrotizing myopathy 1 (1.1)

Table 4  Oncological and antibody associations

Feature Definite PNS 

(total n = 89)

n (%)

Presence of neoplasm 82 (92.1)

 Lung 15 (16.9)

 Breast 14 (15.7)

 Ovary 6 (6.7)

 Testis 0

 Urinary system 4 (4.5)

 Gastrointestinal system 10 (11.2)

 Thyroid 1 (1.1)

 Lymphoma 11 (12.4)

 Leukemia 2 (2.2)

 Thymoma 1 (1.1)

 Liver 2 (2.2)

 Pancreas 2 (2.2)

 Other 14 (15.7)

Presence of antibodies 23 (25.8)

 Well characterized 23 (100)

  Ma2 5 (21.7)

  Yo 7 (30.4)

  Hu 6 (26.1)

  Ri 1 (4.3)

  Amphiphysin 2 (8.7)

  CV2 2 (8.7)
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tion of seronegative cases, and some tested positive for 

unknown Abs [19]. The high frequency of classical syn-

dromes (known to be typical for PNS) and the strong 

association with cancer in the definite PNS group are 

important arguments to support the validity of the Graus 

criteria in our study and the reliability of the data pre-

sented herein.

6. We observed that the majority of the patients developed 

their PNS after the diagnosis of cancer, while in the lit-

erature it is known that usually the neurological mani-

festations precede or lead to the discovery of a malignant 

tumor. This could reflect the fact that the commonest 

Ab-specificity detected in our series was anti-Yo, and 

anti-Yo-associated PNS is known to manifest after the 

onset of cancer in most cases [30, 31]. Alternatively, the 

efficacy of cancer screening programs in our region, in 

particular of breast cancer using mammography, could 

have influenced the rate of malignancy detected before 

the onset of neurological symptoms. In particular, the 

total detection rate of breast cancer at first mammogra-

phy in our region was 8.2 per 1000 patients screened, the 

highest value in all Italy [32]. A third possibility is that 

the delay in diagnosing a PNS is greater in our region 

compared to the international reference centers on PNS 

where most of the other studies were conducted [22].

7. Finally, we noticed that the vast majority of patients 

tested for onconeural Abs had a negative test result, and 

a final alternative (neurodegenerative, autoimmune, 

Fig. 2  Brain magnetic resonance imaging and positron emission 

tomography features. a Brain and cervical spine magnetic resonance 

imaging (MRI) features of a case of Ma2-associated paraneoplastic 

encephalomyelitis. Note the mesial temporal lobe (MTL) contrast 

enhancement on T1-post-gadolinium sequence (coronal section) and 

the hyperintensity on T2-weighted imaging consistent with cervical 

myelitis (sagittal section). b Prominent cerebellar (vermian) atrophy 

in a case of anti-Yo paraneoplastic cerebellar degeneration. c Bilat-

eral MTLs hyperintensity in a case of limbic encephalitis. d, e Brain 

fluorodeoxyglucose positron emission tomography (PET) in a case 

of seronegative encephalitis associated with thymoma, demonstrat-

ing pathologic uptake in the right temporal region. f Brain MRI in 

the same patient showing multiple, cortical–subcortical, hyperinten-

sities on fluid-attenuated inversion recovery (FLAIR) sequence. A 

similar pattern is reported in  GABAAR-Ab encephalitis, but testing 

for this Ab-specificity using in-house cell-based assay was negative 

at the French Reference Center for PNS and AE in Lyon, France. This 

patient was previously reported by our group [28]
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infectious, toxic or metabolic) diagnosis. The differen-

tial diagnosis spectrum of PNS was never examined in 

depth in a large number of patients, as in this study, and 

it includes several treatable disorders (e.g., Wernicke 

encephalopathy) [33].

Focused formation on the topic of PNS is prob-

ably needed to improve the diagnostic performance of 

neurologists.

This study has several limitations. First, the retro-

spective study design accounted for the fact that in some 

patients, Ab-testing was performed only in serum, and 

not in CSF. Secondly, some new antibody specificities 

were discovered only in the final stages of the present 

study (including AK5 [34],  GABAAR [35], IgLON5 [36], 

DPPX [37] and KLHL11 [38]). These two aspects com-

bined could have influenced the proportion of Ab-negative 

cases observed herein. Although we cannot completely 

rule out the possibility of an underestimation of our epide-

miological data resulting from patients resident in the area 

of interest being followed in another region, we consider 

this event highly unlikely. First, no other center with avail-

able neuro-immunology laboratory exists within 100 km 

radius of the borders of our region. Second, we were able 

to include patients who have looked for a second opin-

ion outside the region by using the discharge diagnosis of 

the first admission within the area. On the contrary, the 

possibility of an overestimation of the results was ruled 

out by including only patients residing in the census area 

of the three provinces of interest. The strengths of our 

study are the multisource system of case ascertainment, 

which allowed us to have a cross-check confirmation of 

cases through different lists, and the availability of a single 

regional laboratory for Abs testing.

In conclusion, this first population-based study found an 

incidence of PNS that approximates 1/100,000 person-years, 

a prevalence of 4/100,000 and the detection of PNS increas-

ing over time. Physicians need to be aware of the complex 

clinical and oncological spectrum of these rare diseases, 

to perform an early diagnosis and search for an associated 

cancer.
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Abstract
Objective
To determine the observed and expected incidence rates of paraneoplastic neurologic syn-
dromes (PNSs) and autoimmune encephalitides (AEs) diagnosed in France between 2016 and
2018, we conducted a population-based epidemiologic study.

Methods
Observed incidence rates were stratified by sex, age groups, region of care, year of diagnosis, and
disease subgroups. National expected incidence rates were calculated based on rates obtained in
the area directly adjacent to the Reference Center using a mixed Poisson model and compared
with observed incidence rates.

Results
Six hundred thirty-two patients with definite PNS or AE met the inclusion criteria. The
observed incidence rate of definite PNS and AE in France was 3.2 per million person-years
(CI95%: 2.9–3.4) compared with an expected incidence rate of 7.1 per million person-years
(CI95%: 3.9–11.4). The national observed incidence rate for the antibody-positive AE subgroup
increased from 1.4 per million person-years (CI95%: 1.2–1.7) in 2016 to 2.1 per million person-
years (CI95%: 1.7–2.4) in 2018, thus surpassing the incidence rate of classical PNS (1.2 per
million person-years [CI95%: 1.0–1.5]) of 2018.

Conclusions
There was a significant widespread year-to-year increase in the incidence of diagnoses regis-
tered with the Reference Center for all subgroups of PNS and AE studied. The national
observed incidence rate is likely underestimated due to underdiagnosis and underreporting.
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2-Mazarin et Université Pierre etMarie Curie-Paris 6, Centre de Recherche de l’Institut du Cerveau et de laMoelle Epinière (CRICM), UMRS, Paris, France; InsermU975 (D.P., G.B.), CNRS,
UMR, Paris, France; and Centre de Compétence des SyndromesNeurologiques Paraneoplasiques et Encéphalites Autoimmunes (D.P., G.B.), GroupeHospitalier Pitié-Salpêtrière, Paris,
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Paraneoplastic neurologic syndromes (PNSs) and autoim-
mune encephalitides (AEs) are neuroimmune disorders that
are both characterized by the presence of autoantibodies that
target the nervous system.1,2 Even if PNSs and AE appear to
be rare, their recognition is essential because immunomodu-
latory treatments have been associated with marked im-
provements and even resolution of symptoms in a significant
proportion of cases.3–6 Despite their associated human3 and
economic costs,7 these neuroimmune disorders have seldom
been the subject of epidemiologic studies. The annual in-
cidence per million person-years has been estimated at 8.9 for
PNS in Northeastern Italy,8 5 for antibody-positive AE in
Olmsted County, MN,9 0.83 for leucine-rich glioma inacti-
vated 1 (LGI1) encephalitis in the Netherlands,10 and 0.9 to
2.2 for pediatric N-methyl-D-aspartic acid (NMDAr) en-
cephalitis in the United Kingdom and Hong Kong.11,12 All of
these studies have reported year-to-year increases in incidence
in a context of increased diagnostic abilities and improved
recognition of clinical syndromes.9,11,12

The main objective of this study was to measure the incidence
of PNS and AE and their subgroups registered with the
French National Reference Center between 2016 and 2018
inclusively. The secondary objectives were to evaluate the
regional heterogeneity in incidence of declaration and quan-
tify underreporting by providing an expected incidence rate
based on the predicted rates calculated for the area sur-
rounding the Reference Center.

Methods
Population and patients
France has a population of 66,992,699 inhabitants (source:
Institut national de la statistique et des études économique
[INSEE] January 1, 2019). The French National Reference
Center for PNS and AE is located in Lyon, the second most
populous metropolitan area of France. The Reference Center
directly cares for patients diagnosed with PNS and AE in the
surrounding Rhône-Ain-Isère region (3,798,135 inhabitants
on January 1, 2019). In addition to clinical care, this center
provides countrywide guidance via telemedicine and anti-
body testing for suspected cases of PNS or AE. Although it is
conceivable that patients be diagnosed locally with commer-
cially available diagnostic panels (thus bypassing reporting to
the reference center), the share of such underreporting was
felt to be small and was mitigated by agreements between the
Reference Center and private providers of autoimmune test-
ing for reporting antibody-positive cases. Clinical information
on patients referred to the center or obtained through our
partners was collected and kept in a database onsite.

Cases from the Reference Center database diagnosed in France
between January 1, 2016, and December 31, 2018, that met the
following criteria were included: (1) definite AE,2 except for
patients with negative or atypical antibody testing, or (2) definite
PNS,1 excluding cases of dermatomyositis, Lambert-Eaton my-
asthenic syndrome (LEMS), or with antibodies targeting P/Q-
type voltage-gated calcium channel antibodies, SOX1, myelin
oligodendrocyte glycoprotein, or aquaporin 4. Atypical antibody
testing was defined as positive immunofluorescence with neu-
ronal staining without target identification. Also excluded were all
cases with missing biospecimens or missing information on lo-
cation of care (figure e-1, links.lww.com/NXI/A308). Antibody
positivity was confirmed using at least 2 different techniques
(i.e., tissue-based immunofluorescence and cell-based assay or
Western blot/immunodot) according to the antibody type.13

Both serum andCSFwere tested whenever available. For specific
antibodies (e.g., GAD65), other additional techniques (ELISA)
were adopted, using serum titers >250 IU/mL as a cutoff.14

Diagnostic classification
The cases included in this study were collectively referred to as
definite PNS and AE—further emphasizing the exclusion of
patients with negative/atypical antibody testing without an
associated cancer. We used the following classification for
subgroup analysis: (A) the PNS subgroup included patients
who had a neurologic syndrome associated with a malignant
tumor (including malignant thymoma but excluding teratoma)
or who tested positive for a classic onconeural antibody
(namely, anti-amphiphysin, -CV2/CRMP5, -Delta/Notch-like
epidermal growth factor-related receptor, -Hu [ANNA1], -Ri
[ANNA2], -Yo [PCA1], or -Ma2 antibody)1; (B) the classical
PNS subgroup included only patients who tested positive for
one of the aforementioned typical onconeural antibodies; (C)
the antibody-positive AE subgroup included patients with
an antibody typically associated with AE (anti-AK5, -alpha-
amino-3-hydroxyl-5-methyl-4-isoxazolepropionic acid receptor
[AMPAr], -CASPR2, -dipeptidyl-peptidase-like protein 6,
-LGI1, -D2R, -gamma aminobutyric acid-A receptor, -gamma
aminobutyric acid-B receptor, -glycine receptor, -immuno-
globulin-like cell adhesion molecule 5, -glutamic acid decar-
boxylase, -glial fibrillary acidic protein, -LGI1, -mGluR1,
-mGluR5, or -NMDAr antibodies15,16) and having 2 of the 3
following criteria2: (1) subacute encephalopathy; (2) MRI with
bitemporal T2 fluid attenuated inversion recovery abnormali-
ties; and (3) CSF pleocytosis or EEG with epileptic or slow-
wave activity involving the temporal lobes; and (D), (E), and
(F) subgroups included patients who tested positive for, re-
spectively, anti-NMDAr, -LGI1, and -Hu antibodies. Patients
who tested positive for an AE antibody andwere diagnosed with
a concomitant cancer were referred to as paraneoplastic AE and
were included concurrently into the PNS and antibody-positive

Glossary
AE = autoimmune encephalitides; CRC = colorectal cancer; LEMS = Lambert-Eaton myasthenic syndrome; PNS =
paraneoplastic neurologic syndrome; SCLC = small-cell lung cancer.
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AE subgroups. All cancer diagnoses included occurred within 5
years of symptom onset for classical PNS and 2 years for other
PNS.1 For patients testing positive to more than 1 onconeural
antibody, the antibody the most consistent with their clinical
presentation was assigned.

Patients’ characteristics
For patients included in the study, the following characteristics
were extracted from the database: age, sex, associated neo-
plasm, region of care, year of diagnosis, and results of antibody
panel testing. We then described these characteristics for each
subgroup—using absolute and relative frequency for qualita-
tive characteristics, and median and range for quantitative
characteristics. We described the distribution of cases using sex-
age pyramids. Testing for all aforementioned antibodies was
available throughout the study period, except for glial fibrillary
acidic protein, which became available in 2017.

Estimate and modeling of incidence rates
We stratified the cases and corresponding population strata by
sex, age group, region of care, and year of diagnosis. We then
calculated the person-years spent at risk—the average size of
the population estimated between January 1st of that year and
the following year17—in each stratum using population data
from the INSEE. We used the region of care as a surrogate for
region of residence. Because all regions of France, with the
exception of Corse, can count on at least 1 tertiary care center
within their borders, the tendency for patients to seek care
outside of their region of residence was felt to be minimal. We
tested the soundness of this premise for the Rhône-Ain-Isère
region—which was assumed to have the highest rate of non-
resident diagnosis due to the location of the national reference
center within its walls—and we found that only 12% of the
patients diagnosed within the Rhône-Ain-Isère region were
nonresidents. We estimated crude incidence rates by sex, age
group, region, year of diagnosis, and for the entire French
population over the period 2016–2018 with 95% CIs built
using an exact method based on a Poisson distribution.

We used log-linear mixed models to model the case count
according to sex and age groups.We put a random intercept on
the variable region, specified an age-sex interaction as fixed
effect, and used the logarithm of the number of person-years as
an offset.18 To account for nonlinearity, we modeled the age
effect using a cubic spline with 3 knots.19We used the predicted
relative incidence rates for the regions to quantify the in-
terregional heterogeneity of the incidence rate taking into ac-
count the heterogeneity due to sample size variability and
adjusting for sex and age. These predicted relative incidence
rates corresponded to the exponential of the best linear un-
biased predictors of the mixed models and were relative to the
mean incidence rate. We used maps to represent the national
distribution of the relative incidence rates.

We also used a model with year of diagnosis specified as fixed
and random effect to investigate the effect of the variable year
of diagnosis on the incidence rates.

Expected number of cases and incidence rates
in France
We considered the Rhône-Ain-Isère region the reference area
in terms of completeness of case declaration because of its
proximity to the Reference Center. We estimated the expec-
ted number of cases of definite PNS and AE over the period
2016–2018 by applying the predicted incidence rates
obtained from the mixed model for the reference area to the
person-years of each stratum of the French population. We
aggregated that the expected numbers of cases were by sex, 4
age groups (0–19, 20–39, 40–59, and ≥60 years), and the
entire French population. The expected incidence rates cor-
responded to the ratio of the expected number of cases to the
number of person-years. We obtained 95% CIs for the
expected numbers of cases and incidence rates using a bias-
corrected and accelerated bootstrap method.

We conducted all statistical analyses with R version 3.6.0 (R
Core Team, Vienna, 2019), using the glmmPQL function in
package NLME18 for the mixed Poisson models. The pack-
ages ggplot2,20 rgdal,21 and broom22 were used for mapping
the relative incidence rates.

Standard protocol approvals, registrations,
and patient consents
The Ethics Review Board of the Hospices Civils de Lyon
(19–85) approved this study, which is registered with Clin-
icalTrials.gov (No. NCT03957616). The French Commission
nationale de l’informatique et des libertés also approved the
study for data collection (Commission nationale de l'informa-
tique et des libertés [CNIL] authorization number: 19–147).

Data availability
Anonymized data will be shared by request from any qualified
investigator for purposes of replicating procedures and results.

Results
Definite PNS and AE
Among 13,442 referred cases, 632 patients had a diagnosis of
definite PNS or AE: 175/3,376 (5.1%) in 2016, 218/4,445
(5.0%) in 2017, and 239/5,621 (4.3%) in 2018. The distri-
bution of cases showed a bimodal age distribution with a first
peak at ages 15–19 years (predominantly female patients
with antibody-positive AE) and a second higher peak at ages
65–69 years (high proportion of males, predominantly PNS
cases) (figure 1A). As hypothesized, the most commonly
identified antibodies were anti-NMDAr, followed by anti-
LGI1, and anti-Hu (table 1; figure e-2, links.lww.com/NXI/
A309). The proportion of females among Yo-, NMDAr-, and
glutamic acid decarboxylase-positive patients was signifi-
cantly above 50%, whereas it was below 50% among LGI1-,
Ma2-, and CASPR2-positive patients (figure 2). Fifteen
(2%) patients tested positive for 2 antibodies: 9 had dual
antibodies against CV2 and Hu, 5 against LGI1 and
CASPR2, and 1 against CV2 and Yo.
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Among the patients with definite PNS or AE diagnosis, 243
(38.4%) had an associated diagnosis of cancer. In descending
order, these cancers were lung cancer (59/243, 24%, small-
cell lung cancers [SCLCs], and 47/243, 19%, non–small-cell
lung cancers), gynecologic cancers (34/243, 14%), breast
cancer (29/243, 12%), malignant thymoma (15/243, 6%),
lymphoma (13/243, 5%), renal cell carcinoma (11/243,
5%), and prostate cancer (10/243, 4%). Less than 10 cases
were found for each of leukemia, colorectal cancer (CRC),
testicular, thyroid, skin, neuroendocrine, pancreatic, liver,
head and neck, and bladder cancers.

The crude incidence rates of definite PNS or AE were 3.2 per
million person-years (CI95%: 2.9–3.4; the incidence rates for the
different subgroups are shown in table 2). For all subgroups, a
yearly increase in crude incidence rates was observed. The highest
crude incidence rates were seen in overseas regions ofMartinique
and Guadeloupe, followed by the Rhône-Ain-Isère region (table
e-1, links.lww.com/NXI/A310). After modeling of incidence
rates, significant regional heterogeneity remained (interregional
SD = 0.26, figure 3). The Rhône-Ain-Isère region (site of the

National Reference Center) had the highest predicted relative
incidence rate (i.e., 2 times themean rate), followed by Aquitaine
(1.3x) and Martinique and Guadeloupe (1.2x). The mean in-
cidence rate increased significantly with the year of diagnosis
(relative year-on-year incidence rate = 1.20x, CI95% = 1.18–1.22).

Expected numbers of cases and incidence rates
We estimated the crude incidence rate of definite PNS and AE
in the Rhône-Ain-Isère region at 7.5 per million person-years
(CI95%: 6.0–9.3). We estimated the expected number of cases
in France at 1,411 (CI95%: 774–2,272) and the national in-
cidence rate of definite PNS and AE at 7.1 per million person-
years (CI95%: 3.9–11.4). We estimated the expected national
rate of definite PNS and AE per million person-years among
females at 7.7 (CI95%: 2.3–10.1) and 6.4 amongmales (CI95%:
2.6–11.9). Looking at age groups, we estimated the expected
national incidence rates per million person-years at 2.5
(CI95%: 0.9–5.6) in the 0–19 age group, 3.1 (CI95%: 1.2–6.7)
in the 20–39 age group, 8.3 (CI95%: 3.4–16.7) in the 40–59
age group, and 13.9 (CI95%: 5.5–28.9) in patients older than
60 years.

Figure 1 Sex-age pyramids by subgroup

(A) Definite paraneoplastic neurologic syndromes and autoimmune encephalitides. (B) Paraneoplastic neurologic syndromes. (C) NMDAr-positive patients.
(D). LGI1-positive patients.
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Paraneoplastic neurologic syndromes
Of the 317 patients diagnosed with PNS, 195met the criteria for
classical PNS, and 82 had atypical/negative testing for antibodies
with associated cancers. Forty patients were diagnosed with
paraneoplastic AE (figure e-1, links.lww.com/NXI/A308). The
proportion of female patients within the PNS subgroup—
slightly above 50%—remained relatively constant throughout all
age groups (figure 1B). The most commonly diagnosed tumor
types were lung cancer (32% of all cancer cases), gynecologic
cancer (15%), and breast cancer (14%).

The 70–74 age group had the highest crude incidence rate of
PNS: 5.7 per million person-years (CI95%: 4.3–7.6), whereas no
cases were recorded in the 5–9 age group (CI95%: 0.0–0.3 per
million person-years). After modeling of incidence rates, the
incidence of PNS showed a significant heterogeneity between
regions (SD of the distribution of the random intercept = 0.35).

The antibodies detected in the classical PNS subgroup were Hu
(84/195, 43%), Yo (37/195, 19%),CV2/CRMP5 (31/185, 15%),

Ma2 (19/195, 9%), Delta/Notch-like epidermal growth factor-
related receptor (12/195, 6%), Ri (11/195, 5%), and amphiphysin
(5/195, 2%). The median age of the patients with classical PNS
was 66.1 years (range: 0–93 years). Of the 84Hu-positive cases, 43
(52%) were female, and their median age was 66.5 years (range:
41–93 years), near the median age of the overall PNS subgroup.
Cancer was present in 62 patients (74%) of the Hu-positive sub-
group: 34 SCLC, 20 NSCL, 2 prostate cancers, 1 breast cancer, 1
CRC, 1 bladder cancer, and 1 uterine cancer.

Antibody-positive autoimmune encephalitis
Within the antibody-positive AE subgroup, the sex distribu-
tion differed markedly according to age: while a female pre-
dominance was noted in patients younger than 50 years, males
were more commonly diagnosed in patients older than 50
years. Of the 40 patients with paraneoplastic AE (11.3% of the
total antibody-positive subgroup; table 1), there were 11 with
gamma aminobutyric acid-B receptor, 11 with anti-LGI1, and
9 with CASPR2 antibodies. Compared with overall antibody-
positive AE cases, patients with paraneoplastic AE were older

Table 1 Patients’ characteristics

Characteristic Definite PNS and AE PNS Antibody-positive AE

All patients, n (%) 632 317 355

Female patients, n (%) 357 (56.5) 171 (53.9) 202 (56.9)

Age, median (range) 62.1 (0–94) 65.9 (0–93) 54.9 (0–94)

Associated cancers, n (%)a 243 (38.5) 243 (77%) 40 (11.3)

Antibodies, n (%)

Anti-NMDAr 106 (16.7) 1 (0.3) 106 (33.0)

Anti-LGI1 85 (13.3) 11 (3.4) 85 (26.5)

Anti-Hu 84 (13.2) 84 (26.2) 0 (0.0)

Negative/atypical 78 (12.3) 78 (24.3) 0 (0.0)

Anti-GAD 71 (11.2) 4 (1.2) 71 (2.2)

Anti-Yo 37 (5.9) 37 (11.7) 0 (0.0)

Anti-CASPR2 37 (5.8) 9 (2.8) 37 (11.5)

Anti-CV2 31 (4.9) 31 (9.7) 0 (0.0)

Anti-GFAP 21 (3.3) 1 (0.6) 21 (6.5)

Anti-Ma2 19 (3.0) 19 (5.9) 0 (0.0)

Anti-GABAbR 18 (2.8) 10 (5.6) 18 (5.6)

Anti-DNER 12 (1.9) 12 (3.7) 0 (0.0)

Anti-Ri 11 (1.7) 11 (3.4) 0 (0.0)

Others 22 (3.5)b 9 (2.5)c 16 (5.0)d

Abbreviations: AE = autoimmune encephalitis; DNER = Delta/Notch-like epidermal growth factor-related receptor; GABAbR = gamma aminobutyric acid-B
receptor; GAD = glutamic acid decarboxylase; GFAP = glial fibrillary acidic protein; LGI1 = leucine-rich glioma inactivated 1; NMDAr =N-methyl-D-aspartic acid;
PNS = paraneoplastic neurologic syndrome.
a Excluding 22 cases of teratomas.
b AK5: 3; AMPAr: 4; amphiphysin: 5; IgLON5: 3; mGluR1: 3; mGluR5: 1; GlyR: 1; GABAa: 1; and D2R: 1.
c AMPAR: 2; amphiphysin: 5; IgLON5: 1; and mGlur5: 1.
d AK5: 3; AMPAr: 4; GABAa: 1; GlyR: 1; IgLON5: 3; mGluR1: 3; and mGluR5: 1.
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(median age: 64.8 vs 54.9 years; p < 0.001) and less likely to be
female (40% vs 57%; p = 0.03). The incidence rate of
antibody-positive AE again showed significant interregional
heterogeneity (SD of the distribution of random intercept
= 0.32).

The median age of the NMDAr subgroup was 22.3 years
(range: 0–80 years; figure 1C), significantly lower than the
median age of the whole antibody-positive AE subgroup (vs
54.9 years; p < 0.005). In this subgroup, 79% were females,
which is also significantly higher than the percentage in the
whole antibody-positive AE subgroup (57%; p < 0.005).
Twenty-one cases (20%) had teratoma, and 1 had Hodgkin
lymphoma.

The LGI1-positive patients were older (median age: 67.4 vs
54.9 years; range: 33–86, p < 0.001; figure 1D) and more
likely to be males (males = 40% vs 57%; p = 0.005) than the
whole antibody-positive AE subgroup. Only 11 cases of
cancer (13%) were found in these patients (6 malignant
thymomas, 3 prostate cancer, 1 breast cancer, and 1 lung
cancer).

Discussion
We report on the epidemiologic features of PNS and AE
diagnosed on the French territory and registered with the
French National Reference Center between 2016 and 2018.
Despite widespread advances made in the recognition and
referral of these disorders, the discrepancy between the high
incidence rates observed in the immediate vicinity of the
Reference Center and the rest of France suggests that

underdiagnosis and underreporting still exist and highlights
the need for uniform diagnostic procedures on a national
scale. The regional heterogeneity in reported incidence rates
may be partially explained by a combination of region-
dependent underrecognition of these disorders, varying ex-
haustiveness in reporting, border effects with some university
health centers located close to regional borders, and differ-
ences in referral patterns. Differences in regional racial com-
position are also a potential factor of heterogeneity: we indeed
found higher crude incidence rates of definite PNS and AE in
Martinique and Guadeloupe, regions with high proportions of
inhabitants with African ancestry. This is akin to results by
Dubey et al.9 who reported higher incidence rates of AE
among Blacks in Olmsted County, MN. Finally, the contri-
bution of geographic factors to regional incidence heteroge-
neity was felt to be minimal given the absence of clear regional
clustering (figure 3).

The crude incidence rates of antibody-positive AE (3.6 per
million person-years) and PNS (4.1 per million person-years)
in Rhône-Ain-Isère region were lower than rates found in,
respectively, Olmsted County (5.0 per million person-years)9

and Northeastern Italy (8.9 per million person-years).8 These
differences more likely reflect the increased challenge of
achieving exhaustiveness in larger populations rather than
true differences in incidence. Even when considering the area
to the Rhone-Ain-Isère region only, the population at risk was
3,798,135 vs 155,285 for Olmsted County and 983,190 for
Northeastern Italy.8,9 Another potential cause of this lower
incidence rate is the exclusion of patients with certain PNS
(dermatomyositis and LEMS) and those harboring antibodies
targeting P/Q-type voltage-gated calcium channel antibodies,
SOX1, myelin oligodendrocyte glycoprotein, or aquaporin 4.

Figure 2 Proportion of females by antibody type
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Table 2 Incidence rates of PNS and AE in France and Rhône-Ain-Isère region, 2016 to 2018

Subgroup and period

Whole France Rhône-Ain-Isère region

Cases, n Crude incidencea (95% CI) Cases, n Crude incidenceb (95% CI)

Definite PNS and AE

2016 175 2.6 (2.3–3.1)

2017 218 3.3 (2.9–3.7)

2018 239 3.6 (3.1–4.1)

2016–2018 632 3.2 (2.9–3.4) 85 7.5 (6.0–9.3)

PNS

2016 94 1.4 (1.1–1.7)

2017 114 1.7 (1.4–2.0)

2018 113 1.7 (1.4–2.0)

2016–2018 317 1.6 (1.4–1.8) 46 4.1 (3.0–5.4)

Antibody-positive AE

2016 95 1.4 (1.2–1.7)

2017 121 1.8 (1.5–2.2)

2018 139 2.1 (1.7–2.4)

2016–2018 355 1.8 (1.6–2.0) 41 3.6 (2.6–4.9)

Classical PNS

2016 52 0.8 (0.6–1.0)

2017 68 1.0 (0.8–1.2)

2018 82 1.2 (1.0–1.5)

2016–2018 199 1.0 (0.9–1.1) 19 1.7 (1.0–2.6)

Hu

2016 21 0.3 (0.2–0.5)

2017 31 0.5 (0.3–0.7)

2018 31 0.5 (0.3–0.7)

2016–2018 83 0.4 (0.3–0.5) 11 1.0 (0.5–1.7)

NMDAr

2016 28 0.4 (0.3–0.6)

2017 35 0.5 (0.4–0.7)

2018 43 0.6 (0.5–0.9)

2016–2018 106 0.5 (0.4–0.6) 10 0.9 (0.4–1.6)

LGI1

2016 24 0.3 (0.2–0.5)

2017 23 0.4 (0.2–0.5)

2018 38 0.6 (0.4–0.8)

2016–2018 85 0.4 (0.3–0.5) 7 0.6 (0.2–1.3)

Abbreviations: AE = autoimmune encephalitides; LGI1 = leucine-rich glioma inactivated 1; NMDAr = N-methyl-D-aspartic acid; PNS = paraneoplastic neu-
rologic syndrome.
a The numbers of person-years spent at risk for whole France were 66,439,735 in 2016; 66,574,069 in 2017; 66,676,327 in 2018; and 199,690,131 for period
2016–2018.
b The number of person-years spent at risk for Rhône-Ain-Isère for period 2016–2018 was 11,291,348.
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The fact that antibody-positive AE is now at least as com-
monly diagnosed as PNS suggests that there was a rapid, albeit
heterogeneously distributed, heightened awareness of the
condition. In fact, classical PNS—a group whose antibodies
were described in the 1980s and 1990s—now represents only
about a third of all definite PNS and AE cases. Part of the
increased incidence seen in this subgroup may be attributable
to more widespread use of immune checkpoint inhibitors in
oncological practice, as already observed for specific central23

and peripheral nervous system disorders,24 including anti-
Hu25 and anti–Ma2-associated syndromes.26

To address the aforementioned limitations of exhaustiveness
and referral patterns, future incidence studies should
strengthen interhospital collaborations and ensure increased
reporting of these conditions to the National Reference
Center in Lyon. Including information on the location of
residence of the patients would allow for a more in-depth
analysis of the possible role of geographic factors on the in-
cidence of PNS and AE.

The population-based design of this study showed a relatively
accurate epidemiologic picture. We hope that this study will
lead to increased recognition and reporting of these neuro-
immune disorders in regions of France with lower rates of
declaration, possibly through targeted educational activities.
Our data will serve as a comparator for future studies of in-
cidence of PNS and AE, monitoring their incidence in space
and time—concurrently with improvements in clinicians’
diagnostic capabilities.26
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Sante Publique 2005;53:205–208.

Appendix Authors

Name Location Contribution

Julien Hébert,
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Abstract
Objective
The contemporary diagnosis of paraneoplastic neurologic syndromes (PNSs) requires an
increasing understanding of their clinical, immunologic, and oncologic heterogeneity. The 2004
PNS criteria are partially outdated due to advances in PNS research in the last 16 years leading
to the identification of new phenotypes and antibodies that have transformed the diagnostic
approach to PNS. Here, we propose updated diagnostic criteria for PNS.

Methods
A panel of experts developed by consensus a modified set of diagnostic PNS criteria for clinical
decision making and research purposes. The panel reappraised the 2004 criteria alongside new
knowledge on PNS obtained from published and unpublished data generated by the different
laboratories involved in the project.

Results
The panel proposed to substitute “classical syndromes” with the term “high-risk phenotypes”
for cancer and introduce the concept of “intermediate-risk phenotypes.” The term “onconeural
antibody” was replaced by “high risk” (>70% associated with cancer) and “intermediate risk”
(30%–70% associated with cancer) antibodies. The panel classified 3 levels of evidence for
PNS: definite, probable, and possible. Each level can be reached by using the PNS-Care Score,
which combines clinical phenotype, antibody type, the presence or absence of cancer, and time
of follow-up. With the exception of opsoclonus-myoclonus, the diagnosis of definite PNS
requires the presence of high- or intermediate-risk antibodies. Specific recommendations for
similar syndromes triggered by immune checkpoint inhibitors are also provided.

Conclusions
The proposed criteria and recommendations should be used to enhance the clinical care of
patients with PNS and to encourage standardization of research initiatives addressing PNS.
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Paraneoplastic neurologic syndromes (PNSs) are remote effects
of cancer with an immune-mediated pathogenesis.1,2 The di-
agnosis of PNS can be difficult and requires careful exclusion of
direct involvement of the nervous systemby cancer, such as brain
metastasis or carcinomatous meningitis, and indirect in-
volvement caused by coagulopathy, treatment-related neuro-
toxicity, metabolic problems, or infections.1,3 PNSs develop in
approximately 1 of 300 patients with cancer.3 Few population-
based epidemiologic studies have been performed in the field of
PNS. Yet, stated incidence varies from 1.6 to 8.9 per million
person-years, suggesting that underdiagnosis and underreporting
are still relevant issues.3,4 It is likely that the expanding use of
immune checkpoint inhibitors (ICIs) in oncologic practice will
lead to an increased frequency of similar syndromes.5,6

In 2004, a set of recommended diagnostic criteria for PNS were
defined by a panel of international experts and became the stan-
dard for clinical and research purposes.7 Since then, several ad-
vances in the field of PNS suggest that this is an opportune
moment to update the 2004 criteria: first, the characterization of
new intraneuronal proteins as targets of autoantibodies in PNS;
second, the discovery of pathogenic antibodies against neuronal
surface antigens in neurologic syndromes that can occur with or
without cancer, a group which emphasizes the need for a new
definition of an onconeural antibody; and third, some of the 2004
fundamental criteria needed to be redefined or modified. For
example, the definition of definite PNS solely based on the
presence of onconeural antibodies is no longer adequate. Similarly,
in the elderly population, where the prevalence of some tumors is
high (e.g., prostate cancer), the use of criteria that rely on generic
tumor association may overestimate the real burden of PNS.

In September 2019, a group of international experts (PNS-Care
panel) was convened and charged with revising the diagnostic
criteria of PNS to benefit clinical decision making, epidemio-
logic, and research purposes and to address the ancillary issues
outlined above. The following report, which includes a newly
developed clinical scoring system (PNS-Care Score), repre-
sents the panel’s consensus recommendations.

Methods
The PNS-Care panel initially consisted of 14 investigators from
8 different countries; all members of the panel are neurologists

with clinical and research expertise in PNS and related syn-
dromes. The panel started with the premise that revised con-
sensus diagnostic criteria for PNS were required to improve
clinical care and support research. The group established 3
levels of certainty in the diagnosis of PNS (i.e., possible,
probable, and definite PNS) according to the coherence be-
tween clinical phenotype, antibody, and cancer. In assessing the
diagnostic process, the panel reviewed the experience and ca-
veats with detection and interpretation of neuronal antibodies.
In addition, new recommendations were considered for neu-
rologic syndromes developing in the context of ICI treat-
ment. It was agreed that several neurologic disorders that can
occur in association with cancer are not included in the current
diagnostic criteria, such as inflammatory myopathies (derma-
tomyositis, polymyositis, and necrotizing myopathies), myas-
thenia gravis, polyneuropathies associated with monoclonal
gammopathies, and paraneoplastic retinopathy, optic neuritis,
and cochlea-vestibulopathy. Well-designed diagnostic criteria
already exist formost of these entities, which are historically not
included within the spectrum of PNS.

An initial draft of the guidelines was discussed during the in-
auguralmeeting in Lyon (France) and subsequently underwent
several iterations via electronic communication. The last ver-
sion was then sent to all 14members, in addition to 5 additional
international experts, for final review and comment. All 19
PNS-Care panel members endorsed the final guidelines.

Data Availability
Data sharing is not applicable to this article as no new data
were created or analyzed in this study.

Results
Definition of Paraneoplastic
Neurologic Syndromes
PNSs are defined as neurologic disorders that (1) can affect
any part of the nervous system, often presenting with ste-
reotyped clinical manifestations; (2) occur in association with
cancer; and (3) have an immune-mediated pathogenesis that
is supported by the frequent presence of specific neuronal
antibodies. The 3 parts of this definition represent the main
axes of discussion by the panel and constitute the structure of
the present guidelines.

Glossary
AMPAR = α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor; ANNA = antineuronal nuclear antibody;CASPR2 =
contactin-associated protein-like 2; CBA = cell-based assay; CRMP5 = collapsin response-mediator protein 5; DNER = delta/
notch-like epidermal growth factor-related receptor; EM = encephalomyelitis;GABABR = gamma-aminobutyric-acid B receptor;
GAD65 = glutamic acid decarboxylase 65; ICI = immune checkpoint inhibitor; IHC/IF = immunohistochemistry/
immunofluorescence; irAE = immune-related adverse event; LE = limbic encephalitis; LEMS = Lambert-Eaton myasthenic
syndrome; LGI1 = leucine-rich glioma-inactivated 1;mGluR = metabotropic glutamate receptor;NSCLC = non-SCLC;OMS =
opsoclonus-myoclonus syndrome; PCA = Purkinje cell antibody; PNS = paraneoplastic neurologic syndrome; SCLC = small-cell
lung cancer; SNN = sensory neuronopathy; SPS = stiff-person syndrome; VGCC = voltage-gated calcium channel.

2 Neurology: Neuroimmunology & Neuroinflammation | Volume 8, Number 4 | July 2021 Neurology.org/NN



High-Risk Neurologic Phenotypes
There are no absolute pathognomonic neurologic presenta-
tions associated with PNS. However, the panel recognizes
specific clinical presentations, here defined as “high-risk
phenotypes” and previously known as “classical PNS,” fre-
quently have a paraneoplastic etiology. In these phenotypes,
cancer represents an important trigger, and therefore, their
clinical recognition should lead to a search for an underlying
cancer. The extent of cancer search may depend on the de-
mographic characteristics of the patient (age, sex) and the
type of neuronal antibody (see below). Despite numerous
advances in the field of PNS in the last 16 years, including the
discovery of new antibodies and novel clinical manifestations,
the panel agrees that there are no new descriptions of high-
risk phenotypes, and therefore, the list is as below:

c Encephalomyelitis
c Limbic encephalitis
c Rapidly progressive cerebellar syndrome
c Opsoclonus-myoclonus
c Sensory neuronopathy
c Gastrointestinal pseudo-obstruction (enteric neuropathy)
c Lambert-Eaton myasthenic syndrome

Encephalomyelitis
The term encephalomyelitis (EM) should be used only in
patients with clinical dysfunction at multiple sites of the
nervous system, including also peripheral involvement such as
dorsal root ganglia, peripheral nerve or nerve roots, as rec-
ommended in the 2004 PNS criteria.7 These additional areas
of involvement should be included in the description of the
phenotype, for example, EM with dorsal root ganglionitis or
sensory neuronopathy (SNN) or EM with peripheral neu-
ropathy. EM almost always associates with small-cell lung
cancer (SCLC) with Hu (also called antineuronal nuclear
antibody 1, ANNA-1) or CV2/collapsin response-mediator
protein 5 (CRMP5) antibodies.8,9

Limbic Encephalitis
Limbic encephalitis (LE) usually presents with short-term
memory loss, seizures, and psychiatric manifestations rapidly
progressing in less than 3 months. The diagnostic criteria of LE
were updated in 2016,10 and in this phenotype, the most ad-
vances have been made in terms of antibody discovery since
2004. At that time, paraneoplastic and autoimmune LEs were
clearly underdiagnosed, and the frequency of reported cases was
substantially lower compared with rapidly progressive cerebellar
syndromes and sensory neuronopathies.11 Importantly, some of
the most frequent cell surface antibodies associate with typically
nonparaneoplastic forms of LE, such as leucine-rich glioma-
inactivated 1 (LGI1) or contactin-associated protein-like 2
(CASPR2) antibodies.10 Therefore, the historical concept of LE
as a phenotype predominantly associated with cancer has
changed dramatically in the last 10 years. 12,13 However, because
of multiple variants of LE, such as less common forms almost
always associated with cancer, this disorder has been retained as a
high-risk phenotype. This is important for 2 reasons: first, because

the neurologic presentation of paraneoplastic and nonparaneo-
plastic cases can be undistinguishable, and second, because some
of the associated antibodies (e.g., gamma-aminobutyric-acid B
receptor [GABABR]

14,15 and α-amino-3-hydroxy-5-methyl-
4-isoxazolepropionic acid receptor [AMPAR]16,17) can
manifest as paraneoplastic LE in more than 50% of the cases.
Although the presence of onconeural antibodies, such as
anti-Hu and anti-Ma2, almost always occurs in adults and
associate with an underlying cancer, the detection of Hu
antibodies in children with LE is exceptionally rare and
usually does not associate with cancer.18

Rapidly Progressive Cerebellar Syndrome
This disorder, previously known as subacute cerebellar de-
generation, is characterized by a rapidly progressive cere-
bellar syndrome, without substantial cerebellar atrophy at
early stages of the disease. Cases with hyperacute onset,
unilateral onset, or slowly progressive and insidious clinical
course mimicking neurodegenerative diseases have also been
reported,19,20 but in general, the patients rapidly develop a
severe and bilateral cerebellar syndrome limiting activities of
daily living in less than 3 months. The panel decided to avoid
the term paraneoplastic cerebellar degeneration when re-
ferring to the clinical syndrome because the presentation of
the cases with or without cancer can be indistinguishable.
Although gait ataxia may be the main or sole initial feature,
truncal and limb involvement later in the course of the dis-
ease are needed to define it as rapidly progressive cerebellar
syndrome. Extracerebellar dysfunction, predominantly in-
volving brainstem, may accompany the cerebellar features.
Isolated cerebellar symptoms are typical of Yo (also known
as PCA-1, Purkinje cell antibody 1)21 and Tr/delta/notch-
like epidermal growth factor-related receptor (DNER)
antibodies.22,23 Unlike LE, newly identified antibodies for
paraneoplastic (and nonparaneoplastic autoimmune) rap-
idly progressive cerebellar syndrome have been reported
only in isolated case reports or small series of patients (table
e-1, links.lww.com/NXI/A491). Future research may help
to clarify which aspects of cerebellar dysfunction correlate
more with specific antibodies.

Opsoclonus-Myoclonus Syndrome
Opsoclonus-myoclonus syndrome (OMS) is characterized by
involuntary, high-frequency, chaotic multidirectional saccadic
movements without intersaccadic pauses, and nonrhythmic
action myoclonus, often involving the trunk, limbs, and head.
Additional features include cerebellar involvement (dysarthria
and trunk ataxia) and encephalopathy (ranging from confu-
sion to coma).

Two main etiologies for OMS include paraneoplastic and idi-
opathic mechanisms, although there is increasing evidence
suggesting that the latter is usually an immune-mediated,
postinfectious process. Paraneoplastic OMS in children ac-
counts for 50% of cases and is closely associated with neuro-
blastoma.24 Paraneoplastic OMS in adults frequently associates
with SCLC or breast cancer. Patients with breast cancer and
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paraneoplastic OMS usually have Ri antibodies (also known as
ANNA-2).20,25,26 Compared with adults with nonparaneo-
plastic OMS, those with paraneoplastic OMS are more likely to
be older, develop encephalopathy, and have a poorer out-
come.25 In youngwomen, OMSmay appear in association with
ovarian teratomas without neuronal antibodies.27

Sensory Neuronopathy
SNN refers to a phenotype caused by involvement of the
sensory neurons of the dorsal root ganglia and manifesting
with sensory deficits sometimes accompanied by motor
symptoms due to additional involvement of motor nerve
roots of peripheral nerves. SNN diagnosis (regardless of
etiology) should follow previously reported criteria.28 The
potential causes of SNN are diverse, including Sjögren
syndrome or platinum-based chemotherapy, but a para-
neoplastic origin should be especially considered if patients
have inflammatory CSF or motor involvement.29 The terms
sensorimotor/sensory neuropathy, polyradiculopathy, or
polyradiculoneuropathy should be used when the clinical
and electrophysiologic findings indicate additional in-
volvement of the peripheral nerves or nerve roots. The most
frequent antibody specificity for SNN is Hu, followed by
CV2/CRMP5 and amphiphysin antibodies.8,30,31

Gastrointestinal Pseudo-obstruction
This term applies to a clinical picture characterized by recurrent
episodes of abdominal pain, distension, constipation, and/or
vomiting, without evidence of mechanical obstruction.32 An
abnormal gastric emptying or small bowel manometry confirms
the diagnosis. Gastrointestinal pseudo-obstruction is due to a
myenteric plexus dysfunction and may occur along with other
features of autonomic involvement, SNN, or EM. The identifi-
cation of Hu antibodies suggests a paraneoplastic origin,8,32

whereas antibodies against ganglionic acetylcholine receptor are
more frequently seen in nonparaneoplastic cases.33

Lambert-Eaton Myasthenic Syndrome
Lambert-Eaton myasthenic syndrome (LEMS) is character-
ized by the progressive development of proximal muscle
weakness that usually starts in the lower limbs and follows
with involvement of the upper limbs, distal muscles, and finally
the ocular and bulbar muscles. About 90% of patients have
symptoms of autonomic dysfunction, which is a hallmark of
LEMS, including dry mouth, erectile dysfunction, and con-
stipation. In addition to muscle weakness and dysautonomia,
patients have decreased or absent muscle reflexes, which improve
after repeat exercise or maximal voluntary contraction.34 Clinical
suspicion must be confirmed with electrophysiologic studies.35

Table 1 High-Risk Antibodies (>70% Associated With Cancer)

Antibody
(alternative
name) Neurologic phenotypes

Frequency
of cancer
(%) Usual tumors Sex, age-related, and other specificities

Hu (ANNA-1)8 SNN, chronic gastrointestinal
pseudo-obstruction, EM, and LE

85 SCLC >> NSCLC, other
neuroendocrine tumors, and
neuroblastoma

LE is usually nonparaneoplastic in patients aged <18
y18

CV2/
CRMP530,e17,e40,e41

EM and SNN >80 SCLC and thymoma Patients with an associated thymoma are younger
and present more frequently MG and less commonly
neuropathy

SOX136,e42 LEMS with and without rapidly
progressive cerebellar syndrome

>90 SCLC Stronger correlation with SCLC than with a particular
neurologic presentation

PCA2 (MAP1B)
57,e43,e44

Sensorimotor neuropathy,
rapidly progressive cerebellar
syndrome, and EM

80 SCLC, NSCLC, and breast
cancer

Amphiphysin31,e18 Polyradiculoneuropathy, SNN,
EM, SPS

80 SCLC and breast cancer Associated antibodies commonly coexist. Patients
with isolated antiamphiphysin→women, with breast
cancer and SPS

Ri (ANNA-2)20,26 Brainstem/cerebellar syndrome,
OMS

>70 Breast > lung (SCLC and
NSCLC)

Breast cancer in women; lung cancer in men

Yo (PCA-1)21,e16 Rapidly progressive cerebellar
syndrome

>90 Ovary and breast cancers Almost all female; in men, antigen expression by
tumor should be proven

Ma2 and/or
Ma45,e15,e45

LE, diencephalitis, and brainstem
encephalitis

>75 Testicular cancer and NSCLC Young men → testicular tumors and isolated Ma2
positivity; older patients → SCLC and both Ma1/2
positivity

Tr (DNER)22,23 Rapidly progressive cerebellar
syndrome

90 Hodgkin lymphoma

KLHL1148-50 Brainstem/cerebellar syndrome 80 Testicular cancer Young men

Abbreviations: ANNA = antineuronal nuclear antibody; CRMP5 = collapsin response-mediator protein 5; DNER = delta/notch-like epidermal growth factor–
related receptor; EM = encephalomyelitis; KLHL11 = Kelch-like protein 11; LE = limbic encephalitis; LEMS = Lambert-Eaton myasthenic syndrome; MAP1B =
microtubule-associated protein 1B; MG = myasthenia gravis; NMDAR = NMDA receptor; NSCLC = non–small-cell lung cancer; OMS = opsoclonus-myoclonus
syndrome; PCA = Purkinje cell antibody; SCLC = small-cell lung cancer; SNN = sensory neuronopathy; SPS = stiff-person syndrome.
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Antibodies against P/Q type voltage-gated calcium channels
(VGCCs) are present in nearly 90% of the patients, although
their detection is not needed for the diagnosis. These antibodies
occur similarly in the paraneoplastic and nonparaneoplastic
forms of the disease.34 Conversely, antiglial nuclear antibodies
(or SOX1 antibodies) are strongly associated with SCLC or
paraneoplastic syndromes associatedwith SCLC; therefore, their
detection in patients with LEMS strongly suggests the presence
of an underlying SCLC.36 In addition, the Dutch-English LEMS
tumor association prediction score is based on clinical criteria
and is useful in the discrimination between paraneoplastic and
nonparaneoplastic LEMS.37

Intermediate-Risk Phenotypes
Intermediate-risk phenotypes are neurologic disorders that
can occur with or without cancer. The recognition of these
phenotypes should prompt consideration of a PNS, particu-
larly when no alternative explanation is found, and patients
should be tested for neuronal specific antibodies.

The Panel proposes to consider a possible intermediate-risk
phenotype when the onset is rapidly progressive (<3 months)
or there are inflammatory findings in the CSF or brain/spine
MRI. The panel acknowledges that the list of possible
intermediate-risk phenotypes is far from complete but listed
below are some of the most suggestive ones:

Encephalitis other than well-defined LE can be considered as
intermediate risk phenotype if diagnostic criteria for possible
autoimmune encephalitis are fulfilled and antibodies of high
or intermediate risk are detected (see below and tables 1 and

2).10 This applies especially for those cases with multifocal or
diffuse involvement not restricted to the limbic system, such
as anti-mGluR5 (metabotropic glutamate receptor 5; associ-
ated with Hodgkin lymphoma),38 or anti-GABAAR enceph-
alitis (gamma-aminobutyric-acid A receptor; associated with
malignant thymoma in adult patients).39

A condition with well-defined diagnostic criteria but unusual
oncologic associations is anti-NMDAR encephalitis.10 The panel
considers this disease as an intermediate-risk phenotype because
the presence of an associated tumor highly depends on age and
sex.40 Children of both sexes and young adult men rarely have
tumors but women aged between 18 and 35 years often have an
ovarian teratoma, with frequencies ranging between 35% and
50%. In most cases, the teratoma is mature and therefore benign,
yet pathologic studies show that they contain NMDAR-
expressing neural tissue and often structures that may act as
ectopic germinal centers, with tumor-resident NMDAR
antibody–producing B cells, directly contributing to the
PNS.41,42 Immature ovarian teratomas are less common but
more frequent than in the general population,41 and other ma-
lignant tumors occur almost exclusively in elderly patients.43,44

Brainstem encephalitis usually presents with oculomotor ab-
normalities and bulbar symptoms (dysarthria, dysphagia),
sometimes accompanied by abnormal movements or cere-
bellar dysfunction. Brainstem encephalitis may co-occur with
LE and is strongly associated with Ma2 antibodies, usually
with underlying testicular tumors or non-SCLC (NSCLC).45

Diencephalic involvement may accompany brainstem en-
cephalitis in patients with Ma2 antibodies, characterized by

Table 2 Intermediate-Risk Antibodies (30%–70% Associated With Cancer)

Antibody
Neurologic
phenotypes Frequency of cancer (%) Usual tumors Sex, age-related, and other specificities

AMPAR16,17,e46 Limbic encephalitis >50 SCLC and
malignant
thymoma

Paraneoplastic origin is more likely when other onconeuronal
antibodies co-occur

GABABR
e14,15,e2,e3,e47-e49 Limbic encephalitis >50 SCLC Paraneoplastic cases aremore commonly observed in elderly

men, smokers, with associated anti-KCTD16 antibodies. Most
of young patients are not paraneoplastic

mGluR538 Encephalitis ;50 Hodgkin
lymphoma

P/Q VGCCe50,e51 LEMS, rapidly
progressive
cerebellar
syndrome

50 (LEMS; nearly 90 for
rapidly progressive
cerebellar syndrome)

SCLC Co-occurrence with N-type VGCC antibodies might be slightly
more common in paraneoplastic LEMSe52-e54

NMDAR40,43,44 Anti-NMDAR
encephalitis

38 Ovarian or
extraovarian
teratomas

Tumor (mostly ovarian teratomas) predominates in female
aged between 12 and 45 y (50%). Elderly patients have less
frequently tumors (<25%), but usually they are carcinomas.
Paraneoplastic cases in children are very rare (<10%)

CASPR251,52 Morvan syndrome 50 Malignant
thymoma

CASPR2 should be considered as intermediate-risk antibody
only in the setting ofMorvan syndrome.When associatedwith
other neurologic syndromes, the risk of cancer is very low.

Abbreviations: AMPAR = α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor; GABABR = gamma-aminobutyric acid-b receptor; KCTD16 = po-
tassium channel tetramerization domain containing; LEMS = Lambert-Eaton myasthenic syndrome; mGluR5 = metabotropic glutamate receptor type 5;
NMDAR = NMDA receptor; SCLC = small-cell lung cancer; VGCC = voltage-gated calcium channel.
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excessive daytime sleepiness/narcolepsy, hyperphagia, hy-
perthermia, and endocrine abnormalities.45 The presence of
bulbar dysfunction and central hypoventilation is character-
istic of Hu antibodies,46 whereas OMS and jaw dystonia are
common with Ri antibodies.20,47 Sensorineural deafness is
frequent in brainstem encephalitis associated with KLHL11
antibodies and testicular cancer or teratomas.48-50

Morvan syndrome is defined by peripheral nerve hyperex-
citability along with encephalopathy characterized by behav-
ioral change, hallucinations, dysautonomia, and sleep
disorders, especially agrypnia excitata. Importantly, the co-
occurrence of LE and neuromyotonia should not be consid-
ered as a synonym of Morvan syndrome. Malignant thymoma
is the tumor more commonly associated with Morvan syn-
drome, frequently accompanied by myasthenia gravis.51,52

Morvan syndrome is almost always associated with CASPR2
antibodies, sometimes with concurrent LGI1 and netrin 1
receptor antibodies.51,52

Isolated myelopathy as a paraneoplastic manifestation of
cancer may have a variable clinical evolution and usually
presents with longitudinally extensive, symmetric, tract or
gray-matter specific abnormalities in MRI studies. It is

mainly associated with breast and lung carcinomas, and with
CV2/CRMP5 and amphiphysin antibodies.53 However,
patients may not have neuronal antibodies, and in these
cases, the possibility of a paraneoplastic origin should be
considered when MRI is suggestive, and there are no alter-
native diagnoses.

Stiff-person syndrome (SPS) is characterized by painful
muscular spasms that can be spontaneous or triggered by
activity or external sensory stimuli and occurs in association
with stiffness due to coactivation of agonist and antagonist
muscles. Paraneoplastic SPS is mostly associated with
amphiphysin antibodies and breast cancer. Compared with
the nonparaneoplastic SPS, usually associated with gluta-
mic acid decarboxylase 65 (GAD65) antibodies, patients
with amphiphysin-related paraneoplastic SPS are older and
frequently have neck and upper limb involvement.54 Al-
though some patients with anti–GAD65-associated SPS
may have cancer, a paraneoplastic etiology should not be
considered unless GAD65 is found expressed by the tumor
cells. Besides focal variants of SPS (such as stiff-leg syn-
drome) that show the same antibody and tumor associa-
tions than classic SPS, another disorder lying within the
SPS spectrum is progressive encephalomyelitis with rigidity

Table 3 Lower-Risk Antibodies (<30% Associated With Cancer)

Antibody Neurologic phenotypes

Frequency
of cancer
(%) Usual tumors Sex, age-related, and other specificities

mGluR1e55 Cerebellar ataxia 30 Mostly hematologic

GABAAR
39,e56 Encephalitis <30 Malignant thymoma Paraneoplastic origin is less frequent (10%) in children

than in adults (60%)

CASPR251,52,e57,e58 LE, acquired neuromyotonia
(Isaac syndrome), and Morvan
syndrome

<30 Malignant thymoma Morvan syndrome is more associated (≈50%) with
malignant thymoma, whereas LE is almost always
nonparaneoplastic

GFAPe59,e60 Meningoencephalitis ≈20 Ovarian teratomas and
adenocarcinomas

May occur as an immunologic accompaniment in anti-
NMDAR encephalitis with ovarian teratomas

GAD65e61,e62 LE, SPS, and cerebellar ataxia <15 SCLC, other
neuroendocrine tumors,
and malignant thymoma

Paraneoplastic patients are older, more frequently male,
with associated neuronal antibodies, and atypical clinical
presentations

LGI1e63-e67 LE <10 Malignant thymoma and
neuroendocrine

Paraneoplastic cases are mainly observed in patients with
Morvan syndrome and both serum LGI1 and CASPR2
antibodies

DPPXe68,e69 Encephalitis with CNS
hyperexcitability and PERM

<10 B-cell neoplasms

GlyR55,56 LE and PERM <10 Malignant thymoma and
Hodgkin lymphoma

AQP4e70 Neuromyelitis optica spectrum
disorder

<5 Adenocarcinomas Older age, male, and severe nausea/vomiting at onset

MOGe71-e73 MOG antibody–associated
disease

5 cases
reported

Mostly ovarian teratomas

Abbreviations: AQP4 = aquaporin 4; CASPR2 = contactin-associated protein-like 2; DPPX = dipeptidyl peptidase-like protein; GABAAR = gamma-aminobutyric-
acid-A receptor; GAD = glutamic acid decarboxylase; GFAP = glial fibrillary acidic protein; GlyR = glycine receptor; LE = limbic encephalitis; LGI1 = leucine-rich
glioma-inactivated protein 1; mGluR1 = metabotropic glutamate receptor type 1; MOG = myelin oligodendrocyte glycoprotein; NMDAR = NMDA receptor;
PERM = progressive encephalomyelitis with rigidity and myoclonus; SCLC = small-cell lung cancer; SPS = stiff-person syndrome.
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and myoclonus, which usually presents with hyperekplexia,
brainstem dysfunction, and dysautonomia, and is related
mostly to glycine receptor antibodies in a nonparaneo-
plastic context.55,56

Paraneoplastic polyradiculoneuropathies have typically an
axonal pattern and often present with concurrent CNS in-
volvement. Pain, dysautonomia, and distribution (symmet-
ric or asymmetric) are variable. The most frequent
antibodies are CV2/CRMP5,30 amphiphysin,31 and PCA-2/
microtubule-associated protein 1B,57 usually in the context
of SCLC, or breast cancer also in association with amphi-
physin antibodies. In patients with cancer, the development
of neuropathies that fulfill the criteria of Guillain-Barré
syndrome or chronic inflammatory demyelinating poly-
neuropathy should not be considered paraneoplastic unless a
high-risk antibody is identified (table 1).

Cancer Associated With PNS and
Cancer Screening
The panel agreed that the demonstration of a causal, not
coincidental, association between the underlying tumor and
the neurologic phenotype is crucial for the definite diagnosis
of PNS. Although some progress has been made in the
characterization of this pathogenic link, such as the identifi-
cation of specific mutations or amplifications in the genes
encoding for onconeural antigens in tumors of patients with
PNS,58 in clinical practice, this link is suggested by:

Epidemiologic Associations
Clinical series indicate that distinct types of PNS prefer-
entially associate with certain types of cancers, regardless of
the presence or absence of antibodies, and type of antibody.
For example, rapidly progressive cerebellar syndrome in
postmenopausal women is frequently paraneoplastic, and
the tumors more frequently involved are breast and ovarian
cancer (in this case, patients usually have Yo antibodies).
Another example is OMS in children with neuroblastoma
(in this case, patients do not have a specific antibody).

Antibody Associations
Antibodies are important to guide the search for an underlying
tumor. In the context of PNS, 3 groups of antibodies can be
considered according to the frequency of cancer association re-
gardless of their eventual pathogenic effect. The first group in-
cludes antibodies that occur very frequently (>70%) in patients
with an underlying cancer (table 1). In the 2004 PNS criteria,
these antibodies were defined as onconeural antibodies to em-
phasize the link between cancer and brain. However, it is now
clear that some antibodies associate less frequently with cancer,
for example, AMPAR and NMDAR, and the target antigens are
expressed in both the neurons and the tumor. On the other
hand, some of the antigens of classical onconeural antibodies
(such as Tr/DNER) are not expressed in the associated tumor
(Hodgkin lymphoma). For this reason, the panel proposes to
substitute the term onconeural, which implies the obligatory
expression of the antigen by the nervous system and cancer, for
the term high risk. Most high-risk antibodies target intracellular
antigens and are currently considered not to be directly patho-
genic but only good biomarkers of PNS. The second group of
antibodies occur in association with cancer in 30%–70% of cases
(table 2). Finally, the third group of antibodies have a much
lower (<30%), or absent, association with cancer (table 3). In
cases of PNS without antibodies, the involvement of a tumor is
more difficult to demonstrate as it may be coincidental and not
pathogenically linked. The tumors more frequently associated
with PNS irrespective of the antibody status are SCLC, breast
cancer, ovarian cancer, NSCLC, and lymphomas.13,59,60,e1

In clinical practice, the indicated antibody associations with
cancer have important clinical implications. For a specific
phenotype, for example, LE, the presence of one antibody vs
another suggests the likelihood of having a tumor or not and
directs the tumor search. For example, patients with LE and
LGI1 antibodies rarely have a tumor, whereas at least 50% of
patients with GABABR antibodies have SCLC,14,15 more than
50% of patients with AMPAR antibodies have thymoma, lung,
or breast cancer,16,17 and most (>85%) patients with Hu
antibodies have SCLC.8

Table 4 Recommendations for Antibody Testing in PNS

Investigate serum and CSF for determination of antibodies. This is particularly important for antibodies against surface antigens.

Indiscriminate and unfocused testing increases the chances of false-positive and false-negative results.

Disregard neuronal IgM or IgA antibodies as diagnostic biomarkers; currently, only IgG antibodies have diagnostic significance.

Antibodies against surface antigens positive in serum but negative in the CSF should be reassessed in reference laboratories, particularly if the patient has
high- or intermediate-risk phenotypes.

Assure that positive results by commercial line blots or CBAs are confirmed by brain immunohistochemistry; this is particularly important if only serum is
tested, the antibody titer is low, and/or the result is discordant with the clinical phenotype.

Critically evaluate positive results of antibody panels that are incongruent with the patient’s neurologic phenotype and/or cancer (e.g., positive Yo antibodies
in a male patient with seizures) and seek additional expert testing.

Serum and CSF of patients with a high suspicion for PNS, but negative neural antibodies, should be re-examined in research laboratories. Ideally, all samples
should be tested in experienced research settings.

Abbreviations: CBA = cell-based assay; Ig = immunoglobulin; PNS = paraneoplastic neurologic syndrome.
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These antibody-tumor associations can show age and sex de-
pendence; for example, NMDAR antibodies rarely associate
with tumors in young children or young adult male patients.40

Very rarely, Hu18 or GABABR
e2, e3 antibodies can be identified

in children with epileptic encephalopathy, and these patients
almost never have cancer.

Expression of Neural Antigens by the Tumor
In some clinical research settings (e.g., unexpected tumor and
antibody concurrence), the demonstration that the tumor
expresses the cognate antigen is critical to pathogenically as-
sociate it with the PNS (i.e., Yo antibodies in a man with
gastric adenocarcinoma).e4 Similar studies are needed when
there is limited experience with the PNS or associated anti-
body (i.e., mGluR2 antibodies and rapidly progressive cere-
bellar syndrome with sarcoma).e5

Cancer screening should be promptly undertaken when a
PNS is suspected and should be guided by the type of phe-
notype or antibody (tables 1 and 2). Patients can have more
than 1 tumor; thus, if the identified tumor is atypical for the
type of suspected phenotype or antibody, additional studies
for a second tumor should be considered.e6 Recommenda-
tions according to the type of suspected tumor are shown in
table e-2 (links.lww.com/NXI/A491).21,e6-e16

When initial tumor screening is negative, it should be re-
peated every 4–6 months for 2 years in patients with high-
risk phenotypes along with high-risk antibodies (table 1).
The panel decided to establish this time frame based on the
members’ clinical experience and the evidence from the lit-
erature showing that a vast majority of the tumors are di-
agnosed within 2 years after PNS onset8,21-23,26,30,31,45,48,e15-
e18; however, this is a general recommendation that should
be adapted to every individual case according to risk factors,
clinical evolution, and medical resources. The same applies
to patients with high-risk phenotypes along with in-
termediate risk antibodies (table 2) who show particular
demographic characteristics (older age and smoking) or
have concurrent antibodies with strong cancer association
(e.g., P/Q VGCC and SOX1 antibodies in LEMS). For pa-
tients who do not fulfill these criteria, and those with lower
risk antibodies (table 3), a comprehensive screening for
cancer by the time of initial diagnostic assessment is suffi-
cient. Tumor rescreening could be considered in some
clinical settings, such as patients refractory to treatment or
with relapsing neurologic diseases (e.g., anti-NMDAR
encephalitis).

Neuronal Antibodies as Biomarkers in PNS
Although PNS can be diagnosed without neuronal antibody
testing (e.g., pediatric OMS and neuroblastoma; LEMS and
SCLC), the demonstration of neuronal antibodies is of ex-
traordinary help in the diagnosis of PNS, and these antibodies
have become very important biomarkers of PNS. Gold stan-
dard detection methods include rodent brain tissue
immunohistochemistry/immunofluorescence (IHC/IF) ac-
companied by confirmatory studies using immunoblot with
recombinant proteins (for most antibodies directed to in-
tracellular antigens) or cell-based assays (CBAs, for antibodies
against cell surface or synaptic proteins).e19,e20 Brain immu-
nohistochemistry is not useful for 2 antibodies (P/Q type
VGCC, glycine receptor antibodies), and the utility of tissue
immunohistochemistry is unclear (pending to be better de-
fined) for SOX1 antibody. Recommendations for antibody
testing are shown in table 4.

Sensitivity and specificity for serum or CSF analysis vary
among different antibodies; it is therefore recommended to
perform antibody testing in both samples. Laboratory studies
using CBA with serum only have similar problems of false-
positive and -negative results. For all suspected autoimmune
or paraneoplastic encephalitis associated with antibodies
against neuronal surface antigens, screening of CSF should be
obligatory to avoid mistakes. Patients with neuronal surface
antibodies detected in serum only (CSF negative) should be
re-examined in a research laboratories or with confirmatory
tissue IHC/IF before considering a definite diagnosis. On the
other hand, some antibodies (e.g., against LGI1) are best
detected in serum, with CSF showing lower sensitivity. De-
spite the indicated gold standard techniques mentioned above
(brain IHC/IF and CBA), very few laboratories use both
techniques.

Table 5 PNS-Care Score

Points

Clinical level

High-risk phenotypes 3

Intermediate-risk phenotypes 2

Defined phenotype epidemiologically not associated with
cancer

0

Laboratory levela

High-risk antibody (>70% cancer association) 3

Intermediate risk antibody (30%–70%) 2

Lower risk antibody (<30%) or negative 0

Cancer

Found, consistent with phenotype and (if present) antibody,
or not consistent but antigen expression demonstrated

4

Not found (or not consistent) but follow-up <2 y 1

Not found and follow-up ≥2 y 0

Diagnostic level

Definite ≥8

Probable 6–7

Possible 4–5

Non-PNS ≤3

Abbreviation: PNS = paraneoplastic neurologic syndrome.
a See text for recommended diagnostic methods.
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Commercial kits that test multiple antibodies may be
helpful. However, often, the kits detect antibodies of lim-
ited clinical value for diagnosis of PNS along with anti-
bodies with well-known clinical and cancer associations
that have been validated across different specialized cen-
ters. Although commercial line blot kits for antibody de-
tection are useful for the initial screening of patients, the
number of false-positive and -negative results is particularly
high for line blots assessing Yo, Ma2, CV2/CRMP5, and
SOX1 antibodies.e21-e25 Unexpected antibody results based
on the type of neurologic phenotype, tumor, or patient’s
age and sex should raise concern for false-positive results
and be reassessed with additional studies, preferably in
research laboratories. Similarly, reference laboratories
should perform the antibody testing in patients with high
suspicion for PNS but negative routine screening of anti-
bodies in clinical or commercial laboratories.e21,e22

Several antibodies, mostly related to rapidly progressive cer-
ebellar syndrome, are not well characterized yet, because they
have been described recently, in small series or isolated case
reports, or there is limited experience across different research
laboratories (table e-1, links.lww.com/NXI/A491). Further
studies involving larger series are needed to confirm the
clinical and oncologic associations of these new antibodies
and require input of research laboratories to forward the ac-
curacy of patient diagnoses.

Diagnostic Criteria for PNS
The diagnosis of PNS requires the reasonable exclusion of
alternative causes that sometimes are much more prevalent.
The differential diagnosis of PNS is wide, as it includes infec-
tions, autoimmune nonparaneoplastic diseases, tumors, neu-
rodegenerative disorders, and toxic/metabolic disturbances.
Most of these alternative diagnoses are epidemiologically more
frequent than PNS, and some of them are treatable; therefore,
there is an important need to readily identify them. The dif-
ferential diagnosis should be based on the clinical presentation
and patient’s demographic features (table e-3, links.lww.com/
NXI/A491). After that, 3 levels of diagnostic certainty are
proposed (possible, probable, and definite PNS) based on a
scoring system (PNS-Care Score) that considers the type of
clinical phenotype, presence or absence of neuronal antibodies,
and presence or absence of cancer (table 5).

The panel recognizes that the proposed criteria may un-
derestimate the occurrence of cases of PNS without neuronal
antibodies, but the use of these biomarkers provides un-
ambiguous diagnostic certainty and enables to homogenize
samples for research purposes. According to these criteria, the
diagnosis of definite PNS (score ≥8) includes the presence of
a high- or intermediate-risk phenotype (as previously de-
scribed) along with a high- or intermediate-risk antibody, and
the presence of cancer. The presence of cancer is mandatory
to define definite PNS. If the cancer is unusual for the type of
antibody found, the diagnosis of definite PNS requires the
demonstration of antigen expression by the tumor.

The panel proposed as exception the OMS associated with
neuroblastoma or SCLC in which there is no specific antibody
association. Therefore, although this syndrome provides a score
of 7, it should be considered definite PNS when associated with
these tumors. The panel also acknowledges that the present
criteria do not identify as definite PNS neurologic syndromes
associated with cancer and low-risk antibodies even if tumor
cells express the neuronal antigen recognized by the antibody
(e.g, neuromyelitis optica with aquaporin 4 antibodies and
concurrent lung adenocarcinoma that expresses aquaporin 4).

Note that the diagnostic level of probable or possible PNS
(table 5) may change over time according to the length of
follow-up, greater or less than 2 years. For example, a patient
with LEMS, VGCC antibodies but no cancer at diagnosis has
a score of 6 (probable). If an SCLC is found 18 months later,
the diagnosis will be upgraded to definite (score 9), but if no
cancer is found after >2 years, the diagnosis will be down-
graded to possible (score 5).

The Era of Immune Checkpoint Inhibitors
ICIs enhance antitumor immunity by blocking immune
checkpoint molecules expressed in T lymphocytes and tumor
cells including programmed cell death protein 1, its ligand, and
cytotoxic T-lymphocyte–associated antigen 4.e26 The adoption
of ICI treatment in oncologic practice has led to increased
survival and long-term remissions, even in patients with ex-
tensive metastatic cancer.e26 The major downside of ICIs is the
possibility of developing immune-related adverse events (irA-
Es),e27 including severe (grade 3 or higher) neurologic syn-
dromes (1%–3% of the cases).5,e28 These include the
worsening of preexisting and de novo development of auto-
immune neurologic diseases. The panel recommends that the
first step in approaching these disorders is to determine
whether the syndrome fulfills the above-mentioned criteria for
PNS, after having excluded other alternative etiologies (e.g.,
carcinomatous meningitis).e29 Both peripheral and CNS
complications have been described.e30,e31 There is already ev-
idence that specific neurologic syndromes (e.g., those associ-
ated with Ma2 and Hu antibodies) can be triggered by cancer
immunotherapy.6,e32 Nevertheless, a substantial proportion of
cases remain seronegative despite comprehensive screening,
and the detection of antibodies is not required for the diagnosis
of irAEs. Although classical PNSs are known to precede the
discovery of cancer, neurologic syndromes triggered by ICIs by
definition develop when the cancer is already diagnosed, in
general shortly after the initiation of ICIs.

Of interest, for the few patients who developed antibody-
associated irAEs and samples taken before ICI introduction
were available, the retrospective analysis revealed the presence
of Ma2 or Hu antibodies before the onset of PNS in 4
cases,6,e33-e35 similarly to what it was observed in 3 cases of
ICI-triggered myasthenia gravis.e36-e38

The optimal management of ICI-induced neurologic autoim-
munity has not been established and is beyond the scope of this
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diagnostic guidelines, but the panel recommended the following
considerations: (1) neuronal antibody testing needs to be rou-
tinely performed in all patients developing neurologic irAEs re-
sembling high or intermediate risk PNS; (2) patients with
current or previous PNS are at a higher risk of developing
neurologic worsening if treated with ICIs, and therefore, the
risk/benefit ratio of ICI should be carefully weighted in this
setting. For example, 50% of cases with preexistent PNS wors-
ened during ICI treatment in a recent studye39; (3) future studies
should address the potential value of assessing neuronal anti-
bodies before starting ICIs, particularly in patients harboring
cancers with tendency to associate with PNS (e.g., lung, breast,
and ovary cancer); (4) close neurologic follow-up of antibody-
positive cases is recommended.

Final Comments
The evaluation of suspected PNS and their management re-
quires detailed (and evolving) knowledge, so as to permit
timely and accurate diagnosis of these uncommon disorders.
Unambiguous diagnostic criteria facilitate both timely diagnosis
(which may affect the neurologic and oncologic outcome) and
avoidance of overdiagnosis and unnecessary treatments. In
addition, these criteria represent an important research tool for
epidemiologic studies and to analyze the value of new anti-
bodies for the diagnosis of PNS. For the reasons stated in the
introduction, modification of the 2004 criteria was necessary to
accommodate the new knowledge generated in the last 16
years. The update criteria presented here (1) include novel
phenotypes and immune-mediated pathogenic mechanisms
identified since 2004; (2) emphasize a causal (and not merely
chronological) association with cancer; and (3) require the
demonstration of neuronal antibodies using gold standard
techniques. These 3 elements represent the core of the present
criteria of PNS that we hope will be of help to clinicians and
researchers.
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29. Camdessanché JP, Jousserand G, Franques J, et al. A clinical pattern-based etiological
diagnostic strategy for sensory neuronopathies: a French collaborative study.
J Peripher Nerv Syst JPNS. 2012;17(3):331-340.

30. Dubey D, Lennon VA, Gadoth A, et al. Autoimmune CRMP5 neuropathy phenotype
and outcome defined from 105 cases. Neurology. 2018;90(2):e103-e110.

31. Dubey D, Jitprapaikulsan J, Bi H, et al. Amphiphysin-IgG autoimmune neuropathy: a
recognizable clinicopathologic syndrome. Neurology. 2019;93(20):e1873-e1880.

32. Lee HR, Prather CM. Paraneoplastic gastrointestinal motor dysfunction: clinical and
laboratory characteristics. Am J Gastroenterol. 2001;96(2):7.

33. Li Y, Jammoul A, Mente K, et al. Clinical experience of seropositive ganglionic
acetylcholine receptor antibody in a tertiary neurology referral center. Muscle Nerve.
2015;52(3):386-391.

Appendix (continued)

Name Location Contribution

Divyanshu
Dubey, MD

Mayo Clinic, Rochester, MN Conceptualizedanddesigned
the study and reviewed and
revised the manuscript

Bruno
Giometto, MD

Trento Hospital, Azienda
Provinciale per I Servizi
Sanitari (APSS) di Trento, Italy

Conceptualized and
designed the study and
reviewed and revised the
manuscript

Sarosh R.
Irani, MD,
PhD

University of Oxford, United
Kingdom

Conceptualizedanddesigned
the study and reviewed and
revised the manuscript

Bastien
Joubert, MD,
PhD

Hospices Civils de Lyon,
France

Conceptualized and
designed the study and
reviewed and revised the
manuscript

Frank
Leypoldt, MD,
PhD

University Hospital
Schleswig-Holstein Kiel/
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