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Abstract
Background Paraneoplastic neurological syndromes (PNSs) are nonmetastatic complications of malignancy, defined by 
the presence of onconeural antibodies (ONAs). ONAs may be found in 60% of patients with central nervous system (CNS) 
involvement, and they are directed against intraneuronal antigens or channels, receptors or associated proteins located at the 
synaptic or extra-synaptic neuronal cell membrane. Given its rare incidence, there are few epidemiological case series on 
CNS-PNS. We aim to discuss the variability of CNS-PNSs etiology, clinical features, management and outcome, highlighting 
the importance of early recognition and appropriate treatment, leading to significant reduction of mortality and morbidity.
Methods We retrospectively reviewed our 7-years single-center experience, and specifically discussed the underlying etiol-
ogy, parenchymal CNS involvement, and the acute treatment response. Only cases fulfilling PNS Euronetwork criteria for 
definitive PNS were included.
Results A total of 26 probable PNSs cases involving CNS were identified. We reported medical records of eleven (42.3%) 
illustrative cases, meeting the criteria of definite PNS and presenting variable clinical spectrum and different radiological 
appearances. Our series has a relative paucity of the most common syndromes and larger portion of clinical diagnosis with 
ONAs. Well-characterized ONAs had been detected in CSF of six patients.
Conclusions Our case series supports the utmost importance of early recognition of CNS-PNSs. Screening for occult malig-
nancies should not be limited to patients with classical CNS syndrome. Empiric immunomodulatory therapy may be con-
sidered before the diagnostic evaluation is completed, in order to prevent unfavorable outcome. Late presentations should 
not discourage initiation of treatment.
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characterized onconeural antibodies · Immunotherapy
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Introduction

Paraneoplastic neurologic syndromes (PNSs) are a group 
of disorders resulting from a remote effect of a malig-
nant neoplasm. PNSs may involve any part of the nervous 
system and result from an immune-mediated mechanism 
affecting neural tissue with a direct damage, rather than 
the direct or metastatic invasion of cancer [1]. Neuronal 
death could depend on autoreactive T cells, and actu-
ally, it has been hypothesized that the tumor protein-tar-
geting immune response might attack the same protein 
expressed by neurons [2]. PNSs are clinically character-
ized by subacute progression, disability, substantial lack 
of response to therapies, and they may precede clinical 
signs and symptoms of the underlying tumor in 65% of 
the cases. The heterogeneity of PNSs reflects the distribu-
tion of onconeural antigens within the nervous system, and 
therefore central, peripheral, and autonomic nervous sys-
tems can be affected at various levels. The identification of 
intracellular antigens, targeting B-cell immune response, 
allowed to identify the link between cancer and PNS, and 
subsequently to develop diagnostic tests [2]. Two differ-
ent patterns of immune response may accompany PNSs: 
syndromes in which immunoreactivity is directed against 
neuronal receptors or other cell membrane antigens, and 
syndromes with an immune response directed against 
intra-cellular neuronal proteins [3]. PNSs are defined by 
the presence of onconeural antibodies (ONAs), which are 
classically directed against intracellular-neuronal antigens, 
but may also target channels, receptors or associated pro-
teins located at the synaptic or extra-synaptic neuronal 
cell membrane. The ONAs are detected in about 60% of 
patients with PNS of the central nervous system (CNS) 
and less than 20% of those affecting the peripheral nerv-
ous system. Therefore, ONAs finding in patients with a 
progressive neurological disease supports the diagnosis 
of PNS and may provide information about the nature of 
a supposed underlying tumor, but their absence does not 
exclude the diagnosis of PNS [1, 2]. Although there is 
significant overlap, many of these antibodies (abs) are 
specific to one or more clinical syndromes and tumor 
types, suggesting the potential site of an underlying can-
cer. Not all paraneoplastic abs have the same sensitivity 
and specificity, hence they can be classified in two cat-
egories according to their clinical relevance: “well char-
acterized abs” and “partially characterized abs” [4]. Simi-
larly, clinical syndromes can be divided into those with a 
high probability of paraneoplastic etiology and those less 
likely associated with underlying cancer, termed “clas-
sical” and “non-classical syndromes” respectively [1, 2, 
5]. The purpose of this paper is to provide clinicians with 
an insight into different clinical scenarios of PNSs, in 

order to highlight the importance of early recognition and 
appropriate treatment, leading to significant reduction of 
mortality and morbidity. Hence, we reported our single-
center experience, and presented illustrative cases of PNSs 
involving CNS, with variable clinical spectrum and differ-
ent radiological appearances. Addressing with this subject, 
we specifically discuss the underlying etiology, parenchy-
mal CNS involvement, and the acute treatment response, 
in order to compare and contrast the variability of their 
etiology, clinical features, management and outcome.

Methods

We compiled a consecutive case series by searching the 
quality control database of the Neurology Department (ND) 
at Polyclinic Hospital of Messina, for PNS cases involv-
ing CNS, and first ever reported between 2015 and 2022. 
The following search terms were used: ICD-9 code 323.9 
[unspecified causes of encephalitis, myelitis and encepha-
lomyelitis (EM)], ‘paraneoplastic’, ‘limbic’, ‘encephalitis’, 
‘rhombencephalitis’, ‘optic neuritis’. Long-term follow-up 
results were used to definitively classify possible or prob-
able PNS. We based diagnosis on the algorithm proposed 
by Graus et al. [4].

Only cases fulfilling PNS Euronetwork criteria [4] for 
definitive PNS were included. These include patients with 
a neurologic syndrome and well-characterized ONAs (anti-
Hu, anti-Yo, anti-CV2, anti-Ri, anti-Ma2, anti-amphiphysin); 
with CNS classical syndromes [encephalomyelitis, paraneo-
plastic limbic encephalitis (LE), subacute cerebellar degen-
eration (SCD), opsoclonus–myoclonus syndrome (OMS)] 
who developed cancer within 5 years; with a CNS nonclas-
sical syndrome [brainstem encephalitis (BE), optic neuritis 
(ON), necrotizing myelitis/myelopathy, and stiff-person syn-
drome (SPS) and variants] that substantially improves after 
cancer treatment; or a non-classical syndrome with ONAs 
who developed cancer within 5 years. Patients with over-
lap syndromes were classified based on their predominant 
neurologic findings. Sensitivity of diagnostic investigations 
[magnetic resonance imaging (MRI), cerebrospinal fluid 
(CSF) analysis] was calculated.

Results

Patient population

A total of 26 probable PNSs cases involving CNS were 
identified. Eleven cases (42.3%) met the criteria of definite 
PNS. The median age at onset was 63 (range 32–80), with a 
male to female ratio of 1:2.66. A larger portion of patients 
(7/11) lacked a known neoplasm at syndrome onset. A new 
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diagnosis of neoplasm or metastatic disease was established 
in ten patients. One patient with definite PNS has not devel-
oped detectable neoplasia to date.

Fifteen cases were excluded because we were unable to 
establish a definitive diagnosis. Five of these patients were 
excluded because of incomplete information.

Neurologic syndromes, ONAs and neoplasms

The spectrum of neurologic syndromes included: LE with or 
without extralimbic involvement (45.5%, 5/11), SCD (18.2%, 
2/11), OMS (9.1%, 1/11), BE (18.2%, 2/11), SPS with cer-
ebellar ataxia (9.1%, 1/11), peripheral neuropathy (2/10) and 
neuromuscular junction disorder (1/10). One patient had 
extralimbic encephalitis (ELE) alone. The median time from 
symptom onset to hospital admission or neuro-oncologic 
consultation was 7 months (range = 0–144 months; n = 11). 
Nearly all cases (72.7%, 8/11) presented less than 12 months 
after symptom onset with a rapidly progressive course. 
ONAs were identified in 90.9% of cases (10/11): anti-Hu 
(two cases), anti-Ma (two), anti-SOX1 (two) and one each of 
anti-Yo, anti-Zic4, anti-CV2/CRMP, anti-GAD65, and anti-
CASPR-2. In one case, two ONAs were found (anti-Hu plus 
anti-SOX1). All the ONA were detected in the serum and 
in the CSF. The following tumors were identified: lung can-
cer (4/11, 36.4%), including small cell lung cancer (SCLC), 
non-SCLC (NSCLC), pulmonary neuroendocrine tumor 
(PNT), and primary lung lymphoma (PLL); lymphoprolif-
erative disorders (2/11, 18.2%); mammary adenocarcinoma 
(MAC, 1/11); seminomatous germ-cell testicular tumor 
(SGCTT, 1/11), transitional cell carcinoma (TCC) of the 
bladder (1/11), and one case of basaloid squamous cell carci-
noma (BSCC) of the anus. Table 1 summarizes salient points 
in terms of diagnostic modalities used, reporting clinical, 
laboratory and radiological features of patients identified 
in our cohort. Table 2 details each case listing the identi-
fied PNSs and related ONAs, the associated neoplasms with 
stage at diagnosis, immunotherapy and response to treat-
ment, disease course, data about time between symptoms 
onset and presentation at ND, and outcomes over time.

We assigned collected data to three laboratory level sce-
narios, considering both high-risk (classical syndromes) and 
intermediate-risk phenotypes (non-classical syndromes), 
respectively.

Scenario 1 – Well‑characterized ONAs

Case 1. A 63-year-old female was admitted to ND for dys-
phagia, progressive visual symptoms, and gait impairment. 
The patient reported, moreover, episodes characterized by 
sudden loss of contact with the environment, marked asthe-
nia and loss of muscle tone lasting a few seconds. She had 
personal history of bilateral MAC, treated with surgery and 

radiotherapy twenty years before, and colorectal adeno-
carcinoma, treated with surgery and chemotherapy four 
years before, without recurrence at follow-up. Neurologi-
cal assessment of the bedridden patient revealed rotational 
nystagmus and diplopia in all directions of gaze, mixed dys-
phagia, severe limb muscle wasting, and areflexia of upper 
limbs. Routine investigation including complete blood count, 
renal and liver function test, viral and tumor markers, urine 
microscopy was within normal limit. Whole-body (WB) 
computed tomography (CT) and positron emission tomogra-
phy (PET) revealed three bilateral lung nodules, mediastinal 
adenopathy and hepatic lesion 7 mm. Brain MRI showed 
limbic and extralimbic involvement (online Fig. 1A). CSF 
cytology showed normal cell count with normal protein and 
serum–CSF glucose ratio. The search of ONAs revealed 
well-characterized anti-Ma2 abs in CSF. Intravenous meth-
ylprednisolone pulse (IvMP, 1 g/day) was given for 5 days 
followed by oral prednisolone 1 mg/kg. She started show-
ing mild improvement in sight and gait, and in radiological 
follow-up (online Fig. 1B).

Case 2. A 32-year-old male, with personal history of psy-
choactive substance abuse and sexually-transmitted diseases 
(Chlamydia Trachomatis), presented diplopia and bilateral 
ptosis, occasional swallowing difficulty, and lower limb 
muscle fatigability. Neurological assessment in ND revealed 
combined vertical gaze ophthalmoplegia, dysphagia, and 
normal deep tendon reflexes. After suspecting myasthenia 
gravis, neurologists administered immunomodulatory and 
symptomatic treatment without improvement. CSF cytol-
ogy showed an increased total protein concentration with 
normal total nucleated cell count. Suspecting Miller Fisher 
syndrome, the patient was treated with high-dose intrave-
nous immunoglobulin (IvIg) therapy, but it was ineffec-
tive. Routine investigation including complete blood count, 
renal and liver function test, viral and tumor markers, urine 
microscopy was within normal limit, except for the detec-
tion of serum abs directed against Borrelia burgdorferi. MRI 
revealed involvement of both oculomotor nerves and the 
pontine tegmentum (Fig. 1A–C). The patient was discharged 
with antibiotic and steroid therapy. The patient presented 
neurological worsening at three months follow-up, show-
ing complete ophthalmoplegia, ataxic gait, lethargy, and 
slurred speech. Repeated MRI (Fig. 1D–F) showed exten-
sion of lesion in the pons. Well-characterized anti-Ma2 abs 
were revealed in CSF. A SGCTT was detected and treated 
with radical inguinal orchiectomy. Following three plasma 
exchange (PlEx) sessions, the patient was discharged with 
slight improvement in speech and gait. After three weeks, 
the patient was admitted again because of new worsening 
of symptoms, complaining of ophthalmoplegia, severe 
dysarthria and dysphagia. We started immunosuppressive 
therapy with Rituximab and administered a complete cycle 
of four 375 mg/kg − 1 day − 1 infusions. Unfortunately, 
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the patient developed sepsis from opportunistic infections, 
caused by Candida parapsilosis and Staphylococcus homi-
nis. He was placed on intermittent non-invasive ventilation 
because of respiratory failure 24 h after percutaneous gas-
trostomy placement, and non-invasive ventilation was con-
tinued for several days. Clinical condition slowly improved, 
with slight improvement in oculomotor deficits and global 
limb weakness, and the patient was finally transferred for 
rehabilitation.

Case 3. A 72-year-old female, affected by HBV-related 
chronic hepatitis, arterial hypertension, and diabetes mel-
litus, had been suffering from fluctuant gait disturbance with 
unsteadiness and loss of balance, since the age of 60. The 
patient had history of bladder TCC, treated three time with 
surgery starting from fifteen years before, and in remission 
after 3-years follow-up. She was admitted to ND for progres-
sion of the gait ataxia, associated with speech disturbances, 
swallowing problems, urine and bowel incontinence. CT 
brain showed pontocerebellar atrophy with enlarged cis-
terna magna. We initially suspected spinocerebellar ataxia 
and started therapy with coenzyme Q10, suspended after 
two months due to lack of benefit. Next generation sequenc-
ing panel with copy number variation and repeat expansion 

analysis (Ataxia Comprehensive Panel) of genes associated 
with spinocerebellar ataxia excluded hereditary forms. CSF 
was negative for virology. She was suspected to be a case of 
SCD, hence paraneoplastic abs were sent which later came 
out to be positive for anti-Yo abs. MRI confirmed rapidly 
progressive cerebellar syndrome (online Fig. 2). Because 
of COVID-19 pandemic situation, the patient has not per-
formed oncological follow-up to date, except for an unre-
markable urinary tract ultrasound examination.

Case 4. A 47-year-old female presented multiple epi-
sodes of Generalized Tonic Clonic Seizures (GTCS) within 
five days. The patient had history of bilateral MAC, pre-
viously treated with surgery and hormonal therapy. After 
tumor recurrence was detected, she had refused further treat-
ment for about a year. She was admitted to ND with status 
epilepticus with postictal stupor. She was given injectable 
Midazolam followed by Levetiracetam. Electroencephalog-
raphy (EEG) revealed diffuse theta and delta waves, mixed 
with spikes. MRI brain showed long TR hyperintensities 
involving frontal and occipital lobes (Fig. 2). We started 
steroid therapy associated with acyclovir. Frequency and 
duration of seizures decreased. CSF was negative for virol-
ogy. She was suspected to be a case of encephalitis probably 

Fig. 1  Case 2. Brainstem encephalitis associated with anti-Ma2 abs 
and testicular seminoma. MRI showing a smooth long TR hyperin-
tensity in the pontine tegmentum, with axial FLAIR A; T1-weighted 
contrast enhancement of both oculomotor nerves B, coronal plane; 
C, axial plane). Repeated MRI showed the long TR hyperintensity 

in the pontine tegmentum more evident and extended D; persisting 
T1-weighted contrast enhancement of both oculomotor nerves (E, 
coronal plane; F, axial plane), with a slight reduction of left III cra-
nial nerve swelling (red arrow) (colour figure online)
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autoimmune, and indeed serum and CSF were positive for 
anti-CV2/CRMP abs. WB-CT and PET revealed multiple 
hepatic and pulmonary metastasis. Repeated MRI showed 
decreased lobar involvement (online Fig. 3). The patient pre-
sented neurological improvement, despite residual weakness 
in both arms and paraplegia. Unfortunately, she refused fur-
ther oncological follow-up.

Case 5. A 45-year-old male, with personal history of 
visceral leishmaniasis and orchiepidimitis, presented swal-
lowing problems, speech disturbances, and progressive 
gait impairment. Neurological assessment in ND revealed 

dysphagia, mild dysarthria, and ataxic gait. Routine inves-
tigation including complete blood count, renal and liver 
function test, viral and tumor markers, urine microscopy 
was within normal limit. WB-CT and PET revealed hilo-
mediastinal adenopathy. MRI showed brainstem, cerebel-
lar, limbic and extralimbic involvement at different times 
(online Figs.  4–5). EEG showed sporadic diffuse beta 
activity within a background of alpha rhythm. CSF cytol-
ogy showed normal cell count with normal protein and 
serum–CSF glucose ratio. Well-characterized anti-Hu abs 
were detected in CSF. IvMP (1 g/day) was given for 5 days 

Fig. 2  Case 4. Extralimbic encephalitis associated with anti-CV2 abs 
and mammary adenocarcinoma relapse. MRI brain showing axial 
DWI (A1-A2-A3) and FLAIR (B1-B2-B3) hyperintense signal in 
frontal and occipital lobes, mainly in the right side. In addition, long-

TR hyperintense sequences showed signal involving right basal gan-
glia and pulvinar (A1-B1). Hyperperfusion signal is evident in right 
frontal and occipital lobes on pcASL (C1-C2-C3) Fig.  3
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followed by oral prednisolone 1 mg/kg. He started showing 
dramatic improvement in speech and gait. Repeated brain 
MRI showed almost complete regression of long TR hyper-
intensities. After 18 months of follow-up, primary tumor has 
not been found to date.

Case 6. An 64-year-old woman, with no significant 
past or medical history, presented with subacute onset of 
limb numbness, mainly involving both legs, and gastro-
intestinal disorders (diarrhea, vomiting after meals, and 
marked weight loss), for six months. She was admitted to 
ND because of first episode of GTCS. Neurological assess-
ment showed ataxic gait, and hypoesthesia in both legs and 
right arm. Routine investigation was normal except severe 
hyponatremia refractory to hypertonic saline. Brain CT 
and MRI revealed left hippocampal-amygdala involvement 
(Fig. 3A–D; online Fig. 6). WB-CT and PET revealed partly 
colliquated mediastinal mass. Paraneoplastic syndrome was 
suspected, including limbic encephalitis, syndrome of inap-
propriate antidiuretic hormone secretion (SIADH) and pre-
dominantly axonal sensitive neuropathy. Sample for detec-
tion of paraneoplastic abs was sent, detecting both anti-Hu 
and anti-SOX1 abs. FBS/EBUS was performed and high-
grade PNT was detected (BCL-2 positive). The patient was 
transferred to oncology department for treatment, where 

chemotherapy was administered. Follow up MRI showed 
mesial temporal lobe atrophy (Fig. 3E-F).

Scenario 2 – Partially‑characterized ONAs

Case 7. A 75-year-old female was admitted to Stroke Unit 
because of sudden onset of speech disturbance. She was a 
former smoker affected by toxic multinodular goiter, ulcer-
ative colitis, arterial hypertension and atrial fibrillation, 
treated with direct oral anticoagulant. Neurological assess-
ment showed slight right facial weakness and fluent aphasia 
(NIHSS 4). MRI showed DWI-FLAIR hyperintense signals 
in parietal and temporoinsular region on the left side (online 
Fig. 7). Hence, the diagnosis at presentation was cardioem-
bolic stroke, but MRA did not reveal flow obstruction. On a 
more in-depth anamnestic questioning, the patient’s relatives 
revealed that she has been suffering from behavior distur-
bances with agitation, hallucinations and cognitive decline 
since four years. In addition, two years earlier, the patient 
was treated with chemotherapy and radiotherapy because of 
anus BSCC. Routine blood chemistry was normal and viral 
markers were negative. EEG showed sharp slow waves in 
both hemispheres. CSF was normal. The search of ONAs 
revealed well-characterized anti-SOX1 abs in CSF. IvMP 

Fig. 3  Case 6. Limbic encephalitis associated with double onconeural 
antibodies positivity (anti-Hu and anti-SOX1) and lung neuroendo-
crine cancer. Brain CT revealed partial sulcal effacement of the left 
temporal lobe, adjacent to the temporal horn A. MRI brain showed 

FLAIR hyperintense signal in left hippocampal-amygdala formation 
B-C, coronal plane; D, axial plane). Follow up MRI revealed mesial 
temporal lobe atrophic regression on DWI E and FLAIR F axial 
planes
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(1 g/day) was given for 5 days followed by oral prednisolone 
1 mg/kg. She started showing mild improvement in sight 
and gait. Repeat brain MRI showed reduction of long TR 
hyperintensities. Unfortunately, after discharge we lost the 
patient to follow-up.

Case 8. A 67-year-old male had suffered from fluctuant 
symptoms for a month, consisting in bilateral eyelid ptosis, 
dysphagia, mild dysarthria, and hypophonia. The patient 
presented afterwards unsteady gait, and erectile dysfunc-
tion. ACHR negative myasthenia gravis was diagnosed using 
Single-Fiber Electromyography and Repetitive Nerve Stimu-
lation, with evidence of nodular formation in the mediastinal 
CT chest. Thus, treatment with pyridostigmine, prednisone 
and azathioprine has been started, followed by resolution 
of ptosis and dysphagia. After few months, the patient was 
admitted to hospital for dyspnea due to massive pneumoni-
tis. The patient was transferred to ND for the persistence of 
unsteady gait and dysarthria. MRI brain showed a cerebellar 
hyperhintense signal, with marked atrophy (online Fig. 8). 
The patient showed ataxic vermian and hemispheric syn-
drome with signs of impairment of I and II motor neuron, 
autonomic dysfunction and diffuse encephalopathy. He was 
positive for CSF anti-Zic4 receptor abs, associated with 
SCD. CECT thorax, abdomen and pelvis were done to screen 
for underlying malignancy. Advanced PLL was revealed, and 
repetitive hepatic lesions were detected, too. The patient was 
referred to oncology department, in order to start chemo-
therapy. However, after discharge the patient did not show 
for follow-up assessment.

Case 9. A 78-year-old female was admitted several times 
to ND because of progressive worsening of multidirectional 
nystagmus, gait impairment, and behavioral disturbances, for 
about two years. The patient had a history of several confu-
sional episodes with vomit and diarrhea, followed by visual 
blurring, dizziness, and two tonic–clonic seizures associated 
with metabolic acidosis, treated with Levetiracetam. She was 
a former smoker affected by primary membranous nephropa-
thy (aPLA2Rab), atherosclerotic stenoses of both carotid 
arteries with chronic cerebrovascular disease and subcorti-
cal atrophy, arterial hypertension, ischemic cardiomyopathy. 
Neurological assessment showed cognitive impairment with 
persecutory and jealousy delusional thinking, multidirec-
tional saccadic eye movements (opsoclonus), involuntary 
muscle contractions (myoclonus), and truncal ataxia asso-
ciated with akinesia, tremor, rigidity, hyperreflexia. MRI 
showed multiple lesions in the periventricular, subcortical, 
and infratentorial white matter (online Fig. 9), presumably 
related to chronic small vessel ischemic changes. Initial 
routine blood chemistry was normal, while tumor markers 
screening showed persistent positivity of serum CA19-9. 
EEGs obtained during opsoclonus, showed sharp slow waves 
in both hemispheres, without epileptiform activity. CSF was 
normal. The search of ONAs revealed partially characterized 

anti-CASPR2 abs in CSF. IvMP (1 g/day) was given for 
5 days followed by oral prednisolone 1 mg/kg. She started 
showing mild improvement in sight and gait. Repeated brain 
MRI showed stable long TR hyperintensities. WB-CT and 
PET performed after symptoms onset two years before 
were unremarkable, but repeated assessment revealed hilo-
mediastinal adenopathy, associated with subpleuric "ground 
glass" parenchymal opacities in both lungs, and a parenchy-
mal consolidation in the dorsal and basal region of left lung. 
Unfortunately, the patient developed a severe respiratory 
impairment, associated with an acute kidney impairment 
and electrolyte imbalances, leading to death before further 
investigation could be performed.

Case 10. A 63-year-old female had suffered from fluctu-
ant symptoms for three months, consisting in dizziness and 
nausea, associated with progressive unsteadiness and loss of 
balance. The patient had a history of arterial hypertension, 
chronic cerebrovascular disease, primary biliary cirrhosis, 
and systemic lupus erythematosus with lupus nephritis. 
Chest CT scan revealed a mediastinal mass, but WB-CT and 
PET were unremarkable. Nevertheless, thymic and lymph 
node biopsies confirmed the diagnosis of unicentric hyaline 
vascular Castleman’s disease. MRI brain showed a slight 
hyperhintense signal in the superior vermian cortex, associ-
ated with mild cerebellar and hippocampal atrophy (Fig. 4). 
Neurological assessment revealed limb plastic hypertonia 
and vermian ataxia, associated with rotational nystagmus, 
severe dysarthria, and dysdiadochokinesia in the upper 
limbs. She was positive for CSF anti GAD65 abs, associated 
with cerebellar ataxia and stiff-person syndrome. The patient 
was treated with high dose IvIg therapy. Unfortunately, the 
patient developed sepsis from Serratia marcescens, but clini-
cal condition slowly improved. After five days, the patient 
had a slight improvement in dizziness and limb hypertonia, 
and she was finally transferred for rehabilitation, starting 
treatment with prednisone (12.5 mg/die) and methotrexate 
(10 mg/week).

Scenario 3 – Negative ONAs

Case 11. An 80-year-old female, affected by diabetes 
mellitus and chronic lymphocytic leukaemia (CLL), 
presented progressive asthenia, fatigue, loss of appetite, 
severe weight loss within two months. After the onset of 
confusional state, she underwent MRI, which showed a 
right temporal lesion, suspected for intracerebral leuke-
mic infiltration (online Fig. 10). However, hemato-onco-
logical assessment excluded correlation between CLL 
and brain involvement. Thus, the patient was admitted to 
ND, showing mild soporous state (GCS 13). EEG showed 
background of diffuse, arrhythmic, and polymorphic theta-
delta brain activity. Repeated MRI showed new long-TR 
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hyperintense signals involving several and bilateral corti-
cal, subcortical, and infratentorial areas (online Fig. 11). 
CNS paraneoplastic involvement was suspected. CECT 
thorax, abdomen and pelvis were done to screen for under-
lying malignancy. Laboratory exams revealed refractory 
hyponatriemia, due to SIADH. CSF examination was nor-
mal and was negative for viruses. Sample for detection of 
paraneoplastic (Anti-Hu, Anti-Yo, Anti-Ri, Anti-Ma 1/2, 
Anti-CRMP-5 and Anti-amphiphysin) and VGKC abs was 
sent, which later came out to be negative. The patient was 
treated with pulse desametasone (8 mg/day) over seven 
days, and then IvMP (500 mg/day) over three days fol-
lowed. Tolvaptan was administered for SIADH. Fluctua-
tion of consciousness persisted after which she was given 
ibrutinib, with progressive but persistent improvement of 
symptoms. Unfortunately, the patient died few months 
later, because of CLL relapse.

Discussion

Laboratory findings and underlying malignancies

PNSs have an incidence of 0.25–3% in cancer patients 
presenting to tertiary care referral centers and a popula-
tion-based incidence of 2–3 cases per million person-years 
[6]. In this study, we reported our single-center experi-
ence, and presented eleven illustrative cases (ten auto-abs 
positive, and one auto-abs negative) of PNSs involving 
CNS, with variable clinical spectrum and different radio-
logical appearances. The laboratory findings in the present 
case series revealed that most patients received a clinical 
diagnosis with ONAs (10/11), whereas the most common 
PNSs (i.e. SCLC associated anti-Hu syndrome) were less 
frequently detected than expected from previous studies 
[6, 7]. This may reflect a referral bias in our community.

Fig. 4  Case 10. Stiff-person syndrome and cerebellar ataxia with anti-
GAD65 abs and thymoma. MRI revealed FLAIR (A1, axial view; A2, 
sagittal view) slight hyperhintense signal in the superior vermian cor-
tex (red arrowheads), associated with mild cerebellar and hippocam-

pal atrophy. T1-weighted contrast-enhanced MRI (B1, axial view; B2, 
sagittal view) did not reveal contrast enhancement in the very same 
territory (colour figure online)
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ONAs characterized in large and independent patient 
cohorts are called “well characterized”, and comprises 
anti-Hu (or ANNA1), anti-Yo (PCA1), anti-Ma2, anti-Ri 
(ANNA2), anti-CV2/CRMP5, amphiphysin, and Tr/DNER 
(target antigen recently identified as being the Delta/Notch-
like epidermal growth factor-related receptor, DNER) [1, 5]. 
These abs and corresponding antigens have been character-
ized by different laboratories and reported in large series 
of patients with PNSs. Their presence strongly favors the 
diagnosis of PNSs even if no tumor is found at initial evalu-
ation. Furthermore, they can be very specific for some syn-
dromes [1].

Concerning our case series, well-characterized ONAs had 
been detected in CSF of six patients.

The detection of these abs was crucial for the PNSs diag-
nosis among the patients presenting a CNS nonclassical syn-
drome. As a matter of fact, case 2 presented BE associated 
with anti-Ma2 abs, raising differential diagnostic concerns 
with neuromuscular junction disorders and cranial nerve 
variant of Guillain-Barré syndrome spectrum. Co-detection 
of Borrelia burgdorferi made diagnosis even more chal-
lenging, because a subset of patients with neuroborreliosis 
may develop a BE with a typical clinical course and distinct 
MRI findings [8]. Nevertheless, targeted antimicrobial ther-
apy failed, since the patient's clinical conditions worsened, 
and PNS was suspected. Anti-Ma2 abs have well-described 
associations with testicular germ cell tumors, but semino-
mas have been described, too [1, 3, 9]. These patients might 
develop vertical gaze paresis that can sometimes progress to 
total external ophthalmoplegia [10]. Case 4 developed ELE 
associated with anti-CV2 abs and MAC relapse, as previ-
ously reported [3, 11]. Patients with anti CV2/CRMP5 abs 
more often develop chorea, uveitis, optic neuritis, and senso-
rimotor axonal neuropathy [1, 12]. Case 5 had anti-Hu asso-
ciated BE [3, 11, 13], but screening for SCLC and testicular 
tumors has been negative to date. As above-mentioned, non-
classical PNS can be defined in presence of well-character-
ized ONAs, even without cancer detection [4]. If no tumor 
is detected at the time of PNS diagnosis, cancer surveillance 
should be done every 6 months for 4 years in PNS with 
ONAs [14]. Recently, Graus et al. [15] proposed three lev-
els of diagnostic certainty (possible, probable, and definite 
PNS) based on a scoring system (PNS-Care Score) that con-
siders the type of clinical phenotype, presence or absence of 
ONAs, and presence or absence of cancer. According to new 
proposed criteria, if no cancer was found after > 2 years, the 
diagnosis could be downgraded to possible.

Considering CNS classical syndromes, case 3 presented 
anti-Yo abs–mediated SCD. Anti-Yo is the antibody most 
frequently identified with the syndrome, especially in post-
menopausal women, and it is associated with a very poor 
prognosis [15, 16]. The tumors more frequently involved are 
breast and ovarian cancer [3, 15]. Nevertheless, bladder TCC 

had been described also in patients presenting with SCD and 
anti-Yo abs response, whenever ovarian, adnexal, uterine, 
or breast cancer cannot be detected [17, 18]. Classical LE 
was the presentation of case 1 and 6. Case 1 had limbic 
and extra-limbic involvement associated with anti-Ma2 and 
NSCLC, according to previous findings [3, 11]. Anti-Ma2 
abs manifestations include a syndrome that affects limbic 
structures (seizures, amnesia), the diencephalon (hyperpha-
gia, hypersomnia, narcolepsy, cataplexy, endocrinopathy), 
and the upper brainstem (hypokinesis, rigidity, vertical gaze 
palsy) [1, 9]. Case 6, on the other hand, presented LE associ-
ated with double ONAs positivity (anti-Hu and anti-SOX1). 
The presence of anti-Hu had been described in previous 
studies in association with neuroendocrine tumors [3, 19]. 
SOX1 abs have been considered well-characterized ONAs in 
association with PNSs and SCLC, especially Lambert–Eaton 
myasthenic syndrome (LEMS) [2, 5]. They do not appear 
to have a strong association with a particular neurological 
phenotype, but seem to be cancer-specific serological bio-
markers [20]. In a recent review, Sun et al [21] identified 
PNSs in 67.3% of the patients with anti-SOX1 abs and other 
coexisting ONAs, and in 21.2% of those with anti-SOX1 
abs alone. Coexisting neuronal ONAs were not uncommon 
in patients with anti-SOX1 abs, being the association with 
anti-Hu the most frequent [21].

Actually, a classical LE was associated with anti-SOX1 
abs alone in case 7. Apart from SCLC, anti-SOX1 could be 
detected in multiple cancers (prostate, penis, cecum, liver, 
and NSCLC) [22]. They could be associated with SCD, LE, 
and neuropathy, but, aside from LEMS, they are consid-
ered partially characterized ONAs [21]. In contrast to well-
characterized ONAs, partially characterized abs are those 
for which there is limited clinical experience or the target 
antigen is unknown. Until better characterization occurs, 
they are of limited diagnostic value, although management 
of patients with these abs should be similar to those with-
out paraneoplastic abs, including a comprehensive evalu-
ation to rule out other possible causes [1]. Their detection 
increases the suspicion of underlying tumor, but diagnosis 
of a paraneoplastic syndrome should not be based solely 
on their finding [5]. Therefore, we could defined PNS only 
after the detection of a basal squamous carcinoma of anus 
in this patient. Concerning other classical CNS syndromes, 
case 8 had SCD with anti-Zic4 abs, which are partially-
characterized ONAs mostly associated with SCLC [2, 5]. 
Nevertheless, they have been described also in Hodgkin 
and non-Hodgkin lymphomas [1]. In case 9, we described 
OMS associated with anti-CASPR2 abs and presumptive 
lung cancer, suspected after repeated WB-PET/CT exami-
nation. Paraneoplastic OMS have commonly revealed long-
TR MRI hyperintensities in the pons and white matter [23, 
24]. Adult cancers associated with OMS include SCLC with 
NSCLC and gynecologic tumors less frequently identified 



1367Acta Neurologica Belgica (2023) 123:1355–1369 

1 3

[15]. CASPR2-IgG can manifest as Morvan’s syndrome, 
peripheral nerve hyperexcitability, LE, cerebellar dys-
function, painful small-fiber neuropathies associated with 
neuropathic pain, or epilepsy [1, 5, 20]. CASPR2-IgG is 
associated with thymomas in about 20% of cases [1, 15], 
though other tumors have been reported rarely (melanomas, 
NSCLC, prostatic cancer, endometrial carcinoma, and pan-
creatic adenocarcinoma) [20, 25]. Recently, Rosenow et al. 
proposed a novel association between Caspr2 abs in a patient 
with mixed NSCLC-SCLC [23].

Nonclassical SPS and cerebellar ataxia were detected 
in case 10, associated with anti-GAD65 abs and thymoma. 
Paraneoplastic SPS is mostly associated with amphiphy-
sin abs and breast cancer, while nonparaneoplastic SPS is 
usually associated with GAD65 abs [15, 26]. Nevertheless, 
some patients with anti–GAD65-associated SPS may have 
cancer, and actually multiple tumor types reported in indi-
vidual patients (SCLC, breast, thymoma, neuroendocrine, 
lymphoproliferative disorders) [15, 17, 26]. Risk of under-
lying tumor is higher in males, increases with age, if pres-
entation is a classic PNS, different from SPS or cerebellar 
ataxia, and association with ONAs against neuronal surface 
antigens (NSAbs), especially anti-GlyR abs associated with 
progressive encephalomyelitis with rigidity and myoclonus 
[1]. The response to treatment is variable, which might be 
explained by possible mixed T cell and abs-mediated patho-
genic mechanisms [1]. Recently, Lee and Le described a 
new association between immune-mediated cerebellitis and 
Castleman’s disease, a heterogeneous lymphoproliferative 
disorder of unknown etiology that can be associated with 
HIV, lymphoma, POEMS syndrome, paraneoplastic pem-
phigus and plasma cell dyscrasias [27, 28].

Finally, a classical LE was detected in absence of ONAs 
in CSF of case 11. Recent studies indicate that most LE 
cases previously considered ‘seronegative’ have NSAbs [29]. 
However, in world reference laboratories at least 7% of clini-
cally definite LE are abs-negative to date [30]. For example, 
anti-NMDAR encephalitis, which is probably the most fre-
quent form of NSAbs-associated encephalitis (NSAE), is 
often negative [31]. Abs-negative AE are mainly diagnosed 
after exclusion of other disorders, and therefore tend to have 
a poorer prognosis because of delayed treatments [32]. In 
addition, our patient was previously treated with Ibrutinib, 
which has been proven to penetrate the CNS at clinically 
effective levels by using a standard therapeutic oral dose. 
In the context of CNS paraneoplastic involvement, the sup-
pression of ONAs secretion by neoplastic B-lymphocytes is 
a plausible mechanism of action [33].

Diagnostic sensitivity

CSF pleocytosis with early analysis (< 2  months) [34] 
should appear more sensitive than neuroimaging, where 

findings can be delayed [6]. In our case series, only two 
patients (case 4 and 11) performed an early analysis, but 
previous tumor directed therapy might have suppressed CSF 
pleocytosis or even ONA detection, as previously discussed. 
Only one case (case 2) presented CSF pleocytosis, despite 
the late analysis, raising the above-mentioned differential 
diagnosis problems.

MRI findings depend on time of analysis, with vari-
ous abnormalities detected at different times, even in the 
same patient [6]. Specifically, long time of repetition (TR) 
sequences and T1-weighted contrast-enhanced MRI are 
mandatory in order to determine CNS involvement of PNSs 
[35]. In addition MRI perfusion studies may demonstrate 
marked abnormalities, showing increased cerebral blood 
flow in the affected area even before the detection on con-
ventional MRI, which might present normal or slightly 
abnormal findings (see Fig. 2 and online Fig. 7) [36]. As a 
matter of fact, 3D pseudocontinuous arterial spin labeling 
(pcASL) may be useful in demonstrating perfusion reduction 
after therapy (online Fig. 3) [36].

Treatment outcomes and survival

Treatment of PNSs should be closely coordinated with an 
experienced care team, including an oncologist, neurologist, 
and surgeon if necessary [3]. Empiric treatment algorithms 
elaborated in published opinions and consensus guidelines 
should be followed, meanwhile therapeutic guidelines from 
prospective clinical trials are lacking [15, 37]. Success-
ful treatment of PNSs with ONAs directed to cell surface 
membrane antigens has been reported following the use of 
steroids, PlEx, IvIg, and corticosteroid-sparing immuno-
suppressive agents, with marked patient improvement [38, 
39]. Nevertheless, uniformity of treatment is lacking, even 
within the given series, and it is still unclear what might 
be the actual effect of these treatments on lymphocyte-
mediated pathophysiology in PNSs [17]. In addition, tim-
ing is another critical point for treatment outcome, whereas 
most series reported that immunotherapy was started after 
weeks or months from symptom onset [17, 40]. Concerning 
PNSs with ONAs direct to intracellular neuronal antigens, 
such as anti-Yo or anti-Hu, neurological deficits result from 
immune-mediated neuronal death, and clinical symptoms 
manifest as neuronal reserve is exhausted [17]. As a result, 
these cases do not significantly improve, and therefore time 
is of the utmost importance in initiating treatment [6, 17].

In our case series, only two patients (case 2 and 6) had 
a poor response to immunotherapy. In case 2, it mainly 
depended on intercurrent opportunistic infection (see Clini-
cal scenario in supplemental text). As mentioned before, 
the response to treatment in patients harboring anti-Hu and 
anti-Yo ONAs is greatly disappointing [6], and therefore it 
comes as no surprise the lack of improvement both in case 
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6 (with double ONAs positivity) and in case 3 (untreated). 
Nevertheless, with an early PNS diagnosis, these patients 
may have a long-term survival and benefit from a more 
favorable outcome, because of the limited stage cancer and 
the immunologic response to the onconeural antigen, which 
may have an anti-tumor effect [6, 41]. Considering the over-
all survival, two patients died at the end of follow-up (case 9 
and 11), because of systemic complication leading to death 
(see Clinical scenario in supplemental text). Specifically, 
about seronegative PNSs as in case 11, prospective stud-
ies are required in order to determine whether timely treat-
ments can improve prognosis and which therapeutic strategy 
should be used [30].

Finally, we could perform definitive diagnosis of PNS 
only after several months in the majority of cases, support-
ing the importance of the immunomodulatory therapy before 
the investigations were completed.

Limitations

The study is based on a single center experience, which 
makes it difficult to avoid possible biases. There are sev-
eral limitations in the current investigation. First, the very 
small number of patients and the retrospective design of the 
investigation are clear limitations. Secondly, since 19.2% 
of the original cases were excluded because of incomplete 
information, our nosographic picture of PNSs involving 
CNS may be biased. Thirdly, approximately two-thirds of the 
patients underwent neuronal Ab screening with commercial 
diagnostics only, with possible exclusion of some patients 
with non-classical syndrome. The institutional laboratory 
methods could detect only ONAs directed against intracel-
lular-neuronal antigens, whereas we sent samples to different 
laboratories for them to test ONAs directed against neuronal 
receptors or other cell membrane antigens. Therefore, some 
small interlaboratory bias might have occurred. Fourthly, 
the response to immunosuppressive treatments was judged 
a posteriori according to each treating physician’s opinions. 
We could not achieve the uniformity of treatment within 
this case series, according to the previous studies, because 
of the lack of guidelines from prospective clinical trials, as 
previously discussed.

Conclusion

Our study offers a practical approach with real-world clinical 
examples of PNSs involving CNS, also underlying common 
misdiagnosis or diagnostic delays related to differential diag-
nosis, since the decision-making process may be challeng-
ing in the acute care setting. Hence, we support the utmost 
importance of early recognition of PNSs involving CNS in 

order to prevent unfavorable outcome, such as devastating 
neurologic disability or death. Actually, PNSs can be readily 
detected through the recognition of the clinical syndrome 
and modern diagnostic techniques. Experienced laborato-
ries are fundamental to the most accurate auto-abs diagnos-
tics [42]. Screening for occult malignancies should not be 
limited to patients with classical CNS syndrome, because a 
prompt treatment of the underlying malignancy is extremely 
important in the overall patient outcome. Late presentations 
should not discourage initiation of treatment, even over the 
period of follow-up, whenever the disease presents a relaps-
ing course. Empiric immunomodulatory therapy may have 
to be considered before the medical evaluation is completed, 
because of the high PNS-associated neurological morbidity 
and mortality.
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