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Abstract

 Introduction—Voltage-gated calcium channel-autoimmunity (VGCC-P/Q-type and VGCC-N-

type) occurs beyond Lambert-Eaton syndrome and lung cancer.

 Methods—We reviewed records for 236 Mayo Clinic patients with VGCC antibodies found in 

evaluation for paraneoplastic neurological autoimmunity (generally without myasthenic 

syndromes).

 Results—VGCC autoantibodies were detected in 3.4% of neurological patients, 1.7% of 

healthy controls, and 4% of neurologically-asymptomatic lung cancer controls. Fifty neurological 

patients (21%) had ≥1 neoplasm, historically (46) or detected prospectively [small-cell lung 

carcinoma (2), breast adenocarcinoma (2), lymphoma (1), and suspected tonsillar carcinoma (1)]. 

Autoimmune neurological diagnosis frequencies (encephalopathy, ataxia, myelopathy, neuropathy, 

neuromuscular junction disorder, and myopathy) among patients with medium values (24%; 0.10–

0.99 nmol/L) or low values (19%; 0.03–0.10 nmol/L) were fewer than among patients with 

antibody values exceeding 1.00 nmol/L (71%; P=0.02 and 0.004, respectively).

 Discussion—Among neuronal VGCC-autoantibody-seropositive patients, autoimmune 

neurological phenotypes and cancer-types are diverse. Cautious interpretation of results 

(particularly medium and low values) is advised.
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 INTRODUCTION

Voltage-gated calcium channels of P/Q-type (VGCC-P/Q) and N-type (VGCC-N) are targets 

of IgG-mediated motor nerve terminal autoimmunity in Lambert-Eaton syndrome (LES). 

Early supportive evidence included structural alterations of calcium channel-enriched 

presynaptic membranes in freeze-fracture electron microscopic images and disruption by 

LES patient serum of depolarization-dependent calcium influx in cultured small-cell 

carcinoma cells and murine motor nerve terminals.1–3 The snail-derived omega neurotoxins 

MVIIC and GVIA specifically antagonize P/Q- and N-type calcium channels, 

respectively.4,5 Radiolabeling of these high affinity peptide antagonists permitted 

development of radioimmunoassays for antibody detection.4,6,7 VGCC-P/Q antibodies are 

detectable in more than 90% of non-immunosuppressed patients with LES, and VGCC-N 

antibodies are detected in 73% of paraneoplastic cases (and 36% of non-paraneoplastic 

cases).6 A spectrum of VGCC-antibody-associated neurological disorders beyond LES has 

been supported by the Mayo Clinic Neuroimmunology Laboratory’s subsequent service 

serological experience of patients referred for paraneoplastic evaluation.6 Here we describe 

the frequency of VGCC-P/Q and VGCC-N antibody seropositivity in patients referred for 

paraneoplastic antibody evaluation on a service basis at the Mayo Clinic (not restricted to a 

neurological phenotype), as well as the frequency and spectrum of oncological, neurological, 

and serological accompaniments during a 24-month period. We also determined the 

frequency of neuronal VGCC-antibodies in serum of 2 control groups: healthy persons, and 

neurologically-asymptomatic patients with lung cancer.

 PATIENTS & METHODS

The study was approved by the institutional review board of Mayo Clinic, Rochester, MN 

(IRB 14-5646). From July 1 2011 to June 30 2013, service paraneoplastic autoantibody 

evaluation of serum from 6842 patients seen at Mayo Clinic (Rochester Minnesota) yielded 

236 positive results for VGCC-P/Q or VGCC-N antibody (3.4%).

 Control subjects

Serum samples were available for: 1) 173 healthy residents of Olmsted County, Minnesota, 

who were of similar age and gender distribution to our patient referrals (collected in 2005), 

97 were women (56%), and median age of serum draw was 52 years (range, 18–83 years); 2) 

245 neurologically-asymptomatic patients with primary lung cancer [treatment-naïve, 

identified from the Mayo Clinic Epidemiology and Genetics of Lung Cancer Research 

registry, enrolled 1999 to 2005 (small-cell lung carcinoma, 35; adenocarcinoma, 70; 

squamous carcinoma, 70; other lung cancer types, 70)]8; 3) 202 patients consecutively 

referred for the paraneoplastic evaluation, but were seronegative (2004–2005).9
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 Clinical evaluation

N.Z. and A.M. reviewed the electronic medical record of all seropositive patients. This 

included history and examination findings, laboratory values, imaging findings, results of 

electrophysiological tests (electromyography, electroencephalography, and autonomic 

studies) and cerebrospinal (CSF) results. N.Z. and A.M. also confirmed the neurological 

diagnosis made by an evaluating Mayo Clinic neurologist.

 Serological evaluation

VGCC antigens were solubilized in non-denaturing detergent (digitonin) from cerebral 

cortical membranes (porcine for VGCC-N; combined porcine and rabbit for VGCC-P/Q) 

and tagged by complexing with 125I–labeled ω-conopeptide GVIA or MVIIC, respectively. 

Antibodies were detected by radioimmunoprecipitation using goat anti-human 

immunoglobulin (IgG/IgM) as precipitant. Positive sera were re-evaluated in the course of 

this study comparing anti-human IgG/IgM and anti-human IgG as precipitants; values 

obtained were not significantly different from those originally obtained using a goat anti-

human IgG/IgM precipitant, which are reported here. Results are expressed in terms of 

precipitated 125I-ω-conopeptide (nanomoles per liter of serum), after subtracting the value 

precipitated by healthy control sera, and repeating the assay with 125I-ω-conopeptide alone 

to eliminate false positive results.10

For antibody-positive patients, clinical/laboratory correlations were analyzed according to 

antibody value: high (VGCC-P/Q and VGCC-N, 1.00 nmol/L or greater), medium (VGCC-

P/Q and VGCC-N, 0.10–0.99 nmol/L), and low (VGCC-P/Q, 0.03–0.09 nmol/L; VGCC-N, 

0.04–0.09 nmol/L).8 Values of 0.00–0.02 nmol/L (VGCC-P/Q antibody) and 0.00–0.03 

nmol/L (VGCC-N antibody) are considered normal. We compared the frequency of 

neurological diagnoses and cancers among patients and seronegative controls, and 

autoimmune diagnoses among antibody value groups using the Fisher exact test (P < 0.05 

was considered significant).

All sera were evaluated additionally at time of clinical evaluation by: 1) standardized 

immunofluorescence assays for IgG autoantibodies of the following specificities: anti-

neuronal nuclear (ANNA)-1, -2, -3; amphiphysin; Purkinje cell cytoplasmic -1, -2, and -Tr; 

collapsin response-mediator protein (CRMP)-5; anti-glial/neuronal nuclear (AGNA)-1; n-

methyl-D-aspartate (NMDA) receptor (GluN1 subunit); a-amino-3-hydroxy-5-methyl-4-

isoxazole propionic acid [AMPA receptor (GluA1 and GluA2)]; and gamma-aminobutyric 

acid (GABAB) receptor; 2) radioimmunoprecipitation assays for antibodies targeting 

neuronal voltage-gated potassium channel (VGKC)-complexes, muscle (α1) nicotinic 

acetylcholine receptor, and neuronal ganglionic (α3) acetylcholine receptor; and 3) enzyme-

linked immunosorbent assay for striational antibodies. For the purpose of this study, we 

additionally performed cell-based assays using human embryonic kidney-293 cells 

transfected with appropriate expression plasmids to detect antibodies targeting NMDA 

receptor, AMPA receptor, and GABAB receptor (Euroimmun, Lübeck, Germany). Assays 

for muscle acetylcholine receptor modulating antibody, muscle-specific kinase (MuSK) 

antibody, leucine-rich-glioma-inactivated-1 (Lgi1) and contactin-associated protein-2 
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(CASPR2) IgGs, and glutamic acid decarboxylase 65-isoform (GAD65) antibody were not 

performed on all sera, but their detection frequencies are reported for patients tested.

 RESULTS

 Control subjects

Calcium channel antibodies were detected in 3 of 173 healthy control subjects (1.7%) and 10 

of 245 neurologically asymptomatic patients with lung cancer (4%). Two healthy controls 

had VGCC-P/Q antibody (0.10 and 0.18 nmol/L), and 1 had VGCC-N antibody (0.05 

nmol/L). Among the 10 lung cancer patients, 3 had VGCC-P/Q antibody (median value, 

0.03 nmol/L; range, 0.03–0.52) and 8 had VGCC-N antibody (median, 0.05 nmol/L, range 

0.04–0.13); 1 patient had both antibodies. Their carcinomas were squamous cell (4), non-

small-cell, not otherwise specified (3), small-cell (2), and adenocarcinoma (1).

 Neurological patients

One or both VGCC antibodies were detected in 236 of the 6842 patients tested (3.4%; 

VGCC-P/Q only, 142; VGCC-N only, 73; both, 21). None of neurological phenotype, 

autoimmune diagnosis, or cancer type could be predicted by calcium channel antibody 

profile (VGCC-P/Q, VGCC–N, or both). Fifty-two percent of the seropositive patients were 

women. Oncological, neurological, and serological accompaniments of seropositivity are 

summarized in Supplementary Table S1 (available online), and Tables 1 and 2, respectively. 

The median age at neurological symptom onset was 57 years (range 9–87 years). The 

median Mayo Clinic follow up period after initial evaluation was 7 months (range, 0 to 156 

months).

 Oncological associations

Cancer occurred in 50 of 236 VGCC antibody seropositive neurological patients (21%, 46 

had a history of cancer, and 6 had a new cancer found) and 34 of 202 seronegative controls 

(17%, all had a history of cancer only), P = 0.27. The neoplasms encountered among the 

patients are listed in Table S1 and are categorized according to antibody titer. Monoclonal 

gammopathy of undetermined significance and skin malignancies other than melanoma were 

excluded. One-fifth of the seropositive patients (50/236) had at least 1 neoplasm by history 

or detected following antibody detection (VGCC-P/Q antibody-positive only, 29; VGCC-N 

antibody-positive only, 15; dual antibody-positive, 6). A second cancer was found in 2 

patients with past history of cancer.

Comprehensive cancer evaluation, performed in 123 patients [body computerized 

tomography (CT) scan, 105; positron-emission tomography (PET)-CT scan, 73] revealed 

imaging evidence of cancer in 6 patients (5%), a median of 3 months after autoantibody 

detection (range, 0–16 months), including small-cell lung carcinoma (2), breast 

adenocarcinoma (2), follicular lymphoma (1), and probable tonsillar carcinoma (1). One 

breast adenocarcinoma was discovered by routine diagnostic mammogram 13 months after 

the positive serology (body PET-CT scan had revealed no abnormality). The second patient’s 

breast adenocarcinoma was identified by routine screening mammography 16 months after 

the positive serology (with negative initial mammogram). The patient with tonsillar 
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neoplasm suspected by PET-CT scan did not undergo recommended biopsy for confirmation 

and died within 2 months at another medical facility from undocumented cause.

Forty-six patients (19%) had a past history of 1 or more cancers of diverse histologic types 

and anatomic locations, including prostate adenocarcinoma (9), breast adenocarcinoma (8), 

cervical adenocarcinoma (4), lung small-cell carcinoma (3), bladder urothelial carcinoma 

(3), Hodgkin lymphoma (3), renal cell carcinoma (3), melanoma (3), colon adenocarcinoma 

(3), thyroid papillary carcinoma (2), non-Hodgkin lymphoma (1), lung squamous cell 

carcinoma (1), conjunctival spindle cell carcinoma (1), Waldenström macroglobulinemia (1), 

ovarian adenocarcinoma (1), vulval squamous cell carcinoma (1), gynecologic papillary 

serous adenocarcinoma (1), endometrial adenocarcinoma (1), lung adenocarcinoma (1), 

thymic carcinoma (1), multiple myeloma (1), adenocarcinoma of unknown primary (1), and 

myelofibrosis (1).

 Neurological associations

Table 1 documents the frequency of neurological disorders. Definite or probable 

autoimmune diagnoses were assigned in 79 patients (35%) by the primary evaluating 

neurologist (53 and 26, respectively). In 6 patients the autoimmune disorder was multifocal, 

including LES (2, both had documented autonomic ganglionopathy in addition to the typical 

LES-associated dry mouth and constipation, and 1 had length-dependent somatic peripheral 

neuropathy), encephalomyelopathy (1), encephalomyeloradiculopathy (1), cerebellar ataxia 

and encephalopathy (1), and cerebellar ataxia with a prior history of myasthenia gravis (1). 

Forty-nine patients had neurological symptoms without objective findings and thus no 

neurological diagnosis. Thirteen patients were lost to follow up before final diagnostic 

classification. The following neurological disorders are described in rostro-caudal anatomic 

order. The comparative frequencies of neurological phenotypes among VGCC positive 

patients and 202 patient seronegative controls are documented in Supplementary Table S2. 

Dysautonomia, seizures, and neuromuscular junction disorders were more common among 

the VGCC antibody-positive patients.

 Cortical disorders—Cognitive disorders (41) included autoimmune encephalopathy 

(14; 10 extra-limbic, 4 limbic), degenerative dementia (18), mild cognitive impairment (5), 

and cognitive disorder not otherwise specified (4). Ten patients had seizures in the setting of 

autoimmune encephalitis (4), autoimmune epilepsy (2), and seizures not otherwise specified 

(4).

 Cerebellar ataxia—Nine of the 236 patients had a diagnosis of cerebellar ataxia (3.8%). 

We excluded from this category those patients whose ataxia was attributable to 1 or more 

radiologically-detectable cerebellar lesions consistent with stroke or classical multiple 

sclerosis. The median onset age was 59 years (range, 35–72 years); median follow up was 11 

months (range, 1–48 months). Eight patients were VGCC-P/Q antibody-positive (median 

value, 0.10 nmol/L; range 0.07–4.16 nmol/L); 3 patients were VGCC-N antibody-positive 

(median value, 2.33 nmol/L, range, 0.05–6.08 nmol/L). Five patients in this group were 

assigned final diagnoses of autoimmune cerebellar ataxia, 3 patients with multiple system 

atrophy, cerebellar type (MSA-C, all had coexisting dysautonomia), and 1 with cerebellar 
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ataxia of unknown cause. Follow up information was available for 4 of 5 patients with final 

diagnoses of autoimmune cerebellar ataxia. Two had a paraneoplastic cause and died from 

cancer within a median of 5 months, and 2 improved with treatment.

 Other movement disorders—Eleven patients had parkinsonism (all had been 

assigned a neurodegenerative diagnosis), 3 had dystonia (2 in the context of degenerative 

parkinsonism and 1 with isolated jaw and tongue dystonia of unknown cause), 1 had 

paraneoplastic chorea, and 1 had stiff-person syndrome.

 Demyelinating central nervous system (CNS) disorders—Eight of 11 patients 

had a classical multiple sclerosis (MS) phenotype [primary progressive MS (5); relapsing 

remitting MS (3)], and 3 had an atypical demyelinating disorder [periventricular encephalitis 

(2), mono-hemispheric subcortical encephalitis with transverse myelitis (1)]. Four patients 

had a non-demyelinating myelopathy, 2 autoimmune and 2 of unknown cause.

 Miscellaneous CNS disorders—Nine patients had a headache disorder, 9 had a 

degenerative spine disease, 9 had a toxic-metabolic neurologic disorder, 8 had 

cerebrovascular disease, and 2 had a brain neoplasm.

 Anterior horn cell disorders—Eleven patients had been assigned the diagnosis of 

anterior horn cell disorder, 10 typical amyotrophic lateral sclerosis of neurodegenerative 

type and 1 phenotypically unusual with insidiously progressive bulbar involvement in the 

context of a history of Sjögren syndrome.

 Peripheral neuropathies—Peripheral neuropathy was diagnosed in 61 patients (26%), 

and in 38 (16%) this was the only neurological finding (Table 1). In 22 of the 61 patients 

(36%), the cause was deemed autoimmune. Forty patients were VGCC-P/Q antibody-

positive (median value, 0.07; range 0.04–4.16), and 28 were VGCC-N antibody-positive 

(median value, 0.06 nmol/L; range, 0.04–6.08).

Autonomic neuropathy or dysautonomia was encountered in 19 patients. Their final 

diagnoses were MSA (5), LES (2), postural orthostatic tachycardia syndrome (2), or other 

diagnosis (10).

 Neuromuscular Junction Disorder—Neuromuscular junction disorders were 

documented in 10 of the 236 seropositive patients (4.2%). LES was confirmed 

electrophysiologically in 6 patients (median VGCC-P/Q antibody value, 0.49 nmol/L; range, 

0.17–1.84 nmol/L). None was VGCC-N antibody-positive. A neoplasm (small-cell lung 

carcinoma) was identified prospectively after antibody detection in1 patient, a smoker aged 

43 years.

Serological, clinical and electrophysiological evidence supported a postsynaptic 

neuromuscular transmission defect in another 4 patients (median VGCC-P/Q antibody value, 

0.07 nmol/L; range 0.05–0.10; none was VGCC-N antibody-positive). Two had coexisting 

muscle AChR binding antibody; 2 had muscle AChR modulating Ab, and 1 had MuSK 

antibody, Table 2. Myasthenic findings were generalized in 3 and extraocular muscle-
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restricted in 1. Tendon stretch reflexes were preserved in all. Compound muscle action 

potentials (CMAPs) were normal in all 3 who had nerve conduction testing. Responses to 

repetitive nerve stimulation were normal in 2 patients (1 with extraocular muscle-restricted 

weakness, the other with mild generalized weakness); 1 patient had a CMAP decrement (but 

not increment) and myopathic findings. Two of these 4 patients had a history of cancer (1 

prostate adenocarcinoma and 1 metastatic gynecological serous adenocarcinoma).

 Myopathies—Of 7 patients with diagnosis of myopathy, 3 had biopsy evidence of 

inflammation (varying patterns, but none diagnostically specific), 1 had necrotizing 

myopathy with minimal inflammatory reaction, and 3 were classified as non-autoimmune 

myopathy.

 Clinical correlations according to antibody value

 High values for VGCC-P/Q or VGCC-N antibody—Seven of the 236 patients had at 

least 1 VGCC antibody value exceeding 0.99 nmol/L, 3 of whom were positive for both 

antibodies. Five of those patients were assigned an autoimmune neurological diagnosis 

(71%, Tables S1 and 1): encephalopathy (3), LES (2), cerebellar ataxia (2), and peripheral 

neuropathy (2). One patient had a multifocal neurological disorder. Two patients had a 

history of cancer.

 Medium values for VGCC-P/Q or VGCC-N antibody—Of the remaining 229 

patients, 79 had at least 1 VGCC antibody value in the range of 0.10–0.99 nmol/L. Their 

assigned diagnoses were peripheral neuropathy (20), non-neurological disorder (16), 

cognitive disorder (9), autonomic neuropathy or dysautonomia (8), radiculopathy (7), 

neuromuscular junction disorder (5), myopathy (5), CNS demyelinating disease (5), 

myelopathy (4), parkinsonism (4), seizures (3), cerebellar ataxia (2), anterior horn cell 

disorder (2), brachial plexopathy (1), classic stiff-person syndrome (1), and miscellaneous 

neurological disorders (14). Nineteen of those patients (24%) had at least 1 autoimmune 

neurological diagnosis: encephalopathy or other cortical disorder (6), neuromuscular 

junction disorder (5), peripheral neuropathy (5), myopathy (3), or stiff-person syndrome (1). 

A malignancy was found in 4 patients following antibody detection.

 Low values for VGCC-P/Q or VGCC-N antibody—In 150 patients the highest 

VGCC antibody value was in the range of 0.03–0.09 nmol/L. Their diagnoses included 1 or 

more of: peripheral neuropathy (39), non-neurological disorder (33), cognitive disorder (29), 

autonomic neuropathy or dysautonomia (11), anterior horn cell disorder (9), seizures (7), 

parkinsonism (7), CNS demyelinating disease (6), cerebellar ataxia (5), radiculopathy (3), 

brachial plexopathy (3), dystonia (3), neuromuscular junction disorder (3), myopathy (2), 

chorea (1), and miscellaneous CNS disorders (23). Twenty-nine patients (19%) had at least 1 

autoimmune neurological diagnosis: peripheral neuropathy (15), encephalopathy or other 

cortical disorder (8), seizure disorder (5), neuromuscular junction disorder (3), ataxia (3), or 

another autoimmune neurological diagnosis (4). Cancer was found in 2 patients following 

antibody detection.
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The overall positive predictive value for an autoimmune neurological diagnosis was 22%. 

Autoimmune neurological diagnoses were more common among patients with high antibody 

values (5/7) than among patients with medium values (19/79, P=0.02) or low values (29/150, 

P=0.004).

 Coexisting autoantibodies

At least 1 other neural autoantibody was detected in 73 patients. Specificities included 

GAD65 (24), striated skeletal muscle (17), muscle AChR (binding antibody, 13; modulating 

antibody, 6), VGKC-complex (11), neuronal ganglionic AChR (10), AGNA-1 (1), NMDA 

receptor (1), GABAB receptor (1), ANNA-1 (1) and MuSK (1), Table 2. The GAD65 

antibody value in 1 patient exceeded 20 nmol/L (3375 nmol/L); the neurological diagnosis 

was stiff-person syndrome. Non-organ-specific anti-nuclear antibody was noted in 19 

patients, and smooth muscle antibody was noted in 1.

 CSF Findings

CSF was tested in 75 patients. At least 1 abnormal value was recorded in 61 of the 75 

patients (81%), most commonly an elevated protein (55 patients; median value of 58 mg/dL; 

range, 36–234). Thirteen had leukocytosis (median, 13 cells/μL; range, 6–43). Among those 

treated with immunotherapy, those with elevated CSF protein were not more likely to be 

responders (14 were responsive, 13 were not), but those with leukocytosis were responders 

(7 were responsive to immunotherapy, 0 were not).

 Immunotherapies and outcomes among patients with suspected autoimmune diagnoses

Physician-documented symptomatic outcomes were available for 69 patients (29%) who 

received immunotherapy. Improvements were reported in 31 (mild to moderate, 22; robust, 

9; Table 1). Some patients received more than 1 immunotherapy modality. Improvements 

were attributed to IV corticosteroids (10), oral corticosteroids (10), intravenous immune 

globulin (IVIg, 8), mycophenolate mofetil (4), azathioprine (2), plasma exchange (1), 

methotrexate (1), and rituximab (1).

 DISCUSSION

We detected VGCC-P/Q or VGCC-N antibodies in 3.4% of patients who underwent 

comprehensive general serological evaluation for a neurological presentation which included 

neural-specific autoimmunity in the differential diagnosis. This study would have excluded 

most patients in whom LES was suspected clinically, because disease-specific testing can be 

ordered for LES. Previous reports have focused on LES, emphasizing lung carcinoma as the 

oncological association of VGCC antibodies, but VGCC-N and VGCC-P/Q antibodies were 

noted in an initial report in patients who presented with diverse paraneoplastic 

encephalomyeloneuropathies associated with adenocarcinomas of breast, ovary, colon, and 

other cancers.6 The cancer types we encountered in the study reported here were more 

diverse (most frequently adenocarcinomas). These sequentially tested patients from Mayo 

Clinic neurology practice exhibited autoimmune neurological phenotypes extending to every 

level of the nervous system, and included, in addition to some cases of classical LES: 

encephalopathies, cerebellar ataxias, myelopathies, and inflammatory neuropathies. Because 
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frequency of cancer and most neurological phenotypes did not differ between cases and 

antibody negative controls, the significance VGCC-P/Q or VGCC-N antibodies must be 

interpreted in the context of other clinical and paraclinical findings.

We encountered diverse myasthenic syndromes, often paraneoplastic and reflecting the 

context in which testing was ordered. Six of 10 patients with a documented neuromuscular 

transmission defect unequivocally had LES, but 4 had clinical or electrophysiological 

findings that supported myasthenia gravis rather than LES. VGCC autoantibodies are rarely 

encountered in patients with myasthenia gravis except in paraneoplastic cases (other than 

thymoma).11 Conversely, muscle AChR or striational antibodies are encountered in ~5–10% 

of patients with LES.12–14

As our laboratory has previously reported for the ganglionic α3 AChR and VGKC-complex 

antibodies, the neurological diagnostic specificity of seropositivity was directly proportional 

to the antibody level detected.8,15 Patients with high values (≥ 1.00 nmol/L) usually had an 

autoimmune diagnosis. Those with medium or low values had autoimmune neurological 

diagnoses in 19–24%, but a further 20% had no neurological diagnoses after extensive 

clinical and paraclinical testing. For the remaining 60%, a neurological diagnosis of 

alternative cause was established (often neurodegenerative), or the medical records 

contained insufficient data to determine a definitive neurological diagnosis.

Because of these limitations, we advise that the neurological and oncological significance of 

VGCC-P/Q or VGCC-N antibody positivities be interpreted in the clinical context of the 

individual patient. Additional clues to an autoimmune diagnosis include a subacute onset 

disorder with rapid progression without obvious alternative diagnostic explanation, the 

presence of a classic phenotype (such as LES), a personal or family history of 1 or more 

coexisting autoimmune diseases, an inflammatory spinal fluid, an inflammatory appearing 

MRI scan of brain or spine, and a coexisting neural antibody.16

Thirty percent of patients had coexisting neural autoantibodies that in some instances 

enhanced the neurological diagnostic specificity, for example NMDA-R antibody detected in 

a patient with encephalitis, and GAD65 antibody detected in a patient with classical stiff-

person syndrome.17,18 Clues to an oncological diagnosis include a personal or family history 

of cancer and a smoking history. In other patients, the antibody profile had high specificity 

for cancer, for example ANNA-1 detected in a patient with small-cell carcinoma.19

In patients with isolated VGCC antibody findings with low suspicion for cancer based on the 

profile above, ensuring the patient is up-to-date (and continues to be) with age- and sex-

appropriate cancer screening (breast exam, mammogram, pelvic exam, and colonoscopy) 

and a CT of chest (done 1 time only if normal) would likely suffice for cancer surveillance. 

A trial of immunotherapy could be considered in uncertain cases with objective neurological 

abnormalities, but it should not be undertaken in patients in whom an autoimmune diagnosis 

seems unlikely. False positivity may be encountered in patients with polyclonal 

hypergammaglobulinemia, including those who have received IVIg within the preceding 30 

days.8
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The VGKC-complex antibody radioimmunoassay, which is methodologically similar to the 

VGCC antibody assays employed in this study,20,21 has been determined to detect 

autoantibodies which target neuronal proteins that co-immunoprecipitate with detergent-

solubilized VGKCs (namely, Lgi1 and Caspr2).22,23 Thus, it is conceivable that antibodies 

detected by the VGCC radioimmunoprecipitation assay might be directed at proteins 

interacting with VGCC-P/Q and VGCC-N proteins. A majority of patients with GABABR 

antibodies have coexisting VGCC-P/Q or VGCC-N antibodies (77%).24 In this study, only 1 

patient with VGCC antibody had coexisting GABABR autoantibody, indicating the rarity of 

GABABR autoimmunity.

In summary, neuronal VGCC antibody-seropositive patients have diverse neurological 

presentations and cancer types. The cancers include squamous cell carcinomas, 

adenocarcinomas, and small-cell carcinomas. The neurological and oncological significance 

should be interpreted cautiously in the clinical context of the individual patient.

 Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

 Abbreviations

AChR acetylcholine receptor

AGNA anti-glial/neuronal nuclear

AM Andrew McKeon

AMPA a-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid

ANNA anti-neuronal nuclear

CASPR2 contactin-associated protein-2

CMAP compound muscle action potential

CNS central nervous system

CSF cerebrospinal fluid

CRMP collapsin response-mediator protein

GAD65 glutamic acid decarboxylase, 65 kDa isoform

GABA gamma-aminobutyric acid

Ig immune globulin

IVIg intravenous immune globulin

LES Lambert-Eaton syndrome

Lgi1 leucine-rich-glioma-inactivated-1
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MS multiple sclerosis

MSA multiple system atrophy

MuSK muscle-specific kinase

NMDA n-methyl- D-aspartate

VGCC voltage-gated calcium channel

VGKC voltage-gated potassium channel
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