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DISCLOSURES
• KLHL11 patent licensed as a marker of neurological autoimmunity and

testicular germ cell tumor.
• Patent pending for LUZP4, SKOR2 and Cavin-4 as a marker of

neurological autoimmunity
• Consulted for UCB, Immunovant, Argenx, Arialys and Astellas. All

compensation for consulting activities is paid directly to Mayo Clinic.
• Received funding from UCB, DOD for immunoprofiling/biomarker

identification of germ cell tumors (CA210208), inflammatory
neuropathies (PR220430) and ALS (AL240239).

• Discuss off label use of immunotherapy for paraneoplastic disorders.
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LEARNING
OBJECTIVES

Upon conclusion of this activity, participants should be
able to:

• Utilize updated paraneoplastic neurological
syndrome diagnostic criteria

• Determine the utility of growing repertoire of
autoantibody biomarkers in the diagnosis of
paraneoplastic neurological syndrome
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“On Brain Symptoms Associated
With Carcinomatosis Without

Detectable Changes in the Brain”

Hermann Oppenheim: Charité Annalen, 1888
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ANTIBODY
BIOMARKERS
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Neural autoantibody discovery over the years

Segal Y, Zekeridou A, Curr Opin Neurol, in press
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Pathophysiology
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Rat 1 and 3 received high titre anti-amphiphysin
antibodies whereas rat 8 received antibodies from the
control patient.
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KLHL11 specific T-cell response

Dubey et al.  JAMA Neurol. 2020
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DIAGNOSTIC
CRITERIA &
SYNDROMES
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Updated PNS criteria
• Substitute “classical syndromes” with the term “high-risk phenotypes” for cancer

• Introduce the concept of “intermediate-risk phenotypes”

• “Onconeural antibody” was replaced by
• “high risk” (>70% associated with cancer) antibodies
• “intermediate risk” (30%–70% associated with cancer) antibodies

• Three levels of evidence for PNS by using the PNS-Care Score: definite, probable, and possible.

• Factors: clinical phenotype, antibody type, presence or absence of cancer, and time of follow-up.
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PNS Care score

Graus et al, N2 2021

Antibody positivity needed for Definite PNS,
except for OMS
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Low risk antibodies
(<30% cancer
association)

Intermediate risk antibodies
(30%-70% cancer association)

High risk antibodies
(>70% cancer association)

mGluR1AMPARANNA1(Anti-Hu)
GABAARGABABRCRMP5(CV2)
CASPR2mGluR5SOX1
GFAPP/Q VGCCPCA2 (MAP1B)
GAD65NMDARAmphiphysin
LGI1CASPR2 (Morvan Syndrome)ANNA2(Anti-Ri)
DPPXPCA1(Anti-Yo)
GlyRMa2 and/or Ma
AQP4DNER(PCA-Tr)
MOGKLHL11

LUZP4*
TRIM46*
PDE10A*
KCTD16*
ANNA3*
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High risk phenotypes

Associated neoplasmsAssociated antibodiesPhenotype

SCLCANNA1(Anti-Hu), CRMP5(CV2),
amphiphysin

Encephalomyelitis

SCLCANNA1(Anti-Hu), Ma2, amphiphysin,
ANNA3, AMPAR, GABABR, LGI1,
CASPR2

Limbic encephalitis

SCLC, Hodgkin’s lymphoma, ovarian
cancer, breast adenocarcinoma,
uterine/fallopian tube cancer,
testicular germ cell tumors

PCA1(Anti-Yo), DNER(PCA-Tr),
MAP1B, CRMP5(CV2), KLHL11, Ma2,
LUZP4, ANNA3; TRIM46

Rapidly progressive cerebellar syndrome

Neuroblastoma (children), SCLC or
breast cancer (adults)

ANNA2(Anti-Ri), ANNA1(Anti-Hu)
(rarely)

Opsoclonus-myoclonus

SCLCANNA1(Anti-Hu), CRMP5(CV2),
PCA2(MAP1B), amphiphysin

Sensory neuronopathy

SCLCANNA1(Anti-Hu), CRMP5(CV2)Gastrointestinal pseudo-obstruction
(enteric neuropathy)

SCLCP/Q VGCCLambert-Eaton myasthenic syndrome
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49-year-old woman with
progressive numbness
and gait instability

Amphiphysin IgG (serum and CSF)

Non-caseating granuloma

AmpRecord site
(side)

TypeNerve

NRDig 2 (Left)SensoryRadial

14Dig 2 (Right)SensoryRadial

12Dig 5 (left)SensoryUlnar

9Dig 5 (right)SensoryUlnar

2Ankle
(Right)

SensorySural

NRAnkle (right)SensoryFibular

Breast Cancer
Zahid et al. Neurology. 2021
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AMPHIPHYSIN-IgG ALONE (n=21)

Dubey et al: Neurology, 2019

BREAST ADENOCARCINOMA

5

7

1

Sensory neuronopathy
Polyradiculoneuropathy
Facial nerve palsy

9

2

1

Sensory neuropathy
Polyradiculoneuropathy
Length dependent neuropathy

SMALL CELL LUNG CANCER

53

1

Sensory neuronopathy
Polyradiculoneuropathy
Length dependent sensory neuropathy

AMPHIPHYSIN-IgG WITH
ANNA1-IgG AND/OR CRMP5-

IgG (n=12)

ANNA1/Hu
Amato & Ropper. NEJM. 2020
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ANNA1 or Ant-Hu IgG
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ANNA1 Immunoprofiling (PhIP-Seq) and potential
role of serum neurofilament light chain

Paramasivan…Dubey. Ann Clin Transl Neurol. 2024
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F/69: progressive imbalance

• Progressive loss of balance over 6 months 
wheelchair/bed-bound

• Unintentional loss of weight

• Clinical exam: tetrappendicular, ocular and
truncal cerebellar ataxia and dysarthria

• Inflammatory CSF; PCA1 (anti-Yo) + in serum
and CSF

• Ovarian & uterine adenocarcinoma

• Treatment: cancer resection, chemo, IVMP, IVIg,
PLEX and cyclophosphamide

• Progressive decline, death

Rojas et al. Neurol.2000



©2020 MFMER  |  3965749-24

TRIM46  (25 patients)
Patients
• Females (70%)
• Median age 67 years (range 25-87)

Clinical findings
• Subacute cerebellar syndrome (15, 68%)
• Limbic encephalitis (3)
• Myelopathy (2)
• Encephalopathy with/without seizures (2)

Oncological associations
• Cancer diagnosed in 18 patients (82%)
• Neuroendocrine carcinomas, common
• 3 developed neurological symptoms after

immune checkpoint inhibitor (ICI) therapy

A CB

FED F

Sanchez…Dubey. JNNP. 2021; van Beuningen et al. Neuron. 2015

Trim9&67-IgG (3 patients)
• Clinical presentation: cerebellar ataxia (F78, M65, F59)
• MRI: normal
• Cancer association: Pulmonary adenocarcinoma, melanoma

Le Luy et al, Cerebellum 2019; Larman et al. Nature Biotechnology. 2011
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• Clinical features:
• Ataxia (usually subacute onset)
• Dysarthria
• Diplopia
• Dysphagia

• Associated antibodies:
• PCA1 or anti-Yo
• PCA2 or MAP1B
• Ma2
• CRMP5
• Amphiphysin
• mGluR1
• ANNA2 or anti-Ri
• TRIM46
• TRIM9/67
• KLHL11
• Neurofilament light chain

Paraneoplastic cerebellar
degeneration

PCA1 or anti-Yo PCD
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Intermediate risk phenotypes
testicular germ cell tumors or

non-SCLC, SCLC
KLHL11, Ma2, LUZP4,
ANNA2(Anti-Ri), TRIM46

Brainstem encephalitis

ovarian or extraovarian
teratomas

NMDA-Ranti-NMDAR encephalitis

Thymoma, thymic carcinomaCASPR2, LGI1Morvan syndrome

SCLC, breast adenocarcinomaCRMP5(CV2), amphiphysin,
PCA2(MAP1B)

Isolated myelopathy

Breast adenocarcinoma, SCLC,
non-Hodgkin’s lymphoma

Amphiphysin, DPPXStiff-person syndrome

SCLC, breast adenocarcinoma,
thymoma

CRMP5(CV2), PCA2(MAP1B),
amphiphysin, ANNA1(Anti-Hu)

Polyradiculoneuropathies
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41-year-old man
• Initial presentation:

• New right sided tinnitus and sensorineural hearing loss
• Mild intermittent dizziness
• MRI brain - normal
• Diagnosis: presumed viral labrynthitis
• Treated with prednisone and acyclovir
• Vestibular rehab
• Tinnitus and hearing loss improved partially

• Five months later: developed diplopia, nystagmus and ataxia
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Audiology evaluation:
right sided hearing

loss
• Repeat MRI (6 months from symptom

onset): Normal
• CSF studies:

• CSF cells -17 white cells per uL (90%
lymphs)

• CSF protein - 64 mg/dl
• GQ1b antibodies and Lyme serology were

negative.
• Serum & CSF paraneoplastic panel

negative for know autoantibodies

TESTING

Madel-Brehm & Dubey et al. NEJM, 2019; Dubey et al. JAMA Neurol 2020

Sparkles = KLHL11 IgG
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KLHL11 IgG

Prevalence (males) : 2.8/100,000 population
Clinical presentation:

- Rhomboencephalitis (70%)
- Limbic encephalitis (15%)
- Both (15%)

Hearing loss and tinnitus may precede other
neurological presentations (40%)
Testicular cancer: >70% (commonly seminoma)

Madel-Brehm & Dubey et al. NEJM, 2019; Dubey et al. JAMA Neurol 2020,
Devine & Dubey. JAMA Neurology. 2021
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Hammami, Eggers…Dubey. JNNP. 2021

Median duration from onset of hearing loss and/or vertigo until CNS
manifestation was 5.5 months (range 1–16)
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Autopsy/late-stage biopsy:
brain pathology

H&E CD 68 CD20

CD 8CD 4CD 3

Active disease
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69-year-old man,
>120 pack/year history
of smoking presented with pain
and asymmetric lower
extremity weakness and
numbness
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Epineurial Perivascular Lymphocytic Cuffing
MIXED SMALL CELL

AND NON SMALL CELL

Axonal polyradiculoneuropathy
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Polyradiculoneuropathy
62-year-old women with paresthesia

• February 2020: started noticing numbness and paresthesias involving her upper and lower
extremities

• March 2020: she had bilateral lower extremity weakness, and sensory ataxia. During work up
diagnosed of small cell cancer (outside facility)

• April 2020, she received immune check point inhibitor therapy (atezolizumab), soon after which
her neurological symptoms worsened significantly.

• May 2020: severe neuropathic pain, progressive weakness, wheel chair bound. EMG/NCS
consistent with polyradiculoneuropathy.

• June 2020: Paraneoplastic evaluation was positive for ANNA1 or anti-Hu

• Solu-Medrol and PLEX without any improvement. Refused cyclophosphamide.

• July 2020: Patient died.
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Chompoopong… Dubey. JNNP. 2021
Sechi...Zekeridou et al, Neurology. 2020

All irNeuropathies
associated with
neuroendocrine

tumor were
onconeural antibody

seropositive
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Peripheral hyperexcitability

Nerve Muscle

CASPR2 IgG Cavin-4 IgG
Dubey et al. JAMA Neurol. 2022

Svahn et al. Neurol Neuroimmunol Neuroinflamm Jan 2023
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62-year-old man with weakness
and imbalance

• Presentation: Lower extremity weakness, dry eyes, dry
mouth, gait instability (cerebellar ataxia), EMG (postexercise
facilitation)

• Clinical level: 3 (LEMS+ Cerebellar ataxia)

• Antibody panel: P/Q VGCC IgG

• Antibody level: 2 (50% cancer association with LEMS, cancer
association higher with ataxia)

• CT chest/cancer search: Small mediastinal nodule, history of
prostrate cancer (patient lost to follow up)

• Cancer level: 1 (follow up for <2 years)

• Total: 6 (Probable PNS)

2021 criteria, probable/definiteN=479, suspected to have PNS

88%Sensitivity

99%Specificity

0.99Area under the curve

Swart et al. N2. 2024
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SIX TECHNIQUES FREQUENTLY USED TO DETECT
ANTIBODIES IN AUTOIMMUNE NEUROLOGY

(F) ELISA

(C) Immunoprecipitation

(B) Western or line blot

Control Hu Yo Ri

IgG antibody

(E) Cell based assay/Flow cytometry

(D) Flowcytometry

(A) Indirect immunohistochemistry



©2020 MFMER  |  3965749-39

Jones FS & Dubey D. Neurology. 2025

False discovery rate x disease prevalence
• Illustration of the relationship between false discovery rate (i.e., proportion of false positive tests) and disease prevalence:

• blue: sensitivity 90%, specificity 99%;
• green: sensitivity 90%, specificity 95%;
• red: sensitivity 90%, specificity 90%.

• Notice the relatively high false discovery rates with lower disease prevalences, despite high assay specificities, in comparison to higher disease prevalence.
• Notice the higher impact small changes in specificity have on false discovery rate in low prevalence settings.
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SENSITIVITY/ SPECIFICITY/PPV VARIES
Assay utilized

Déchelotte B, Et al. Neurol Neuroimmunol Neuroinflamm. 2020

• Clinical data collected for:
• 58 IFA positive immunodot + cases
• 90 IFA negative immunodot + cases

• All patients with IFA confirmed presented
clinical symptoms classically described
with the identified antibody.

• The clinical presentation of most (84%) of
the IFA negative cases was incompatible
with the antibody identified by
immunodots.
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SENSITIVITY/ SPECIFICITY/PPV VARIES
Antibody testing method and sample type

GFAP-IgG testing - CSF and + on 2 methods provides optimal testing methodology: >99% meningoencephalomyelitis

Dubey et al. JNI. 2018
Fang & Mckeon et al. JAMA Neurol. 2016
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SENSITIVITY/ SPECIFICITY/PPV VARIES
Antibodies with limited utility

Striational testing removed from evaluations

Paraneoplastic evaluation MG evaluation

Striational antibody

Shelly et al. Neurology. 2021



©2020 MFMER  |  3965749-43

Take home points

PNS CARE

F

CRMP5 Polyradiculoneuropathy

ICI Neurologic AE
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THANK YOU!

QUESTIONS


