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Abstract This document presents the guidelines for
onconeural antibody testing that have been developed follow-
ing a consensus process built on questionnaire-based surveys,
internet contacts, and discussions at workshops of the spon-
soring Italian Association of Neuroimmunology (AINI) con-
gresses. Essential clinical information on paraneoplastic neu-
rological syndromes, indications and limits of onconeural an-
tibody testing, instructions for result interpretation, and an
agreed laboratory protocol (Appendix) are reported for the
communicative community of neurologists and clinical
pathologists.
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Introduction

The diagnostics of paraneoplastic neurological syndromes
(PNS) should be performed in specialized laboratories adher-
ing to strict criteria of professional skills, expertise, and qual-
ity [1, 2]. Both routine diagnostics and research activities
should be integrated to optimize the search for known and
unknown onconeural antibodies [2].

PNS include malignancy-related disorders that manifest as
remote effects of the neoplastic pathology. In 65% of the
cases, neurological syndromes precede clinical signs and
symptoms of the underlying tumor [3]. Central, peripheral,
and autonomic nervous systems can be affected at various
levels. Subacute progression, disability, substantial lack of
response to therapies on the clinical side, and neuronal death
mainly dependent on autoreactive T cells on the pathology
side characterize PNS [1, 2, 4]. The intracellular antigen-
targeting B-cell immune response allowed to identify the link
between cancer and PNS initially [5] and to develop diagnos-
tic tests years later [1–3]. Pathogenetically, it is conceivable
that the tumor protein-targeting immune response can attack
the same protein expressed by neurons [6].

Onconeural antibody detection in patients with a progres-
sive neurological disease supports the diagnosis of PNS and
may provide information about the nature of a possibly under-
lying tumor [1–3]. Notably, circulating onconeural antibodies
are not invariably associated with PNS. For instance, approx-
imately 30% of patients with small cell lung cancer, but with-
out PNS have serum anti-Hu antibodies [7]. To justify this
conundrum, it has been suggested that host factors, such as
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HLA polymorphisms [8] and still undefined tumor-related
factors [9], might contribute to break immune tolerance to
neural self-antigens and, ultimately, to cause PNS.

The 2004 consensus on PNS divides Bclassical syndromes,^
characterized by high probabilities of being paraneoplastic,
from Bnon-classical syndromes,^ more frequently non-
paraneoplastic and requiring thorough differential diagnosis;
the paraneoplastic syndromes associated with diseases of the
neuromuscular junction/muscles (myasthenia gravis, Lambert-
Eatonmyasthenic syndrome, dermatomyositis, neuromyotonia)
are not included [2].

A list of PNS, tripartite on the basis of the involved part of
the nervous system, follows (the most frequent syndromes are
in bold):

Classical

& Central nervous system: (a) encephalomyelitis, (b) limbic
encephalitis, (c) subacute cerebellar degeneration, and
(d) opsoclonus-myoclonus syndrome (in adults)

& Peripheral nervous system: (a) subacute sensory
neuronopathy

& Autonomic nervous system: (a) Chronic intestinal pseudo-
obstruction

Non-classical

& Central nervous system: (a) brainstem encephalitis, (b)
optic neuritis, (c) Necrotizing myelitis/myelopathy, and
(d) stiff-person syndrome and variants

& Peripheral nervous system: (a) distal symmetric sensori-
motor neuropathy, (b) polyradiculoneuropathy (acute/
chronic) and (c) mononeuritis multiplex

& Autonomic nervous system: (a) pure autonomic neuropathy

Onconeural antibodies play a pivotal role within the diag-
nostic algorithm for PNS (Fig. 1). Such role is so important that
well-characterized onconeural antibodies allow to label a ^non-
classical^ neurological syndrome as Bdefinite^ PNS even in the
absence of cancer. The role of Bclassical^ PNS is emphasized as
well, as they lead to consider the patient at high risk for cancer
even in the absence of both onconeural antibodies and tumor
(Fig. 1; see the consensus for more details [2]).

Tumors affect lung, ovary, or breast in 66% of the cases [3].
Rare cases of PNS and prostate cancer have been reported [10].
Screening procedures for the search of underlying cancers should
be performed in accordance with published guidelines [11]. In
patients at risk of developing cancer oncologic, follow-ups entail
controls every 3–6 months for 5 years at least [11]. Clinical
characteristics of Hu-antibody-positive patients with or without
cancer are similar [12], as well as those of patients with subacute
cerebellar degeneration with or without onconeural antibodies

[13]. In these patients, however, the spectrum of PNS-
associated tumors is different, depending on the sero-status [13].

Clues of PNS, beside clinical presentations attributable to
^classical^ PNS, are (a) subacute onset, (b) clinical course slowly
progressive, affecting simultaneously or consecutively different
areas of the central, peripheral, or autonomic nervous systems,
(c) coexistence of tumor risk factors (e.g., cigarette smoking), or
general signs of cancer (e.g., body weight loss). Due to overlap-
ping syndromes, in some cases, the search for onconeural anti-
bodies should be combined with the search for antibodies to
neuronal cell membrane antigens. In the largest cohort of PNS
patients studied so far, 80% resulted positive for onconeural an-
tibodies [3]. The onset of an additional PNS in the same patient is
a very rare phenomenon and may reveal tumor recurrence [14].
In 90% of the PNS, CSF analysis is abnormal in at least one of
the following inflammatory parameters: pleocytosis, increased
values of indexes of blood-CSF barrier damage, and unique-to-
CSF oligoclonal IgG bands (present in 60% of the cases) [15].
BrainMRI is frequently normal, but hyperintensity in FLAIR/T2
may be detected. Gadolinium-enhancing lesions should induce
to consider diagnoses alternative to PNS [3].

Therapies for PNS entail the overriding attempt at the
removal/cure of tumor, following the guidelines specific
for each case. Patients poorly respond to immunosuppres-
sive treatments required by the pathogenetic mechanisms
underlying PNS [3, 16–18]. In the rare cases of PNS-
associated lymphoma (most patients are anti-Tr antibody
seropositive) chemotherapy, which can act on both the dis-
eases, allows Bgood^ survivals, in line with those of patients
with lymphoma without PNS [19].

Clinical and laboratory aspects

Notwithstanding the spectrum of onconeural antibodies has
been widening since 2004 [2], the definition of diagnostic
sensitivity and specificity is still restricted to some of the
Bwell-characterized^ antibodies, as it needs sufficiently high
number of cases. The categorization of ^well-characterized^
and Bpartially characterized^ onconeural antibodies is still
valid [2, 20, 21]:

(a) Bwell-characterized^ onconeural antibodies (high posi-
tive predictive value for tumor):
(a) Anti-Hu (ANNA-1); in paraneoplastic sensitive

subacute neuropathy: sensitivity, 82%; specificity
99% [22]

(b) Anti-Yo (PCA-1); in paraneoplastic subacute cere-
bellar degeneration: sensitivity, 80%; specificity,
99% [23]

(c) Anti-CV2/CRMP5
(d) Anti-Ta/Ma2
(e) Anti-Ri (ANNA-2)
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(f) Anti-amphiphisin
(g) Anti-recoverin
(h) Anti-SOX-1 (AGNA); for small cell lung carcino-

ma in Lambert-Eaton myasthenic syndrome
(LEMS): sensitivity, 67%; specificity, 95% [20]

(i) Anti-Tr/DNER [24]; in paraneoplastic cerebellar de-
generation: sensitivity, 100%; specificity, 100% [25]

(j) Anti-GAD
(b) Bpartially characterized^ onconeural antibodies (un-

known positive predictive value for tumor):
(a) Anti-Zic4
(b) PCA2
(c) ANNA3

Diagnostics of PNS is performed on serum samples [1, 2],
but testing CSF is recommended in cases of dubious seroposi-
tivity or seronegativity. Reference laboratories, within the AINI
network, are available for further and in depth diagnostic inves-
tigations. Diagnostics includes, sequentially, screening tests on
cerebellar tissue, which yields immunohistochemically de-
fined patterns, and recombinant protein-based confirmation
dot/line blot tests [1, 2]. In dot/line blots denatured recombi-
nant proteins might generate false positive and even false neg-
ative results [26, 27]. Notwithstanding these shortcomings, the
trend towards the simplification of PNS diagnostics by using

only dot/line blots satisfies the need of large generalist labora-
tories. Screening tests on cerebellar tissues are less expensive
than dot/line blots, but require expertise in interpretation, which
usually lacks in the generalist laboratories. Although not explic-
itly stated [1, 2], it is recommended not to use confirmatory tests
without preliminary positive screening tests, which also allows
to detect Batypical^ antibody responses possibly targeting un-
knownCNS antigens. The frequency of Batypical^ antibodies is
around 3% of PNS [3]. They could be further studied for the
target antigen identification. There are no guidelines for the
clinical management of patients with Batypical^ antibodies,
but the possibility that they have a PNS should not be
overlooked. Antibody reactivities to neuronal nuclei on cere-
bellar tissue that result negative on dot/line blots are usually due
to systemic anti-nuclear antibodies (positive ANA test).

Analogously to other areas of neuroimmunological diagnos-
tics, certified tests in certified large laboratories are replacing in-
house tests in non-certified small laboratories (see also Guest
Editorial in this Supplementum). As the latest AINI survey
showed that all the AINI laboratories use commercial kits for
PNS diagnostics, this document refers the most common
screening test (Euroimmun). Dot/line blot tests are commercial-
ly available, certified, and technically simple. They can be used
for routine diagnostics following the manufacturer’s
instructions.

Fig. 1 Algorithm assessing the various levels of diagnostic evidence of the neurological syndromes suspected to be paraneoplastic, in accordance with
the 2004 international consensus-based criteria (modified from [2])

Neurol Sci (2017) 38 (Suppl 2):S237–S242 S239



Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest

Appendix

1.0 Preanalytical procedures

Refer to the document on BDiagnostics of autoimmune
encephalitis associated with antibodies against neuronal sur-
face antigens^

2.0 Analytical procedures

2.1 Indirect immunofluorescence. Procedures refer to
commercial BIOCHIP Slides by Euroimmun
(Lübeck, Germany).

2.1.1 Reagent preparation

2.1.1.1 BIOCHIP Slides with monkey cerebellum are ready
for use and sealed in a package that must be opened
when room temperature has been reached (18–
25 °C) to prevent condensation. Do not touch the
biochip.

2.1.1.2 Fluoresceinated goat anti-human Ig antibody (mix
thoroughly before use).

2.1.1.3 Mounting medium.
2.1.1.4 Negative and positive control sera.
2.1.1.5 PBS-Tween Wash Solution: dissolve 1 package of

Bphosphate buffer salt^ in 1 l of high-grade distilled
water, add 2 mL of Tween 20, and stir for at least
20 min; store in a refrigerator (2–8 °C) for 1 week.

2.1.1.6 Glassy reagent supports: thorough rinses with water
and accurate drying are recommended after washing
(see the instruction manual).

2.1.2 Sample preparation

2.1.2.1 Vortex the samples after thawing. Dilute serum
samples 1:10 in PBS-Tween 20 (11 μL of sample
in 100 μL of PBS-Tween 20) and mix thoroughly
(vortex). CSF samples are tested undiluted.

2.1.2.2 For titration, go on the 1:10 dilution (1:100, 1:1000,
1:10,000, up to the end-point titration).

2.1.3 Analytical procedure

2.1.3.1 Dispense 25 μL of each diluted serum or undiluted
CSF sample on the well of the glassy tray,
preventing the formation of air bubbles, and using
the polystyrene frame as a reference.

2.1.3.2 Dispense all the samples before starting the incubation.
2.1.3.3 Start the incubation after putting the transfected-cell-

equipped biochips onto the glassy tray, checking that

each sample is in contact with the biochip, and
preventing between-sample cross-contaminations; in-
cubate 30 min at room temperature (RT; 18–25 °C).

2.1.3.4 Washing: Immerse BIOCHIP Slides into a beaker con-
taining PBS-Tween 20 and then immerse them in the
appropriate PBS-Tween 20 containing cuvette for
5 min (if available, gently shake with a rotary stirrer).
Be careful not to completely dry the slides (to prevent
faded patterns with or without high background).

2.1.3.5 Dispense 25 μL of conjugated antibody to each well
of the clean glassy tray.

2.1.3.6 Remove BIOCHIP Slides from the washing cuvettes,
rapidly dry the back and sides of the slides with ab-
sorbent paper, and then place then in the appropriate
glassy tray areas. Check the contact between biochips
and antibody. Incubate for 30 min at RT.

2.1.3.7 Repeat washing (point 2.1.3.4), using fresh PBS-
Tween 20.

2.1.3.8 Mount BIOCHIP Slides, placing the cover slides on
the polystyrene supports and dispensing a drop of
mounting medium (10 μL/well). Check the perfect
engagement between biochip slides and cover slides.

2.1.4 Reading and interpretation of results

Use fluorescence microscopes (excitation filter, 450–
490 nm; color separator, 510 nm; blocking filter, 515 nm) with
20×-40× magnifications. Slides are interpreted blindly by two
expert observers and defined as BPositive^ or BNegative^;
when the interpretations are discordant, repeat the test.

Describe how fluorescence distributes in the cerebellar tis-
sue at various levels: neuropil, cell layers, myelinated fibers,
nuclei, cytoplasm (pictures at www.euroimmun.com). As for
the most common reactivities, anti-Yo antibodies stain exclu-
sively the cytoplasm of Purkinje cells, anti-Hu and anti-Ri
antibodies neuronal nuclei in the gray matter with granular
fluorescence. AINI network of laboratories is available to
evaluate and retest dubious samples.

2.2 Dot/line blot. Commercial kits are available for
confirming the presence of the main onconeural au-
toantibodies. Recombinant proteins are fixed onto ni-
trocellulose stripes. Human IgG is the internal control
antigen. Neuronal antigens are typically purified by
affinity, separated with SDS-PAGE, and immobilized
onto nitrocellulose. Autoantibodies are detected with
an indirect immunoenzymatic reaction. Procedure:
follow the manufacturer’s instructions.

2.3 Western blot. In-house Western blot of cerebellum
tissue homogenates can be used as an alternative to
commercial dot/line blot blots. The rational use of in-
house Western blot can be restricted to the analysis of
serum samples resulted positive on the immunohisto-
chemistry screening and negative on commercial dot/
line blot blots (if ANA negative).
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3.0 QUALITY CONTROL AND SAMPLE STORAGE

3.1 Indirect immunofluorescence

3.1.1 In every analytical run a positive and a negative
control should be used.

3.1.2 If the positive control gives no/dubious staining,
and the negative control non-specific or high-
background staining, repeat the test.

3.1.3 External quality control schemes should be
performed at least yearly (e.g., AINI external
quality control schemes).

3.2 Dot/line blot

3.2.1 In every analytical run a positive control should
be included.

3.2.2 External quality control schemes should be
performed at least yearly (e.g., AINI external
quality control schemes).

3.3 Storage, see the document on ‘Cerebrospinal fluid
analysis and the determination of oligoclonal bands’

4.0 REPORT

4.1 Indirect immunofluorescence. A qualitative result
(positive/negative) should be reported, together with
a detailed description of the staining localization
(see point 2.1.3). Titering is optional, but advisable.

4.2 Dot/line blot. A qualitative result (positive/negative)
should be reported, together with the indication of
the type of reactivity (e.g., anti-Hu antibodies).

4.3 Reports should contain the following general
information:

i) Type of method: indirect immunofluorescence,
type of tissue and name of the manufacturer.

ii) Type of method: dot/line blot, name of the
manufacturer.

iii) Reference values: report the dilution as cut-off of
positivity.

iv) Comments: Refer to point 4.1.9 of the docu-
ment on BCerebrospinal fluid analysis and the
determination of oligoclonal bands.^
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