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The 2004 guidelines on Paraneoplastic
Neurological Syndromes (PNS) have recently been
updated by a Worldwide PNS-Care expert group
(1, 2). The new 2021 PNS-Care guidelines divide
these rare and hard to diagnose syndromes into
“high risk” and “intermediate-risk” phenotypes as
well as the autoantibodies (AAbs) that nearly al-
ways accompany them, into “high risk,”
“intermediate-risk,” and “low-risk.” The term “high-
risk antibodies” replace the old term “onconeural
antibody” and the level of risk relates to the risk of
a concomitant cancer being present. The pres-
ence of the following “high-risk AAbs” are >70% of
the time associated with cancer; Hu, CV2, YO,
PCA2/MAP1B, SOX1, Amphiphysin, RI/ANNA2,
MA2, Tr (DNER), and KLH11 (2). The “intermediate-
risk AAbs,” where 30%–70% of cases being associ-
ated with cancer are; NMDAR, GABAbR, AMPAR,
mGLuR5, VGCC, and CASPR2 (with Morvan syn-
drome), and the “low-risk AAbs” associated with
cancer in <30% cases are; LGI1, DPPX, mGluR1,
GABAaR, GFAP, GAD65, and CASPR2 (without
Morvan syndrome). According to the new guide-
lines, the antibody status guides further workup
depending on the age, sex, and clinical phenotype,

which ultimately leads to the diagnosis. For example,
the true presence of a high-risk antibody that often
predates the cancer in that patient inadvertently sets
off an intense chase to find that for the antibody typi-
cal cancer. Also, the presence of an appropriate anti-
body is required for the definite diagnosis of PNS in
all cases except opsoclonus-myoclonus. This pres-
sures the laboratory further to find the accurate anti-
body. In addition, the presence of cancer and typical
clinical phenotype are also mandatory for the definite
diagnosis of PNS.
Several new developments since 2004 have trig-

gered these updated PNS guidelines. Most impor-
tantly, the discovery of several new intraneuronal
targets, and of pathogenic surface targets with
specific antibodies that can occur without cancer.
A very important discovery in recent years was the
autoimmune encephalitis (AE) group of diseases,
serious, underdiagnosed, immune-mediated, in-
flammatory conditions of the brain. AE is a hetero-
geneous group of disorders, associated with AAbs
that targets intracellular antigens, synaptic recep-
tors, or cell-surface (ion channels) proteins. AE
generally respond well to early immunotherapy.
The clinical diagnosis is often difficult, and the
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suspicion is typically raised when the onset of neu-
ropsychiatric symptoms is subacute usually within a
few weeks but <3months and not readily
explained by a previous medical condition. Early
antibody testing, using a reference laboratory is im-
mensely helpful in making clinical decisions on
the diagnosis and treatment. The incidence of AE
diagnosis rises drastically in the vicinity of such ref-
erence laboratories and likely remains underdiag-
nosed in other areas (3, 4). Correct early diagnosis
with the finding of an antibody is associated with
significantly better outcomes and much lower over-
all health care costs (5). AE can be further classified
according to the combination of the following: clini-
cal presentations, brain region involved (e.g., limbic,
cerebellar and sensory), cancer association, CSF
and AAbs profile, and pathophysiological mecha-
nism (e.g., intracellular and/or cell-surface synaptic
antigens) (6). Importantly, the neuropsychiatric
symptoms can occur in the presence of pathogenic
AAbs with/without cancer. The most frequent and
best-characterized forms of AE are anti-NMDA re-
ceptor (NMDAR) and LGI1encephalitis (7). Notable
breakthroughs in recent years have identified
many new AAbs, especially the neuronal-surface
Abs that are directly pathogenic, including GABAbR,
AMPAR, DPPX, and CASPR2. The list is rapidly
expanding.
On the contrary, “high-risk PNS” previously

known as classic PNS and accompanying “high-risk
AAbs,” previously onconeural AAbs; These include
Hu/ANNA1, CV2/CRMP5, YO/PCA1, and SOX1 AAbs
that target intracellular antigens and are not con-
sidered to be directly pathogenic. If correctly mea-
sured these AAbs are biomarkers guiding the
search for the underlying cancer (2). Importantly,
probability of a specific cancer is dependent on
age, sex, and ethnic background. This highlights the
importance of early detection of cancer AAbs to
guide early interventions and improved outcomes
for PNS (4). Of special note, with the rise of immune
checkpoint inhibitors (ICI), the incidence of PNS has
increased substantially. It is now understood that

ICI can worsen already present subclinical PNS and
can help to trigger PNS de novo (8).
Regarding detection of AE AAbs, the tissue-

based assays (snap-frozen rat brain immunohisto-
chemistry/immunofluorescence assays, IHC/IFA)
followed by cell-based assays (CBA) with fixed or
live cells and/or immunoblots, depending on the
antigen, have been the adopted gold standard in
the few laboratories considered as reference labo-
ratories, and these techniques are not generally
available in other clinical laboratories (2, 9). The rat
brain IHC/IFA offers excellent sensitivity and spe-
cificity for screening multiple AAbs, however,
due to the complex and labor-intensive protocol
(7-day protocol; brain-extraction, fixation, cryo-
preservation, snap-freezing, and cryo-sectioning)
to retain the targets in the closest natural configu-
ration and specialized expertise required to iden-
tify the reactivity patterns, they are currently
available in only a few highly specialized neuroim-
munology laboratories (2, 9). More commonly,
clinical laboratories use commercial fixed CBA kits
for detecting AE AAbs; however, these commercial
kits when used alone lack the necessary sensitivity
and specificity with >12% positive cases missed
and risk for overdiagnosis (9). Commercial kits that
test multiple antigens may be useful for STAT test-
ing especially neural-surface AAbs, however, these
kits have been shown to linked with false-negative
results in a substantial number of patients, mainly
those affected by anti-LG1, GABABR or AMPAR en-
cephalitis (2, 10). Most clinical laboratories use the
commercial line blots, expressing recombinant
proteins, for detecting high-risk AAbs. While these
line blots can be a useful screening tool, the num-
ber of false positives has shown to be surprisingly
high, particularly for well-established “high-risk
AAbs” including Yo, CV2, Ma2, ZIC-4, and SOX1 that
can lead to overdiagnosis, unwarranted workups,
and possibly unnecessary treatments (4, 10–13).
To assure the highest specificity and sensitivity,

we recommend a comprehensive orthogonal test-
ing algorithm, in all suspected patients, in which
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panels of AAbs should be analyzed by combining
immediate screening using paraformaldehyde
fixed snap-frozen rat brain IHC/IFA with CBA for
neuronal-surface AAbs and concomitantly analyze
with perfused rat brain IHC/IF and immunoblots
for “high-risk AAbs.” The correct interpretation of
tissue staining pattern is extremely important
when reflex-testing, to ensure that IHC staining is
in fact concordant with the relevant antibody.
Figure 1 describes a comprehensive orthogonal
testing algorithm that we recommend in our clini-
cal laboratory (Fig. 1) (14–20).
Testing of cerebrospinal fluid (CSF) is mandatory

for NMDAR and other neuronal-surface AAbs as it
is more sensitive and specific for almost all. The
LGI1 AAbs is a proven contradiction, where serum
testing is more sensitive and CSF has 53% less
sensitivity as a comparison (9), resulting in testing
CSF alone may lead to false-negative results for
LGI1 AAbs. Therefore, we recommend performing

AAbs testing in paired serum-CSF samples con-
comitantly. In case of an unexpected positive or
negative result, e.g., neuronal-surface AAbs posi-
tive in serum but negative in CSF, retesting of the
sample should always be considered. While snap-
frozen rat brain IHC/IF screening can potentially
discover novel AAbs, in the case of anti-GlyR, and
anti-Recoverin, the rat brain sections have limited
utilities, thus any IHC negative samples with classic
PNS symptoms should be further tested for the
presence of these AAbs by immunoblots or CBA.
Similarly, a confirmatory CBA should also be per-
formed in case of IHC positive and immunoblot
negative samples with classic PNS symptoms.
Figure 2 represents antibody staining patterns for
common neuronal antigens such as Hu/ANNA-1,
Yo/PCA-1, AMPAR, and NMDA by IFA.
In addition, the CBA is generally considered

more sensitive than IHC for LGI1 and CASPR2-
AAbs (13). Previous and recent publications have

Sample Type:

Paraformaldehyde fixed rat brain, 
(for Cell surface antibodies)/perfused rat brain (For 

intracellular antibodies) IFA/IHC 

Autoimmune/PNS Evaluation, Paired 
Serum-CSF

Confirmatory Test:

Screening Test:

Positive Negative

Staining Pattern Interpretation   

Cell -Surface Antibodies

- If IFA/IHC pattern suggests N-methyl-D-aspartate (NMDA)-receptor antibody, 

then perform NMDA-R CBA

- If IFA/IHC pattern suggests Contactin-Associated Protein-Like-2 (CASPR2) 

antibody, then perform CASPR2 CBA

- If IFA/IHC pattern suggests LGI1 antibody, then perform LGI1- CBA

- If IFA/IHC pattern suggests AMPA-R antibody, then perform AMPA-R- CBA

- If IFA/IHC pattern suggests GABA-B antibody, then perform GABA-B- CBA

- If IFA/IHC pattern suggests DPPX antibody, then perform DPPX CBA

- If IFA/IHC pattern suggests mGlu R1 antibody, then perform mGlu R1 CBA

- If IFA/IHC pattern suggests IGlon5I antibody, then perform IGlon5 CBA

- If IFA/IHC pattern suggests mGlu R5 antibody, then perform mGlu R5 CBA13

- If IFA/IHC pattern suggests Tr (DNER) antibody, then perform Tr (DNER) 18

CBA

*CBA is more sensitive than IHC for LGI1 and CASPR212

Intracellular Antibodies

- If IFA/IHC pattern suggests Hu/ANNA-1 antibody, then perform Hu/ANNA-1 

immunoblots

- If IFA/IHC pattern suggests Ri/ANNA-2 antibody, then perform Ri/ANNA-2 

immunoblots

- If IFA/IHC pattern suggests Yo/PCA-1 antibody, then perform Yo/PCA-1 

immunoblots

- If IFA/IHC pattern suggests MA-2 antibody, then perform MA2- immunoblots

- If IFA/IHC pattern suggests PCA-2 antibody, then perform PCA-2- immunoblots

- If IFA/IHC pattern suggests GAD-65 antibody, then perform GAD-65 RIA and/or 

ELISA/CBA15,16

- If IFA/IHC pattern suggests Sox-1 antibody, then perform Sox-1 immunoblots

- If IFA/IHC pattern suggests Amphiphysin antibody, then perform Amphiphysin

immunoblots

- If IFA/IHC pattern suggests CV2/CRMP5 antibody, then perform CV2/CRMP5 

immunoblots

- If IFA/IHC pattern suggests Tr (DNER) antibody, then perform Tr (DNER) 18

CBA/immunoblots

- If IFA/IHC pattern suggests GFAP antibody, then perform GFAP by CBA

- Test Recoverin by immunoblots

- Test GlyR by CBA

- Test  KLH11 by CBA

- Re-examine in research setting for 

novel antibodies 

Fig. 1. Our recommendations on comprehensive orthogonal testing algorithm in case of clinically sus-
pected PNS.
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Cerebellum, Hu/ANNA-1 Cerebellum, Yo/PCA-1 Cerebellum, AMPAR

BA C

Cerebellum, NMDA-R Cerebellum, Nega�ve control

D E

Hippocampus, NMDA-R Hippocampus, Nega�ve control

F GGF

Fig. 2. Represents neuronal autoantibodies testing with IFA technique. IFA of rat brain cerebellum us-
ing serum and/or CSF from patients with antibodies to Hu (A), Yo (B), AMPAR (C), N-methyl-D-aspartate
(anti-NMDA) receptor (D), and a normal individual (E) and IFA of rat brain hippocampus using serum
and/or CSF from patients with antibodies to anti-NMDA (F), and a normal individual (G). Note the
arrows pointing to areas of IHC staining/reactivity; e.g., Hu antibodies (intracellular staining with in-
tense granular fluorescence in almost all nuclei; (A), Yo (cytoplasmic staining of Purkinje cells; (B),
AMPA (intense molecular layer staining; (C), NMDA (intense granular layer staining; and (D) in rat brain
cerebellum. In contrast, NMDA Ab reacts intensely with dentate gyrus of hippocampus (the arrows
pointing to the areas of reactivity in the molecular layer) of rat brain (F). Lack of staining present with
negative controls (E) and (G).
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also demonstrated the clinical utility of GAD65
cutoff by RIA and ELISA, although the IHC and/or
CBA may be used as corroborative cut-offs partic-
ularly in CSF of patients with typical GAD associ-
ated phenotype (16, 20).
The choice of testing specific antigens should

be based on the observed IHC/IF patterns com-
bined with the very important clinical information
such as patient’s demographics, neurological syn-
dromes, and cancer association. Any AAbs positive
result in CBA and commercial line blots that does

not match the IHC/IF patterns or with available
clinical picture, are considered questionable
and should be investigated further. In almost
every case of positive antibody finding the treating
neurologist should be contacted to assure
a higher likelihood of correct final diagnosis. It
is also highly helpful to discuss each case on
weekly “clinical rounds” inside the reference labo-
ratory with PNS interested neurologists, clinical
pathologists, scientists, and laboratory technicians
present.
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