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Paraneoplastic Neurological Diseases

araneoplastic neurological syn-
Pdromes (PNS) are neurological

disorders which are the indirect
effect of a tumour, ie. in which there is
no direct involvement of the tumour or
its metastases or its treatment. Although
some conditions can be caused by, for
instance, alterations in the levels of cir-
culating hormones or growth factors, the
PNS are now generally thought of as
immune-mediated conditions.

There are a number of classical syn-
dromes in which a suspicion of PNS must
always be considered (Table 1). The find-
ing of an onconeural (paraneoplastic)
antibody defines the neurological disease
as being tumour-related and a search for
the most likely tumour should be initiat-
ed. The PNS are not common diseases,
affecting at most 5% of those with small
cell lung cancer (SCLC) which is the most
common PNS-associated tumour. In a
recent survey conducted among UK
physicians, around 50 PNS were reported
in one year' which would give an approxi-
mate incidence of 1/million. However,
there is likely to be under-recognition and
under-reporting of these syndromes when
the patients’ symptoms may be inappro-
priately ascribed to tumour-associated
morbidity or treatment effects. Criteria
for classification of PNS as definite or pos-
sible have recently been proposed.’

The syndromes

There are a number of classical PNS
(Table 1). These can be rigorously
defined by following clinical, MRI and
other criteria which are summarised in
several reviews.”* The typical PNS pres-
ents subacutely with progression over a
period of around three months, after
which it may stabilise or (if the patient
survives) may take a progressive course.’
The clinical status can be assessed by a
Rankin score.

Onconeural antibodies

The antibodies (Tables 1 and 2) were
originally described by indirect
immunohistochemistry on human or
rodent brain sections (fixed in
paraformaldehyde or acetone) by
virtue of their very distinct patterns
(e.g. Figure 1A-D). However, not all
sera producing these patterns are spe-
cific for the paraneoplastic antigens
and immunoblotting has to be per-
formed to confirm the identity of any
antibody. Fortunately, there are now
commercial immunoblots which con-
tain six characterised antigens so that
serum testing can be performed in a
more standardised manner (Figure
1E). Nevertheless, certain antigens (e.g.
Tr, Figure 1B) are not available on the
commercial immunoblots.

It is thought that the typical antineu-
ronal antibodies, Hu, Yo, Ri,
amphiphysin, CV2, Ma2 and Tr are
extremely rare in patients without
tumours, but it is possible that in some
cases the tumour is occult throughout
the life of the patient. On the other
hand, some of the ion channel anti-
bodies that can be associated with PNS
are also found in non-paraneoplastic
forms of the disorders (e.g. in Lambert
Eaton myasthenic syndrome (LEMS),
acquired neuromyotonia).® The pres-
ence of Hu, CV2, or the recently
described anti-glial nuclear antibody

Figure 1: Examples of immunohistochemical
detection of onconeural antibodies binding to (A)
Yo in the Purkinje cells, (B) Tr in the Purkinje
cells and molecular layer (C) Ma/Ma2 in the brain
stem, and (D) nuclei in the Bergmann glia. (E)
Examples of immunoblots showing strong bands
representing binding of different sera to (reading
from left) HuD, Ri, HuD and CV2, and Ma2.
Positives represent a mixture of different sera.
Courtesy of Dr E Amyes and Mr James Hoy.

Classical paraneoplastic syndromes

Well-recognised onconeural antibodies

Most common tumours

Panencephalomyelitis Hu, CV2, amphiphysin SCLC, NSCLG, breast, thymoma
Subacute cerebellar degeneration Yo, Hu, Tr, CV2, Amphiphysin, Ma Ovary, breast, SCLC, NSCLC
Limbic encephalitis Hu, Ma2,CV2, amphiphysin, hippocampal neuropil, | SCLC, NSCLG, testicular

VGKC

non-seminoma, testicular
seminoma, thymoma, ovary,
breast, prostate

Subacute sensory neuronopathy Hu, CV2, amphiphysin, Ma2 SCLC, NSCLG, prostate

Lambert Eaton myasthenic syndrome VGCC also Hu, amphiphysin, Yo, Ri, CV2, Tr SCLC NSCLC

Dermatomyositis None SCLC, NSCLG, ovary, breast, prostate
Opsoclonus myoclonus Hu, Ri SCLC NSCLG breast

Chronic gastro-intestinal pseudoobstruction | Hu, CV2 SCLC, NSCLG, breast

Classical syndromes according to Graus et al (2004). Others that are ‘non-classical” but which may be paraneoplastic include brainstem encephalitis, optic neuritis,
cancer-associated retinopathy, stiff person syndrome, necrotising myelopathy, motor neuron disease, Guillain-Barré-Syndrome, brachial neuritis, other neuropathies,
myasthenia gravis, acquired neuromyotonia. The antibodies listed, apart from Tr, are principally those that are widely available and well characterised, and available on
immunoblots (e.g. Figure 1). Tr is not yet defined at the molecular level. VGCC and VGKC antibodies are also present in non-paraneoplastic cases and not available as part
of any paraneoplastic screen, in the UK. They should be requested separately if appropriate. SCLC = Small cell lung cancer and NSCLC = non-small cell lung cancer.
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(AGNA™, see Figure 1D), should help to indicate
an associated SCLC even in these cases.

Because the immune response is made in the
periphery against the tumour, the antibodies are
found at highest levels in the serum rather than
in the CSE. The only exception may be the neu-
ropil antibodies which are said to be easier to
detect in the CSE.’ The reason for this is not clear.

The tumours

The tumours that are most frequently associated
with PNS (Tables 1 and 2) are those with neu-
roendocrine origins, such as SCLC, or concerned
with the immune system, such as thymomas and
lymphomas. Non-small cell lung cancers
(NSCLC) are also quite commonly associated
with PNS. Tumours of ovary and breast and
many others may also induce PNS.

There are two PNS that are worth highlight-
ing. Young men (<50 years) presenting with lim-
bic encephalitis, often with additional brainstem
and hypothalamic symptoms, may have a testic-
ular tumour, and detection of Ma2 antibodies is
critical in pointing to this association.” These
patients appear to do reasonably well with treat-
ment of the tumour and immunosuppression
for the neurological syndrome. Young women
(below 45 years, so far) with a limbic encephali-
tis and often a more global encephalopathy with
severe disturbance of cognitive function, often
central hypoventilation and dyskinesias, may
have an ovarian or other teratoma associated
with antibodies to ‘neuropil’ of the hippocam-
pus, in some cases defined as NMDA receptors.’
These patients also are reported to do well with
the appropriate treatments for the tumours and
immunosuppression for the neurological syn-
drome.

Mechanisms

In most cases the antibodies are markers for the
immune response directed against the tumour
and are not in themselves pathogenic. This applies

Table 2: The onconeural antibodies and associated tumours

Well characterised antibodies

particularly to the well characterised antibodies.
The reasons for believing this is that the patients
do not respond well to immunotherapies alone,
and passive transfer of antibodies to experimental
animals does not induce disease. Concordantly,
the titre of Hu antibodies does not correlate with
disease severity on longitudinal studies." On the
other hand, the pathology of the brain (Figure 2D)
suggests that infiltrating T cells may be involved in
producing inflammation and in directly attacking
neurons. This is particularly likely to be the case in
paraneoplastic cerebellar degeneration where loss
of Purkinje cells has been demonstrated in post-
mortem tissue. Although T cell studies have not

Case vignette:

A 50-year-old lady with a longstanding histo-
ry of cigarette smoking presented with the fol-
lowing complaints: Starting three years ago,
she had been experiencing attacks typical of
simple partial temporal lobe seizures, a distur-
bance of recent memory, and weight loss.
Standard blood and CSF laboratory values
including microbiological search for common
neurotropic viruses were unremarkable. Brain
MRI revealed a temporomedial high intensity
FLAIR signal clearly greater on the right side
(Figure 2A). Testing for onconeuronal antibod-
ies by indirect immunohistochemistry on rat
brain revealed a pattern typical for AGNA
(Figure 2B). A tumour search revealed a left
hilar pulmonary mass (Figure 2C) which was
found to represent a SCLC with limited dis-
ease. The diagnosis was paraneoplastic limbic
encephalitis with SCLC associated with AGNA.
Following surgical, chemotherapeutical and
radiation therapy, the patient has been
relapse free for a follow-up of 2.5 years up to
now. The neurological syndrome has
remained unchanged.

Hippocampal neurapil including NMDAR
Retinal antigens eg. recoverin

Hu SCLG, other

Yo Breast, gynaecological

Ri Breast, gynaecological, SCLC
a2 SCLC, thymoma, other
Amphiphysin Breast, SCLC

Ma2/Ta Testicular or other solid tumours
r* Hodgkins lymphoma

Not widely recognised yet but can be helpful

Zic4, ANNA3, PCA2, Sox1 SCLC

Teratoma of the ovary
SCLC or melanoma

Antibodies associated with treatable syndromes
Maz2 antibodies, usually young males

Neuropil antibodies including NMDAR

Ganglionic AChR, autonomic neuropathies

VGCC LEMS

VGKC, neuromyotonia, limbic encephalitis

AChR, myasthenia gravis

Germ cell tumours of testis
Teratomas (ovarian)
SCLC, others

Nele

Thymoma, others
Thymoma

SCLC = small cell lung cancer

*Tr is not a well characterised antibody but can be readily recognised by its distinctive staining pattern on cerebellum.

Figure 2: Case of a 50-year-old female patient with
paraneoplastic limbic encephalitis with small cell lung
cancer and serum antibodies against AGNA. (A)
Coronal brain FLAIR MR image indicating increased
hippocampal signal without atrophy. (B) [18F]-
fluorodeoxyglucose positron emission tomography
coregistered with CT reveals a left hilar
hypermetabolic mass. Histological diagnosis: small cell
lung cancer, limited disease (C) Indirect
immunohistochemistry showing staining of patients
serum on paraformaldehyde fixed rat brain. Note the
nuclear staining of the Bergmann glia in the Purkinje
cell layer of the cerebellum. (D) Brain stem section of
a deceased patient with paraneoplastic
encephalomyelitis associated with Ma2 antibodies and
lung carcinoma, immunohistochemical staining for the
cytotoxic protein granzyme B: Multiple granzyme B
positive (i.e. cytotoxic) T lymphocytes attached to two
neurons (bar:20pm).
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Table 3: Some points to remember

Look for subacute onset, expanding MRI lesions, early progressive course often with stabilisation after a few

months
There may be more than one clinical syndrome

The tumour may be atypical
There may be more than one tumour

Tumour may not be found for up to five years (or even more sometimes)
Specific onconeural antibodies are not present in all cases

Detection of a well characterized onconeural antibody justifies a whole body CT-PET scan.

been extensive, they have shown some evidence
of antigen specific T cells which could be direct-
ly pathogenic (reviewed in reference 12).

These concepts do not, however, apply to
PNS with ion channel antibodies. In myasthe-
nia gravis, Lambert Eaton myasthenic syn-
drome and acquired neuromyotonia, the dis-
eases do respond well to immunotherapies even
in those with aggressive SCLC or malignant
thymoma. This is also the case with autonomic
neuropathies associated with ganglionic AChR
antibodies,” and is likely to be the case with
newly defined limbic encephalitis syndromes
which are associated with VGKC antibodies
(see reference 6). This condition is usually non-
paraneoplastic but can be associated with thy-
momas or other tumours. In both cases the
response to immunotherapy is very good, with
substantial clinical improvement.

Treatment

The primary therapeutic efforts in cases of PNS
should be directed against the underlying neo-
plasm, but immunological treatments should
also be tried. Successful tumour treatment is
associated with a halt in neurological disease
progression in about two-thirds of the
patients." Even in the absence of a large body of
data (let alone high-grade trial evidence), some
experience with immunotherapy directed
against the immune reaction in the nervous sys-
tem is available: In LEMS and myasthenia
gravis, intravenous immunoglobulins and plas-
ma exchange are effective therapeutic options for
suppressing the immune response.” In paraneo-
plastic encephalomyelitis including cerebellar
degeneration, on the other hand, immunosup-
pressive or immunomodulatory therapies have in

general been rather disappointing with a majori-
ty of patients having progressive neurological dis-
ease.'” Ma2 antibody associated PNS seems to be
an exception to the rule because about half of the
patients stabilise or even improve on therapy.”
Fortunately, immunotherapy does not seem to be
associated with a more rapid tumour progres-
sion. Therefore, immunotherapy (immunoglob-
ulins, methylprednisolone, cyclophosphamide or
a combination of those) from early on in con-
junction with tumour treatment is recommend-
ed" especially if the patient’s neurological con-
dition deteriorates rapidly. In cases of disease
progression despite treatment, escalation of
immunotherapy with increasing risks of side
effects should be used with caution. Usually,
patients deteriorate or are left with significant
disability despite immunosuppressive or
immunomodulatory treatment.

Conclusions

Detection of a specific antibody and recogni-
tion of a condition as paraneoplastic is impor-
tant because the information has aetiological
and prognostic relevance, and treatment of an
underlying tumour often stabilises disease pro-
gression. However, it should be appreciated that
despite the very important guidelines and asso-
ciations between different syndromes, antibod-
ies and tumours, there are often exceptions to
these rules. Table 3 highlights some points to
remember.
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