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Abstract: Paraneoplastic neurological syndromes (PNSs) cover a wide range of diseases

and involve both the central nervous system (CNS] and peripheral nervous system.
Paraneoplastic encephalitis comprises several diseases such as paraneoplastic cerebellar
degeneration (PCDJ, limbic encephalitis (LE), paraneoplastic encephalomyelitis (PEM), brain-
stem encephalitis, opsomyoclonus syndrome, in addition to other even less frequently occur-
ring entities. LE was the first historically identified CNS PNS, and similarities between other
temporal lobe diseases such as herpes encephalitis have been elucidated. In the past few
decades several autoantibodies have been described in association with LE. These encompass
the classical ‘onconeuronal” antibodies (abs) such as Hu, Yo, Ri and others, and now addi-
tionally abs towards either ion channels or surface antigens. The clinical core findings in

LE are various mental changes such as amnesia or confusion, often associated with seizures.
Careful characterization of psychiatric manifestations and/or associated neurological signs
can help to characterize the syndrome and type of ab. The treatment options in LE depend
on the aetiology. In LE caused by onconeuronal abs, the treatment options are poor. In two
types of abs associated with LE, abs against ion channels and surface antigens (e.g. NMDA],
immunomodulatory treatments seem effective, making these types of LE treatable
conditions. However, LE can also occur without being associated with cancer, in which

case only immunomodulation is required. Despite effective treatments, some patients’
residual deficits remain, and recurrences have also been described.
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Introduction

Limbic encephalitis (ILE), as first described by
Corsellis [Corsellis er al. 1968], is characterized
by an acute or subacute onset, memory loss, psy-
chiatric features and often seizures.
Psychopathologically it resembles Wernicke
Korsakow’s syndrome, or herpes encephalitis.
The descriptions of many clinical aspects of LE
have been extrapolated from herpes encephalitis
and several distinctive features exist [Gable ez al.
2009]. The neuropathology is located predomi-
nately in the mesial temporal lobes and other
parts of the limbic system, which can now be
visualized with new MRI techniques. The neuro-
pathological features are inflammation of the
brain parenchyma and sometimes also the
cortex with oedema [Ulrich ez al 1967].
Variants with pure sclerosis of Ammon’s horn
have also been described [Shinohara ez al. 2005].

The classical concept of LE has recently under-
gone a major revision. First it was understood
that many cases of LE were not paraneoplastic
and second that patients with LE may have clin-
ical symptoms indicating the involvement of brain
regions other than the limbic system. It was sub-
sequently learned that the clinical syndrome is
correlated with the associated autoantibodies.
Several classes of antibodies (abs) have been
described in association with LE [Graus er al
2010]: the classical onconeuronal abs that
are directed against intracellular antigens and
those directed against surface proteins (voltage-
gated potassium channel [VGKC] complex,
NMDA receptor [NMDAR], AMPA receptor
[AMPAR], y-aminobutyric acid (b) [GABA (b)]).

The distinction between the different causes of
LE is important for the patient, as there is a
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marked difference in therapeutic response: LE
associated with the classical onconeuronal abs is
unresponsive to treatment, while LE in associa-
tion with abs against surface proteins may
respond to immunomodulation. In this paper
we review the current knowledge of LE.

History

The first description of a paraneoplastic neuro-
logical syndrome (PNS) involving the brain
hemisphere was made by Brierley and colleagues
half a century ago [Brierley ez al. 1960]. Until
then it was assumed that a PNS could involve
the nervous system only caudally to the basal
ganglia. After Brierley and colleagues’ description
of three adult patients with a subacute encepha-
litis, other cases were identified. However the
definition of paraneoplastic limbic encephalitis
(PLE) was made by Corsellis and colleagues
8 years later [Corsellis er al. 1968].

Corsellis and colleagues’ [Coresellis ez al. 1968]
cases were two men aged between 50 and 60,
who seemed to suffer from depression and irrita-
bility for some weeks, marking the preceding
event. The hallmark of presentation was a loss
of recent memory which, in the first patient
seemed to increase over a period of months.
Memory of past events was not impaired and
judgement and reason were intact. This aspect
of seemingly unimpaired judgement, contrasting
with the loss of recent memory, often resulting in
a loss of orientation, has also been emphasized by
other authors [Storring er al. 1962].

Another feature was seizures, which originally
suggested a focal brain disease. Both patients
underwent an autopsy, which ruled out brain
metastasis and confirmed an underlying lung
cancer. Neuropathology showed lymphocytic
perivascular cuffing and infiltration in many
parts of the brain, including the cortex. The
mesial-temporobasal lobe was severely affected,
due to the distribution, and revealed similarities
with herpes encephalitis.

Several more recent descriptions of LE in the
context of PNS have been published [Vedeler
and Storstein, 2009; Voltz et al. 1999; Dalmau
and Posner, 1997] and, more recently, diagnostic
criteria for the diagnosis of PLE have been
defined by Graus and colleagues [Graus er al.
2004].

Limbic encephalitis and clinical features

The key features in LE are an acute or subacute
onset of recent memory disorder associated with
seizures. Patients may also present with psychiat-
ric manifestations that can vary in the different
syndromes. As reported by Kayser and col-
leagues, a combination of distinct psychiatric dis-
turbances with neurological symptoms and other
findings seem to be distinctive for the different
types of LE [Kayser ez al. 2010]. The psychopa-
thology of LE is often vaguely described in the
neurological literature although descriptions of
temporal lobe pathology with references to pos-
sible mechanisms in schizophrenia are on the rise
in the psychiatric literature [Zandi er al. 2010].

Paraneoplastic limbic encephalitis ‘plus’

The involvement of extralimbic areas may occur
in patients with a core clinical picture of LE.
These types of LE could be termed ‘LE plus’.
In relation to other parts of ‘encephalitic’ involve-
ment, brainstem, diencephalic and cortical
involvement have been described. Additional
central nervous system (CNS) dysfunctions can
be found in the brainstem, cerebellum and spinal
cord (myelitis) representing the clinical spectrum
of encephalomyelitis. The PNS Euronetwork
database [Giometto er al. 2010] enrolled 104
patients with a clinical picture of LE, 55 of
whom had additional symptoms. Some of the
extralimbic symptoms may be helpful in diagnos-
ing specific encephalitis subtypes. For example,
in NMDA encephalitis, changes were detected in
levels of consciousness [Irani er al. 2010a],
together with extrapyramidal symptoms and
hypoventilation [Saiz er al. 2009], suggesting
brainstem involvement. Conversely, hyponatre-
mia, causing additional neurological and internal
medical symptoms, seems to be a feature of
encephalitis associated with anti-VGKC complex
abs. The widening of the clinical spectrum of LE
has recently supported the idea of moving from a
clinical to an ab-based classification of this group
of patients.

Limbic encephalitis and imaging

In 1988 Kohler and colleagues described the first
case of increased temporal lobe signal on T2-
weighted MRI sequences in patients during the
acute phase of LE [Kohler er al. 1988]. It was
shown that these alterations correspond to the
presence of an inflammatory infiltrate at the
autopsy examination and that the lesion may
evolve into hippocampal sclerosis. Today it is
known that in the acute phase of the disease
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increased signal activity on T2 or fluid-attenu-
ated inversion recovery (FLAIR) MRI sequences
is present in 70—80% of cases. Fluoro-deoxyglu-
cose positron emission tomography (FDG-PET)
may detect the presence of hypermetabolism
before the development of MRI abnormalities
and may be modified with the clinical course of
the disease, while MRI abnormalities remain
unchanged [Dirr ez al. 1990].

Limbic encephalitis and EEG

EEG is not really useful for the diagnosis. It is
needed to detect the presence of epileptic dis-
charge in the temporal lobe or to show diffuse
slow-wave activity. Although it is not a diagnostic
tool, it can be very useful in distinguishing
between a confusional state and a partial complex
seizure. Recently it has been also reported that
EEG is indicated in patients with LE because
the rhythmic delta activity found in comatose
patients with anti-NMDAR ab encephalitis may
represent a pattern of status epilepticus
[Kirkpatrick ez al. 2010].

Tumour types

In PLE a tumour is detected in about 60% of
cases. In the PNS Euronetwork database
[Giometto er al. 2010] a tumour was detected
in 51 cases of LE. In 40 patients the tumour
was identified after neurological syndrome
onset, with a median time of 2 months (range
0.5—23 months). The most frequent tumour
type was small cell lung cancer (SCLC; n=23)
followed by testicular (z=9) and breast (n=4)
tumours. Other malignancies were gastrointesti-
nal (n=3), ovarian (n=2), thymoma (z=1) and
neuroblastoma (z=1). Two cases were of
unknown primary origin.

Classification of Limbic encephalitis by
antibodies

Recently the classification of LE changed from
being clinical to being based on the associated
abs [Graus ez al. 2010], as reported in the follow-
ing. The abs associated with LE may be divided
into classical onconeuronal abs that are typically
directed against intracellular antigens and associ-
ated with PLE, and abs directed against surface
antigens that may be found in PLE, but more
frequently occur in patients with autoimmune
but nonparaneoplastic LE. There are also reports
of LE associated with other abs that cannot clas-
sified into the two groups reported above.

Classical onconeuronal antibodies

This group encompasses PLE that may respond
to tumour treatment (as LE associated with anti-
Ma2), while the response to immunomodulatory
therapy is low (Tables 1 and 2).

Anti-Hu. Anti-Hu abs are usually detected in
patients with multifocal neurological involvement
referred to as anti-Hu syndrome [Luchinetti ez al.
1998; Dalmau et al. 1992]. In some cases there
could be more focal neurological involvement
and LE may dominate the clinical picture.
Patients are usually older than 40 years and smo-
kers. Clinically, seizures, short-term memory def-
icits and confusion appear. A depressive phase
can precede the onset of LE. MRI often reveals
changes in the mesial temporal lobe that may
evolve into atrophy. The cerebrospinal fluid
(CSF) has moderate inflammatory changes,
with lymphocytic infiltration. Oligoclonal bands
may be positive. In about the 70% of patients
with LE and anti-Hu abs the associated tumour
is SCLC, while it has been shown that only 50%
of patients with LE and SCLC harbour anti-Hu
abs. It does, however, seem that harbouring anti-
Hu abs is a negative prognostic factor. Some
patients may present only with a clinical picture
of temporal seizures or epileptic status. A case of
organic epilepsy associated with anti-Hu abs and
SCLC [Fadul ez al. 2005] has also been reported
recently. Anti-Hu associated LE responds neither
to tumour therapy nor to immune suppression

Anti-Ma2. Ma2 abs can appear in association
with limbic or brainstem encephalitis [Barnett
et al. 2001; Dalmau er al. 1999]. Hallucinations,
memory loss and seizures are the characteristic
findings. MRI changes occur in the mesial tem-
poral lobe, and hypothalamus. Patients are usu-
ally males younger than 40 years of age.

Excessive daytime sleepiness, narcolepsy, loss of
libido and weight gain can be suggestive of hypo-
thalamic involvement. Testicular germ-cell or
seminoma or breast carcinoma [Sutton et al
2000] have been described as associated cancers.
Compared with the other LEs caused by onco-
neuronal abs, tumour treatment and/or immuno-
therapy can be beneficial [Hoffmann ez al. 2008;
Rosenfeld er al. 2001]. The association of a
tumour of the testis and Ma2 encephalitis is
strong, and even orchiectomy has been advised
in suspected cases [Mathew er al. 2007].
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Table 1. Onconeuronal antibodies: psychiatric and neurological manifestations.

Table 2. Psychiatric and neurologic symptoms in NMDA, AMPA and GABA (b) surface antibodies.

Anti-CV2/CRMP5. The ab CV2 is

directed

against the collapsin response mediator protein
(CRMP5) and may be associated with different

PNSs including LE [Antoine et al

1993].

Anti-CV2/CRMP5-associated LE is, however, a
rare disease that involves males and females of
median age equally [Knudsen er al. 2007].
There is more frequently an association with
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hyperkinetic movement disorders, most notably
chorea [Vernino ez al. 2002]. The most frequently
associated tumours are SCLC and thymoma, but
a testicular tumour may also be detected, as
reported by Kellinghaus and colleagues
[Kellinghaus et al. 2007]. Recently Knudsen
and colleagues reported the case of a 52-year-
old patient with subacute cognitive decline
associated with thymoma harbouring abs direc-
ted against the collapsin response mediator
protein types 3 and 4 (CRMP3 and CRMP4)
[Knudsen er al. 2007]. These proteins have
50% homology with the CRMP5. No systematic
series of treatment responses could be identified.

Anti-Ri. Anti-Ri abs are typically found in
patients with opsoclonus—myoclonus syndrome
and ataxia associated with SCLC or breast
cancer. There are few case reports of LE associ-
ated with anti-Ri abs [White and Beringer, 2010;
Launary er al. 2008; Harloff ez al. 2005]. Recently
an encephalitic syndrome characterized by jaw
dystonia and laryngospasm, also associated with
ataxia and other CNS signs, was described in
association with anti-Ri abs [Pittock er al
2010]. Neuropathological investigations included
the brainstem in two patients and showed only
mild inflammation with cell loss, pointing to
chronic encephalomyelitis. Treatment is symp-
tomatic (botulinum toxin) and in some cases
tumour chemotherapy and immunomodulation
(steroids, intravenous immunoglobulins [IVIg],
etc.) have been applied.

Anti-amphiphysin. The spectrum of neurological
syndromes that may related to anti-amphiphysin
abs was extended by Dropcho in 1996 when he
reported the association of this ab with a clinical
picture of PEM in three patients with SCLC
[Dropcho, 1996]. Subsequently other cases
were reported in which patients presented a clin-
ical picture not unlike that identified in patients
with anti-Hu abs. It is important to observe that
myoclonus and rigidity of the limbs and trunk
may be present in patients with PEM associated
with anti-amphiphysin abs, but are not usually
observed in patients with anti-Hu abs.

In the literature 23 cases of LE associated with
anti-amphiphysin abs have been reported, but
detailed clinical information is available only for
one case described by Dorresteijn and colleagues
[Dorresteijn ez al. 2002]. The larger series
described by Pittok and colleagues reports on
19 patients with LE but 12 of them also had

other associated autoantibodies [Pittok er al.
2005]. Four cases of LE associated with amphi-
physin are collected in the PNS Euronetwork
database (three males and one female, median
age 72 years). An associated tumour was found
in three cases (two lung cancers and one breast
cancer). Three patients died due to the progres-
sion of the neurological condition and none
improved with tumour therapy.

Surface antibodies

LE associated with surface abs is first an autoim-
mune disease that responds to immunomodula-
tory treatment and may have a relapsing—
remitting course. In some cases it is associated
with a tumour and LE may be considered para-
neoplastic in origin. Some of these abs were first
defined as antineutrophil abs [Ances ez al. 2005;
Vitaliani ez al. 2005] because of their appearance
on immunohistochemistry. Recently many of the
targets have been identified, but this group will
probably grow in the future.

Anti-VGKC complex antibodies. VGKCs were
first described in conjunction with neuromyoto-
nia [Kleopa er al. 2006; Thieben er al. 2004;
Vincent et al. 2004; Pozo-Rosich et al. 2003;
Hart ez al. 1997].

Anti-VGKC abs have subsequently been found in
patients with a combination of neuromyotonia,
autonomic dysfunction, sleep disorders
[Montiel ez al. 2008] and cognitive impairment,
referred to as Morvan’s syndrome [Liguori ez al
2001], and in patients with LE [Reid ez al. 2009]
or isolated epilepsy. LE associated with anti-
VGKC abs differs from the other types of LE
because hypersomnia and hyponatremia may be
present. Moreover the clinical syndrome may
have a relapsing—remitting course and usually
responds to immunomodulatory treatment with
plasma exchange, IVIg or steroids.

In the majority of cases with anti-VGKC the
pathogenesis seems to be autoimmune not para-
neoplastic. However in 25-30% of cases a
tumour may be detected (mainly thymoma or
SCLC). It has also been reported that lung
cancer, VGKC abs and other abs may be
detected in patients. This ab, initially called
AGNA, is directed against the protein Sox 1
and seems to be strictly associated with lung
cancer in patients with neurological syndromes
associated with abs directed against ion channels

http://tan.sagepub.com
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[Sabater ez al. 2008; Zuliani er al. 2007; Graus
et al. 2005].

Recently it has been reported that VGKC are not
the real target of the abs as previously assumed.
Irani and colleagues reported that the sera of
patients with anti-VGKC identified by the radio-
immunoassay (RIA) technique did not bind to
Kvl.1-transfected cells [Irani er al. 2010b];
rather they bound to two proteins which are
part of the dendrotoxin-labelled VGPC complex
used in the serological assay. One of these
proteins was contactin-associated protein-2
(Caspr2), which colocalized with Kvl.1 and
Kv1.2 at the neuronal juxta-paranode and is
essential for VGKC clustering. It also seems
that abs directed against Caspr2 are more fre-
quently associated with Morvan syndrome and
thymoma. The second protein to be identified
was leucine-rich glioma inactivated 1 (Lgil),
which is a secreted protein that colocalizes with
Kvl1.1 subunits in CNS presynaptic terminals
and serves as the ligand of two epilepsy-related
proteins, ADAM 22 and ADAM 23. Abs directed
against LGI1, as confirmed by Lai and col-
leagues, seem to be the main target in patients
with autoimmune nonparaneoplastic LE [Lai
et al. 2010]. These two recent publications indi-
cate that the terms LE associated with anti-
VGKC abs should probably be avoided, with
preference being given to the definition of LE
with anti-VGKC complex abs.

Anti-NMDAR. Anti-NMDAR abs were first iden-
tified in young women with ovarian teratoma and
a clinical picture of a potentially reversible
encephalitis [Dalmau er al. 2007; Vitaliani ez al.
2005]. The clinical syndrome has an acute—
subacute onset often antedated by a flu-like
episode. Patients present with often severe psy-
chiatric symptoms, including abnormal behav-
iour, personality changes, delirium that may
evolve to a well-defined psychosis; some patients
may be seen for the first time in a psychiatric
unit. Memory problems and seizures are also pre-
sent. Moreover, other clinical symptoms may be
present that indicate involvement of areas outside
the limbic system, particularly involvement of the
brainstem and basal ganglia. Some patients may
deteriorate with a reduced level of con-
sciousness, even progressing to a catatonic state.
Neurologically, tonic—clonic seizures [Bayreuther
et al. 2009], autonomic instability and dyskine-
sias [Kleinig er al. 2008], particularly oral, can
occur. Hypoventilation can be a threatening

additional finding and was observed in 66% of
one case series [Dalmau ez al. 2008].

Younger people are mostly affected, including
children [Wong-Kisiel ez al. 2010; Dale ez al
2009; Florance et al. 2009; Schimmel ez al
2009]. The syndrome has also been reported to
occur during pregnancy [Ito er al. 2010]. Around
55% of affected women aged over 55 years have
an ovarian teratoma but other tumours and hae-
matological diseases may also be identified
[Zandi ez al. 2009]. In NMDA-associated PNS
encephalitis, tumour removal can have a positive
effect [Shindo ez al. 2009] and immunotherapy
may be beneficial.

Anti-AMPA [GluR1/2). This is a rare syndrome,
in which abs are directed against the subunits
GluR1l and GIuR2 receptor [Bataller er al
2010]. Clinically, this syndrome is a classical
LE with memory loss, psychiatric symptoms
and seizures [Bataller er al. 2010; Lai er al.
2009]. In the majority of patients a tumour can
be found particularly in the lung, breast or
thymus. This syndrome responds to immunomo-
dulation but a relapse may occur, even during
treatment [Lai er al. 2009].

Anti-GABA(b) receptors. Another type of surface
ab recognizes the B1 subunit of the GABA (b)
receptor [Lancaster er al. 2010]. This receptor
has an inhibitory function and has been associ-
ated with seizures and memory dysfunction. Only
one case series has been reported. In this series a
tumour was identified in seven of 15 cases and
was an SCLC in five cases. Tumour treatments
or immunosuppression can induce remission in
most patients.

Other types of LE

Several other types of encephalitic syndromes
have been described and although their descrip-
tion is purely observational, they can provide
interesting aspects on the pathomechanism of
immune-mediated or paraneoplastic encephalitis.

Ophelia syndrome. Ophelia syndrome has been
described by Carr [Carr, 1982]. Degenerative
hippocampal changes have been described as a
paraneoplastic syndrome [Shinohara ez al
2005]. In this regard no association with abs or
response to therapy is known. Neuropathologi-
cally, degenerative changes without inflammation
have been described. This so-called ‘Ammon’s
horn sclerosis’ has also been described in earlier
observations [Ulrich er al. 1967].
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The following is a case vignette of a patient with
LW, and autoptic noninflammatory Ammon’s
horn sclerosis (see also Figure 1):

A 50-year-old parient was diagnosed with a pri-
mary CNS lymphoma (PCNSL). She was treated
with chemotherapy, and responded well. During
treatment she had several seizures, and wmental
changes were noted. She was referred to the neurol-
ogy department as a patient with acute ‘dementia’.
Psychopathologically, loss of recent memory had
occurred, and she presented with a Korsakow-like
syndrome. LE was suspected, but several MRI stud-
ies of the temporal lobe were negative. CSF had mild
pleocytosis and an elevated protein level. Testing for
onconeuronal abs and VGKC were negative; surface
abs were not tested.

Trearment with steroids and IVIg was not successful.
The patient was referred to a nursing home. Several
months later she was readmitted after a new series of
seizures. At this ime a parietal lobe recurrence of the
PCNSL had occurred. The patient deteriorated and
subsequently died.

The autopsy demonstrated pneumonia as the cause
of death and the PCNSL recurrence was confirmed.

The Ammon’s horn was not atrophic (Figure 1A)
and low power magnification (Figure 1B) showed
diffuse cell loss, which was confirmed by large power
views (Figure 1C and D). No inflammation, be it
parenchymal or around the vessels, was noted at any
time. The topical distribution confirms the anatom-
ical site of LE. Retrospectively, it remains unclear
whether this type of Ammon’s horn sclerosis is the
residual state of an inflammation, or a primary
sclerosis.

Anti-GAD antibodies. We include encephalitis
associated with anti-GAD abs in this group
because it is a predominantly a nonparaneoplas-
tic form of encephalitis, but the target antigen is
intracellular.

Abs against glutamic acid decarboxylase (GAD)
are predominantly found in patients with stiff
person syndrome [Mata er al. 2010]. However,
an association with ataxia, seizures, LE [Malter
er al. 2010] and possibly psychosis has also been
observed. Patients with LE associated with anti-

Figure 1. Illustration of the case vignette. The Ammon’s horn was not atrophic (A]. Low power magnification
(B): diffuse cell loss, confirmed by large power views (C, D). No inflammation either parenchymal or around
vessels was detected. (Images courtesy of Professor M Klimpfinger, Institute Pathology, KFJ Hospital, Vienna).
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GAD are usually young adults. A Japanese group
reported on a patient with severe seizures and
bilateral frontal lesions on MRI, who responded
well to plasma exchange [Kobayakawa et al
2010]. Steroids also seem to be effective
[Akman ez al. 2009].

Progressive encephalomyelitis with myoclonus
and rigidity. Progressive encephalomyelitis with
myoclonus and rigidity (PEMR) is a rare enceph-
alitic syndrome involving the limbic system,
brainstem and spinal cord. Clinically painful
muscle cramps, axial rigidity, ataxia, myoclonus
and dysautonomia appear. High titres of GAD
abs can be detected in the serum, together with
anti-amphipysin abs; an association with breast
cancer has also been described [Meinck and
Thompson, 2002; Marchiori et al. 2001].

Other abs have been identified in encephalitis
with psychiatric symptoms. These were abs
against Serin/threonine kinase 2 (BRSK2)
[Sabater ez al. 2005] and adenylate kinase 5
[Tanztn er al. 2007]. Confusion, memory loss,
delusions and agitation were described.

Differential diagnostic considerations

The clinical phenomenology of LE, although
diverse for the different associated abs, can be
observed in other diseases as Wernicke’s enceph-
alopathy, viral encephalitis (HSV-1 and EV), pos-
sibly rabies [Plotkin, 2000], syphilis [Hama ez al.
2008; Vieria et al. 2005] and local tumours, most
notably glioma [Deramecourt ez al. 2009] or glio-
matosis cerebri [Simo and Dalmau, 2009]. LE
has also been described in posttransplant patients
[Seeley ez al. 2007].

In the aged population, delirious states can be
difficult to differentiate from LE. A new dimen-
sion of considerations are psychotic states, which
may resemble presentations described in NMDA
encephalitis.

Therapy

Steroids, immunosuppression and immunomo-
dulation, as plasma exchange, immune adsorp-
tion or IVIg have been applied in all types of
LE [Vitaliani er al. 2008]. However, there are
practical implications. In each case of a possible
immunomediated encephalitic syndrome, or in a
suspected LE, a number of differential diagnoses
have to be excluded. The detection of specific
abs, such as onconeural or surface abs, usually

takes time. In particular the lab workup for the
surface abs is currently available in only a few
centres in Europe and the treatment decision
should not be delayed. The current concept
is that PNS needs to be arrested at an early
stage [Greenlee, 2010; Vincent, 2010]. A
patient presenting with a combination of differ-
ent psychiatric and neurologic symptoms can
be a useful clue. For example, the combination
of psychiatric delusional symptoms for several
weeks, a psychotic onset, seizures and hypo-
ventilation would be a combination pointing
towards an NMDA-type of encephalitis.
Pragmatically, if other treatable conditions, such
as infections or tumours, have been reasonably
ruled out, immunomodulation should be consid-
ered, even before a tumour search is concluded.
A rational approach to tumour screening in PNS
has recently been published [Titulaer et al.
2010].

In contrast to the ‘classical onconeuronal abs’,
where a treatment response is infrequent, LE
caused by VGKC, NMDA abs and anti-GAD
abs seem to be treatment responsive. Cancer
treatment and/or tumour removal also seem to
have positive effects in paraneoplastic types of
LE associated with voltage-gated or surface abs.

Immunosuppressive treatment in patients with
cancer can, however, be a cause for concern,
as tumour progression can potentially be
influenced.

Owing to the rarity of these syndromes, no sys-
tematic studies are available and existing work is
based on observations. Hence, the treatment of
PNS encephalitis is not evidence based [Vedeler
et al. 2006] and the above suggestions are a sum-
mary of existing reports.

Strategically the first level of intervention is ste-
roids (daily gram doses similar to those used in
the treatment of multiple sclerosis) and/or IVIg.
A more invasive procedure is PL plasma
exchange and/or immune apheresis, where abs
and possibly other immune pathogenetic factors
are removed. Level 2 is more extensive immuno-
suppression with cyclophosphamide, mycophe-
nolate mofetil [Saidha er al. 2010] and, in
selected cases, with abs such as rituximab.

In PNS with identified cancer, the tumour treat-
ment can be beneficial. There may be an effect on
the tumour per se, or immunosuppression exerted
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by the tumour therapy. The use of level 2 immu-
notherapy prior to tumour treatment is contro-
versial and has not been resolved.

Despite the lack of evidence for immune and
cancer therapy for PNS, symptomatic treatment
should be provided from the beginning. Specific
therapies for seizures, control of psychiatric man-
ifestations and autonomic problems should be
used.

Symptomatic therapy

Symptomatic treatment involves specific medica-
tions such as drugs for seizure control, medica-
tions to improve autonomic symptoms, and other
symptom-oriented treatments as physiotherapy
and occupational therapy, speech therapy and
psychological support. In particular in patients
with paraneoplastic encephalitis caused by onco-
neural abs, all symptomatic therapeutic strategies
must be exploited, to improve symptoms and
quality of life. In conditions caused by ion chan-
nel and surface abs, symptomatic treatment is
also necessary, but substantial improvement or
even cure can be expected.

Conclusion

Immune-mediated or paraneoplastic LE has core
symptoms of seizure, amnestic syndromes and
mental changes even appearing as psychosis.
Recently it has been recognized that widespread
involvement of the brain is possible in these
patients and the term encephalitis is preferred
to LE in these cases.

The present classification is based on the associ-
ated abs and includes LE with the classical onco-
neuronal, and LE with surface abs. Several other
more rare ab-associated encephalitic syndromes
have also emerged.

The description of the clinical neurological symp-
toms, most notably the psychiatric manifestations
[Kayser er al. 2010], are helpful in recognizing
the associated abs.

At present none of the therapies are evidence-
based. The impression is that LE caused by
the classical onconeuronal abs is quite resistant
to treatment, while in surface ab-related enceph-
alitis, treatment (when the case) and immuno-
modulation is beneficial, although relapses do
occur.
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