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KEY POINTS

o Neoplastic meningitis (NM) is an uncommon metastatic manifestation of cancer, characterized by

multifocal neurologic signs and symptoms.

e In a suspected case of NM, work-up includes detailed clinical examination, MR imaging of the brain
and entire spine with and without contrast, cerebrospinal fluid analysis and pressure measurement,
and systemic imaging, staging, and restaging of the primary tumor with PET-computed tomogra-

phy or MR imaging.

e Paraneoplastic syndromes (PNSs) are a group of disorders present in patients with cancer, which
may involve any part of the nervous system (central and peripheral nervous disorders) and simul-

taneously may affect multiple areas.

e PNSs encompass a variety of symptoms or syndromes, including limbic encephalitis, cerebellar
degeneration, brainstem encephalitis, striatal encephalitis, and opsoclonus-myoclonus syndrome.

INTRODUCTION

Neoplastic meningitis (NM) is an uncommon met-
astatic manifestation of cancer, characterized by
multifocal neurologic signs and symptoms and
usually occurring late in the course of the disease.
Diagnosis is challenging but essential to prevent
progressive neurologic injury that substantially im-
pairs cancer patients’ quality of life. Clinical exam-
ination has a minimal role in the diagnosis of NM.
The most common tests employed are the brain
and spinal axis MR imaging and cerebrospinal
fluid (CSF) cytology.

The incidence of NM varies, depending on the pri-
mary site of the tumor. NM is diagnosed in 4% to
15% of patients with solid tumors (carcinomatous
meningitis), 5% to 15% of patients with hematolog-
ical malignancies (leukemic or lymphomatous men-
ingitis), and 1% to 2% of patients with primary brain
tumors.”* NM is associated with significant

morbidity and short survival rates, ranging from
several weeks to 8 months. Adenocarcinoma is the
most frequent histology, whereas among the solid
tumors, breast, lung, and skin are the most common
primary sites of leptomeningeal metastasis.
Although small cell lung carcinoma (SCLC) and mel-
anoma have the highest rates of spread to the lepto-
meninges, with 11% and 20%, respectively, breast
cancer, because of its higher incidence, accounts
for most disorder cases despite a 5% metastatic
rate.>” Lymphomatous meningitis is reported
most commonly with diffuse high-grade non-Hodg-
kin lymphoma. Prophylactic treatment commonly is
considered in patients with aggressive non-Hodgkin
lymphoma, such as Burkitt lymphoma and lympho-
blastic lymphoma, because these diseases have a
greater than 25% risk of meningeal relapse without
central nervous system (CNS)-directed therapy.
NM is the initial manifestation of systemic cancer
in only 5% to 10% of patients.? Synchronous
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intraparenchymal brain metastases are evident in
11% to 31% of patients with NM.8

PATHOPHYSIOLOGY

For NM to occur, tumor cells must reach the
meninges and CSF. The invasion of the meninges
occurs through different pathways, depending on
the histology of the primary tumor. These include
hematogenous (venous or arterial) spread, neural
spread (endoneuronal and perineural), perivascu-
lar lymphatic spread, and iatrogenic spread.®'°
In addition, spread may occur directly from brain
parenchyma or bony tumor lesions in the skull,
spine, or choroid plexus or from de novo tumors.
All routes give tumor cells access to the subarach-
noid space of the CNS. With regard to hematoge-
nous spread, tumor cells in the bloodstream
become lodged in small-caliber CNS vessels,
resulting in ischemia distal to the affected vessel.
This disrupts vessel endothelium and surrounding
basement membranes, allowing tumor cells to ac-
cess the CSF around the damaged vessel (the
Virchow-Robin space) and the subarachnoid
space.®'° Tumor cells can gain access to the ven-
tricular system by invading the subependymal lin-
ing of the ventricular wall.

The threshold number of tumor cells necessary
to reach the CSF and result in clinical NM is un-
known. The location of the tumor, however, plays
a vital role in the spread. The closer proximity of
the tumor to the meninges leads to a higher inci-
dence of NM. Medulloblastomas (tumors located
in or near the fourth ventricle) and pineoblastoma
(near the pineal gland) are notable examples
of this principle."" Astrocytomas are not a signifi-
cant cause of NM. Postoperative NM, presumably
caused by intraoperative tumor cell seeding of the
CSF, has been reported in 5% to 40% of patients
after craniotomy. The risk of NM is higher in pa-
tients undergoing craniotomy for posterior fossa
metastases than supratentorial metastases.'?

CLINICAL FEATURES

Clinical diagnosis of NM is challenging, and suffi-
cient suspicion is required to warrant diagnostic
testing. A majority of patients present with multi-
focal neurologic symptoms that vary according
to anatomic areas of the CNS: cerebrum (15% of
patients), cranial nerve/brainstem (35%), and spi-
nal cord (60%)'®'# (Table 1). Cerebral symptoms
include headache, dizziness/vertigo, confusion,
fatigue, gait instability, aphasia, altered mental
status, seizure, hemiparesis, and numbness. The
most common of these manifestations are head-
ache and mental status changes.’?'37'® When

the posterior fossa is the primary site of the NM,
most clinical symptoms are due to cerebellar
dysfunction; these include unsteady gait, diplopia,
ataxia, and falls. Cranial nerve lesions are reported
in approximately 40% of patients.”2%'5 The
most common dysfunctions are of the oculomotor,
facial, cochlear, and optic nerves. Cranial nerve
and brainstem symptoms include loss of visual
acuity, diplopia, facial muscle weakness, hearing
loss, dysphagia and dysarthria, hoarseness,
decreased hearing, and facial pain or numbness.
Diplopia is the most common symptom of cranial
nerve dysfunction, with cranial nerve VI the most
frequently affected, followed by cranial nerves Il
and IV."213716 gymptoms involving the spinal
cord may include lumbar pain, limb paresis or pa-
ralysis, bowel and bladder dysfunction, and loss of
reflexes leading to cauda equine or cauda medul-
laris syndrome.

One of the most common complications of NM
is communicating hydrocephalus due to blockage
of the basal cisterns and obstruction to CSF ab-
sorption at the arachnoid granulation level.®'”
Less common complications are basal ganglia or
internal capsule infarctions due to vascular
compression and development of vasculitis, with
vasospasm and thrombosis from exudate sur-
rounding small perforating vessels. These are
seen more commonly in pediatric patients.

DIAGNOSIS

NM is diagnosed using the National Comprehen-
sive Cancer Network guidelines.'® Diagnosis is
established on positive CSF cytology for malignant
cells, and/or leptomeningeal and nodular
enhancement on computed tomography (CT) or
MR imaging in a patient with known malignancy.
There are ongoing efforts by Response Assess-
ment in Neuro-Oncology (the Leptomeningeal
Assessment in Neuro-Oncology scorecard) and
the European Association of Neuro-Oncology-Eu-
ropean Society of Medical Oncology to stan-
dardize the diagnostic work-up and interpretation
of NM."%20 These groups use clinical symptoms,
imaging, and CSF analysis for diagnosis and
assessment of treatment. Unfortunately, neither
of the 2 systems has been validated.

In a suspected case of NM, work-up includes
detailed clinical examination, MR imaging of the
brain and entire spine with and without contrast,
CSF analysis and pressure measurement, and
systemic imaging, staging, and restaging of the
primary tumor with PET-CT or MR imaging.
Although positive CSF cytology provides the high-
est degree of certainty in an NM diagnosis, it is not
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Table 1

Cerebral symptoms

Cranial nerve dysfunction

Spinal symptoms

Major neurologic symptoms of neoplastic meningitis

Headache

Mental changes
Nausea

Vertigo

Vomiting

Seizures
Communicating hydrocephalus
Gait alterations
Coordination disorders
Diplopia

Vision loss

Hearing loss

Facial paresis
Hoarseness

Hypoacusia

Ocular motility deficits
Dysphagia
Bilateral/unilateral pain
Loss of reflexes
Paresthesia

Motor deficits
Weakness in extremities

essential for initiating treatment if the remainder of
the evaluation is supportive of NM.

Diagnosis of NM largely depends on document-
ing circulating tumor cells in the CSF.?" The site of
the CSF tap and yield depend on the symptoms
and type of the primary malignancy. Cytology of
CSF obtained by lumbar puncture is more likely
to be positive than CSF obtained from ventricles
if spinal cord-related symptoms are present and
vice versa if cranial-related symptoms are present.

CSF abnormalities include increased opening
pressure (>200 mm of H,0), increased leukocytes
(>4/mm3), elevated protein (>50 mg/dL), and
decreased glucose (<60 mg/dL). These findings
may be suggestive of NM but do not confirm a
diagnosis.’'® CSF cytology may be positive in
only 45% of the cases on the first lumbar puncture,
with an increase in yield up to 80% with a second
CSF examination. Each subsequent lumbar punc-
ture has a poor yield of only 2%.141°

Imaging plays a vital role and is the initial inves-
tigation of choice in a suspected case of NM.
Contrast-enhanced (CE) MR imaging of brain
(Fig. 1) and axial skeleton remains the most sensi-
tive imaging modality for diagnosis, with sensitivity
of 76% and specificity of 77% in patients with sup-
portive clinical findings.'®?? Bacterial, fungal, or
viral meningeal inflammation, neurosarcoidosis,
chronic meningitis, and Guillain-Barré syndrome
may mimic NM; therefore, it is important to

correlate the imaging findings with the appropriate
clinical setting.

On MR imaging, noncontrast fluid-attenuated
inversion recovery (FLAIR) images show hyperin-
tensity within the sulci and cisterns due to
increased CSF proteinaceous content (Fig. 2A).
Contrast-enhanced T1-weighted imaging (T1WI)
or magnetization-prepared rapid acquisition of
gradient echo (MPRAGE) demonstrates subarach-
noid, ventricular, or parenchymal enhancing nod-
ules; focal or diffuse pial enhancement; and
ependymal, sulcal, folial, or cranial nerve enhance-
ment (Fig. 2B)."9222% Postcontrast 3-dimensional
T2-FLAIR images provide higher sensitivity in
detecting leptomeningeal abnormalities than con-
ventional postcontrast T1 images or postcontrast
MPRAGE.?* The most frequent brain MR imaging
findings are subarachnoid nodules and pial
enhancement. Due to dependency, enhancement
commonly is appreciated around the basal cis-
terns and over the surface of the midbrain, pons,
and over the cerebellar folia. Enlargement and
enhancement of the cranial nerves are seen,
most commonly within the oculomotor, facial,
cochlear (Fig. 3), and optic nerves (Fig. 4). Most
typically, enhancement is seen along the cisternal
segments of the cranial nerves. Enhancement and
dysfunction of cranial nerves lll, IV, and VI are
common causes of diplopia in patients with NM
(Fig. 5).
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Fig. 1. Contrast-enhanced T1W!I shows diffuse lepto-
meningeal enhancement (arrows) over the cerebral
cortex, along the basal cisterns and cerebellar folia
in a patient with breast cancer.

MR imaging also is sensitive for detecting meta-
static deposits along the neuraxis. CE MR imaging
of the spine shows smooth leptomeningeal
enhancement or intradural extramedullary
enhancing nodules, especially in the lumbar spine
and over the cauda equine (Fig. 6).2° Lumbosacral
nerve root thickening and enhancement
commonly is observed on CE MR imaging of the
lumbar spine. Studies have suggested that MR
imaging-proved leptomeningeal seeding is an

indicator of poor prognosis and could be used to
identify responses to intrathecal chemotherapy.
Microscopic metastases, however, are below the
resolution of MR imaging; therefore, cytology has
a higher rate of specificity but a lower rate of
sensitivity.

In highly suspected cases of neoplastic menin-
gitis with negative CSF and imaging examination,
other tests, such as CSF immunohistochemical
examinations, polymerase chain reactions, fluo-
rescence in situ hybridization, and cytogenetic
analysis, can improve the detection rate.?527
Tumor-specific markers—such as carcinoem-
bryonic antigen for adenocarcinomas, «-fetopro-
tein, and B-human chorionic gonadotropin for
germ cell tumors; 5-hydroxyindoleacetic acid for
carcinoid tumors; and immunoglobulins for multi-
ple myeloma—are employed very rarely for the
NM diagnosis.'®?® Nonspecific tumor markers,
such as vascular endothelial growth factor, crea-
tine kinase-BB isoenzyme, tissue polypeptide an-
tigen, and lactate dehydrogenase isoenzyme-5,
can be strong indirect indicators of NM. None is
sensitive enough, however, to improve on the
cytologic diagnosis. In certain malignancies like
leukemia or lymphoma, the sensitivity of flow
cytometry is several degrees higher than that of
cytology for detecting CSF leukemia or lymphoma.

Hydrocephalus remains one of the most com-
mon complications of the NM due to blockage of
the basal cisterns and obstruction to CSF absorp-
tion at the arachnoid granulation level (Fig. 7).1%2°
Placement of a ventriculoperitoneal shunt is an
effective palliative approach in patients with symp-
tomatic hydrocephalus. An Ommaya reservoir or
similar devices, useful in administering intraven-
tricular chemotherapy and CSF sampling, are
employed routinely in NM patients. These devices
are safer and more comfortable for the patient than

Fig. 2. Breast cancer with NM. Axial
FLAIR image (A) shows hyperintensity
within the cerebellar folia (arrow)
due to increased CSF proteinaceous
content. Axial postcontrast T1WI (B)
shows leptomeningeal enhancement
along the folia (arrow).
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repeated lumbar punctures and help in the uniform
distribution of the drug in the CSF.102%3%0 |t is
crucial to ensure that the catheter’s tip and side
perforations are inserted entirely into the ventricle
to avoid drug instillation into the brain paren-
chyma. This placement needs to be confirmed
with a CT scan to avoid chemotherapy related leu-
koencephalopathy. Other complications include
reservoir malfunction and infection. Underdiagno-
sis and assessing response to treatment remain
significant problems in NM patients when the
CSF and imaging tests are negative.

Early diagnosis and treatment of NM are vital
because most untreated patients die within 1
week to 9 weeks (median 3 weeks) due to neuro-
logic disease and tumor progression. The main
aim of treatment is to extend survival and stabilize
or improve neurologic symptoms. To date, brain
and neuraxis imaging and CSF analysis remain
the backbone of investigations in a suspected
case of NM.

PARANEOPLASTIC SYNDROMES

Paraneoplastic syndromes (PNSs) are a group of
disorders that present in patients with cancer.
PNSs may involve any part of the nervous system
(central and peripheral nervous disorders) and may

Fig. 3. Lung cancer patient presented
with bilateral sensory-neural hearing
loss.  Contrast-enhanced coronal
T1WIs show bilateral enhancement
of the VII-VIII nerve complex (arrows
[A]) and enhancement of the bilateral
trigeminal nerves (dotted arrows [B]).

affect multiple areas simultaneously. PNS is a rare
neurologic disorder seen approximately in 0.01%
of cancer patients.®" PNS incidence largely depends
on the tumor cell type. Approximately 30% of pa-
tients with thymoma have some form of neurologic
autoimmunity, mostly myasthenia gravis, compared
with pulmonary small cell carcinoma, which is asso-
ciated with 1 or more PNSs in 3% of cases.3?%3
Other malignancies associated with PNSs include
gynecologic malignancies arising from the breast,
ovary, fallopian tube, and peritoneum; Hodgkin lym-
phoma and non-Hodgkin lymphoma; testicular can-
cer; and neuroblastoma. PNSs occur at a much
lower rate in patients with larger cell lung, renal, uter-
ine, and melanotic skin cancers.

PNSs encompass a variety of symptoms or syn-
dromes, including limbic encephalitis, cerebellar
degeneration, brainstem encephalitis, striatal en-
cephalitis, and opsoclonus-myoclonus syndrome
(Box 1).31:34:35 Myelitis, motor neuron disease, stiff
person syndrome, Lambert-Eaton myasthenic
syndrome (LEMS), neuromyotonia, and Guillain-
Barré syndrome also are included. Manifestations
precede the diagnosis of cancer in many cases.

Paraneoplastic encephalopathy is an
autoimmune-mediated disorder associated with
various specific antibodies. Tumor-targeted im-
mune responses are initiated by onconeuronal

Fig. 4. Bilateral vision loss in a patient
with CNS lymphoma. Axial (A) and
coronal  (B)  postcontrast  fat-
saturated T1WIs show circumferential
enhancement of the bilateral optic
nerves (arrows) due to leptomenin-
geal metastasis (thin dash arrow).
Note bilateral frontal lobe lymphoma
across the corpus callosum (fat arrows

(8.
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Fig. 5. A 21-year-old male patient with leukemia pre-
sented with a history of diplopia. Axial contrast-
enhanced T1WI (A) and magnified view at the level of
midbrain (B) show enhancement over the midbrain’s sur-
face and along the right third cranial nerve (arrow).

proteins expressed within the neoplasm
(neoplastic cells) at the plasma membrane, nu-
cleus, cytoplasm, or nucleolus. These antigens
also are expressed in neurons or glia (coincidental
targets). This leads to paraneoplastic neurologic
syndrome by means of immune cross-reaction.
There are 2 main type antibodies: antibodies to
intracellular antigens and antibodies to cell-surface
antigens (Table 2).3*8 The former includes Hu
(antineuronal nuclear antibody type 1 [ANNA-1]), Ri
(antineuronal nuclear antibody type 2 [ANNA-2]),
antineuronal nuclear antibody type 3, anti-antiglial/
neuronal nuclear antibody, Yo (Purkinje cell cyto-
plasmic antigen type 1 [PCA-1]), Purkinje cell cyto-
plasmic antigen type 2 (PCA-2), Mal, Ma2, CV2/
collapsing response mediator protein type 5
[CRMP-5], zinc finger transcription factor (Zic4), Tr,
amphiphysin, and glutamic acid decarboxylase
(GAD). The latter includes N-methyl-p-aspartate

receptor (NMDAR), voltage-gated potassium chan-
nel (VGKC), leucine-rich glioma inactivated 1 (LGI1)
and contactin-associated protein 2, a-amino-3-hy-
droxy-5-methyl-4-isoxazolepropionicacid receptor
(AMPAR), P/Q-types and N-type calcium channel,
neuromyelitis optica, glycine receptor, acetylcholine
(Ach) receptor, y-aminobutyric acid B1 receptor
(GABAgR), and metabotropic glutamate receptor-
5. Antibodies targeting intracellular antigens
are targeted by cytotoxic T cells; histopathology is
characterized by CD4 and CD8 lymphocyte T-cell
infiltration. Histopathology of antibodies to the cell
surface or synaptic antigens is characterized by
B-lymphocyte and plasma cell infiltration, leading
to antibody and complement deposition.

Clinical presentation of the PNSs largely de-
pends on the primary target in the nervous system.
Because some symptoms may precede the cancer
diagnosis, imaging, especially when positive, plays
an important role in PNS diagnosis. MR imaging
brain remains the primary imaging of choice in a
suspected case of PNS. In many suspected cases,
the MR imaging can be normal, but image findings
and clinical presentations help narrow the range of
antibody tests to be ordered. Imaging appearance
depends on the primary targets in the brain paren-
chyma. A typical pattern seen on MR imaging find-
ings includes limbic encephalitis, cerebellar
degeneration, brainstem encephalitis, striatal en-
cephalitis, and myelitis/myelopathy.3°38 Other
commonly performed investigations are electroen-
cephalogram (EEG) and CSF examination. EEG
can show diffuse slowing of electrical activity with
or without spikes indicative of heightened cortical
irritability.®® CSF examinations serve 2 primary pur-
poses: to rule out infection, neoplasm, and other
primary pathologies and to document the antibody.

Fig. 6. Leptomeningeal enhancement along the cauda equine and filum terminale in a patient with breast can-
cer. Precontrast sagittal T1 (A), postcontrast sagittal T1 (B), and axial T1 (C) show diffuse enhancement along the
filum terminale (arrows in B) and intraspinal nerve roots (arrow in C).
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Fig. 7. Obstructive hydrocephalus due to NM in a patient with breast cancer. Postcontrast axial (A) and sagittal
T1WIs (B) show diffuse, a thick enhancement (thick arrow) over the cerebellar folia, basal cisterns, and aqueduct,
leading to dilatation of the temporal horns and third ventricle (dash arrow).

Paraneoplastic Cerebellar Degeneration

Paraneoplastic cerebellar degeneration (PCD) is a
common PNS resulting from tumor induced autoim-
munity against cerebellar antigens. There are more
than 30 different antibodies associated with this
condition with anti-Yo (PCA-1) antibody the most
common.*®*! [nmen, many reported tumors are ad-
enocarcinomas of the gastrointestinal system and
prostate. PNS has been seen with a variety of other
antibodies, including Hu, Ri, Tr, Zic4, mGIuR1, and
voltage-gated calcium channels (VGCCs).*%*! Pa-
tients present with nonspecific gait unsteadiness,
which progresses to severe cerebellar ataxia over
a few weeks or months. Other symptoms include
cognitive and psychiatric morbidity, notably mem-
ory loss and emotional lability.

MR imaging of the brain often is normal in the
early stages, but global volume loss in both the
vermis and cerebellar hemispheres with relative
sparing of the brainstem is seen in later stages
(Fig. 8). A superior cerebellar hyperintense sign
on FLAIR image also has been reported.*? The un-
derlying mechanism for this atrophy is believed to
be an immunologic reaction to cerebellar
degeneration-related protein 2, a protein found in
the cerebellum that is produced ectopically by tu-
mor cells. 041

Autoimmune limbic encephalitis (ALE) is an in-
flammatory disease involving the limbic system,
predominately in the medial temporal lobes. It
commonly is associated with SCLC, breast can-
cer, and ovarian tumors, including teratoma,

testicular tumor, and thymic tumor.®"3438 |t also
may be seen with colon cancer, pancreatic can-
cer, renal cell cancer, esophageal cancer, bladder
cancer, prostate cancer, neuroblastoma, mela-
noma, and Hodgkin lymphoma and non-Hodgkin
lymphoma. ALE involves intracellular antigen anti-
bodies (anti-Ma2, Hu, and CV2/CRMP-5, GAD)
and neuronal surface antibodies (NMDAR, VGKC,
AMPAR, and GABAgR) with or without tumor
association.®':3438,39.43.44 Thg clinical picture of
limbic encephalitis is characterized by rapid devel-
opment of confusion, working memory deficit,
mood changes, anxiety, depression, psychosis,
and seizures. The subacute development of
short-term memory loss is considered the hall-
mark of the disorder but is often overlooked
because of other symptoms.

MR imaging remains the imaging modality of
choice for ALE. It often shows increased signal
on T2-weighted FLAIR imaging in the medial
aspect of the temporal lobes (Fig. 9).#56 This ab-
normality more often is bilaterally asymmetric than
unilateral. Involvement of the basal ganglia usually
is noted whereas involvement of the lateral tempo-
ral lobe and insula is less common. In addition,
there is lack of restricted diffusion and hemor-
rhages in ALE. Various other pathologies, such
as herpes encephalitis, postictal edema, hypogly-
cemia, stroke, and tumors, may involve the medial
temporal lobes. Early diagnosis and differentiation
from viral encephalitis are vital for treatment. In
herpes encephalitis, T2 hypersensitivity on MR im-
aging is seen involving the cortical and the
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Box 1
Paraneoplastic disorders
Brain
Paraneoplastic encephalomyelitis
Limbic encephalitis
Brainstem encephalitis
Opsoclonus-myoclonus
PCD
Chorea
Eye
Paraneoplastic optic neuritis
Paraneoplastic retinal degeneration
Spinal cord
Myelopathy
Myelitis with rigidity and spasms
Motor neuronopathy
Acute necrotizing myelopathy
Nerves
Sensory neuronopathy
Sensorimotor peripheral neuropathy

Autonomic
dysmotility

neuropathy, gastrointestinal

Motor neuronopathy
Neuromuscular junction/muscle
LEMS
Myasthenia gravis
Dermatomyositis
Neuromyotonia
Muscle
Polymyositis/dermatomyositis
Acute necrotizing myopathy
Multifocal disorders

Encephalomyeloneuropathies

subcortical regions of the bilateral temporal lobes,
frontal lobes, and insula.*®*® Restricted diffusion,
gyral swelling, loss of gray-white matter interface,
and mild or no enhancement also are associated.
Petechial hemorrhages, when present, strongly
favor herpes encephalitis over limbic encephalitis.
Involvement of extratemporal regions, such as the
cingulate gyrus and frontal lobes, are not uncom-
mon. Postictal edema also can cause temporal
lobe T2 hyperintensities and swelling. The lack of
prodromal neuropsychiatric symptoms and the
resolution of temporal lobe changes after

cessation of seizure activity are supportive of
seizure-related MR imaging changes rather than
ALE. Ischemic stroke involving the medial tempo-
ral lobe usually presents acutely but sometimes
causes only mild neurocognitive deficits.

CSF examination mainly is helpful to exclude
mimics of ALE, in particular herpes encephalitis.
Polymerase chain reaction testing for the herpes
simplex virus in the CSF has high diagnostic sensi-
tivity and specificity, but clinicians should be wary
that it may be negative early in the disease course.
The clinical presentation of acute herpes enceph-
alitis is very different from that of ALE.

Brainstem Encephalitis

Paraneoplastic brainstem encephalitis can occur
in association with limbic encephalitis, in isolation,
or as the predominant clinical manifestation of par-
aneoplastic neuronal disorder (PND). This clinical
syndrome is characterized by multiple cranial
nerve palsies, long tract signs, and cerebellar
ataxia. Less common features include movement
disorders, such as parkinsonism, chorea, jaw
opening dystonia, and myoclonus. Brainstem en-
cephalitis commonly is seen in young men with
testicular cancer (anti-Ma2).3"%” Anti-Ri, anti-Hu,
anti-Tr, and anti-NMDAR are less common causes
of paraneoplastic brainstem encephali-
tis.34-36,38:47 MR imaging shows patchy hyperin-
tensity in the brainstem and/or basal ganglia on
T2 or FLAIR images but rarely shows enhancing
nodules on postcontrast scans (Fig. 10). Differen-
tial diagnoses include infectious brainstem en-
cephalitis, tumor infiltration, vasculitis, and
demyelinating disease.

Striatal Encephalitis/Paraneoplastic Chorea

Striatal encephalitis is a rare paraneoplastic en-
cephalopathy. It is seen in anti-CV2/CRMP5 en-
cephalitis cases associated with SCLC and
thymoma.*®4° The pattern can be seen in other
paraneoplastic encephalopathies, including anti-
VGKC, anti-NMDAR, and anti-Hu antibodies.*84°
As the name suggests, MR imaging abnormality
of the T2 hyperintensity is seen in the bilateral
caudate nuclei and putamina; it also may be asso-
ciated with limbic encephalitis and cerebellar
degeneration. Differential diagnoses include infec-
tious encephalitis, toxic and metabolic diseases,
Sydenham chorea, Huntington disease, Wilson
disease, and Creutzfeldt-Jakob disease.

OTHER PARANEOPLASTIC DISORDERS

Although some PND has unique features, others
may be indistinguishable from common neurologic
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Table 2

Anti-Hu (ANNA1) anti-Hu

Anti-Ma2 LE, BSE

Anti-Ma1
Anti-CV2/CRMP-5

BSE, PCD

Anti-Ri antibody (ANNA-2)

Neuronal paraneoplastic autoantibodies associated paraneoplastic neuronal disorders and tumors

Group | antibodies: autoimmune encephalitis with intracellular antigens

LE, sensory neuronopathy,
autonomic and
sensorimotor neuropathies

Movement disorder (chorea)
and ocular syndromes
(uveitis, optic neuritis)

Opsoclonus-myoclonus
syndrome, BSE, PCD

Anti-PCA 2 Encephalomyelitis, PCD, SCLC
Anti-Yo antibody PCD Ovarian or breast malignancy
Anti-Tr PCD Hodgkin disease
Anti-amphiphysin Stiff person syndrome, SCLC
GAD LE Thymoma, SCLC
Group Il antibodies: autoimmune encephalitis with cell-surface antigens or antibodies against synaptic
receptors
Anti-NMDAR LE, hyperactivity, seizures, and Ovarian teratoma
memory change, psychiatric
symptoms
Anti-VGKC limbic encephalitis, SCLC, thymoma, prostatic
neuromyotonia cancer
Anti-VGCC LEMS, PCD SCLC
Anti-AMPAR LE Thymoma, SCLC
Anti- GABAgR LE SCLC
Anti-mGIluR1 PCD Hodgkin lymphoma
LGI1 LE Thymoma
Anti-ACh receptor MG Thymoma

SCLC (may be seen with
thymoma, or
neuroblastoma)

Testicular seminoma (young
patients)

SCLC or breast cancer (older
patients)

Lung cancer

SCLC and thymoma

Breast cancer, SCLC, and
gynecologic malignancies

Abbreviations: BSE, brainstem encephalitis; LE, limbic encephalitis; MG, myasthenia gravis.

disorders. Description of symptoms of PND de-
pends on the site involved in the nervous system,
commonly depending on multiple organelles.
Neurologic presentations are classified depending
on the anatomic site in.

Spinal cord presentations include myelopathy,
myelitis with rigidity and spasms (stiff person syn-
drome), paraneoplastic sensory neuronopathy,
and motor neuronopathy.®®-5° Spinal cord-related
symptoms typically are in combination with other
PND, such as limbic or brainstem encephalitis.
Symptoms depend on the anatomic cells or area
involved within the spinal cord. As the name sug-
gests, stiff person syndrome is characterized by
axial and proximal lower limb stiffness and spasms
and is associated with anti-GAD antibodies or anti-
amphiphysin antibodies in breast cancer.3850:51

Rapidly progressive motor neuron disease is asso-
ciated with anti-Hu antibodies whereas primary
lateral sclerosis is seen in breast cancer patients.
The peripheral nervous system is involved far
more commonly than the CNS and presents with
neuropathies. Sensory neuronopathies are more
common than motor neuropathies in PND. Malig-
nancies may present either isolated or combined
with other neuropathies. Hodgkin disease patients
can present with acute inflammatory demyelin-
ating polyradiculoneuropathy whereas non-
Hodgkin lymphoma cases present with a subacute
lower motor neuronopathy as a slowly progressive
lower motor neuron syndrome affects the lower
limbs. Neuromyotonia is an unusual manifestation
of cancer characterized by muscle cramps, stiff-
ness, twitching, sweating, and abnormal
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relaxation after voluntary contraction. It is associ-
ated with thymomas and SCLC and involves anti-
bodies against VGKCs.

LEMS is a paraneoplastic or primary autoim-
mune neuromuscular junction disorder character-
ized by proximal weakness and autonomic

Fig. 8. PCD in a 56-year-old patient
with adenocarcinomas of colon. Axial
FLAIR and sagittal T1WIs (2014 [A])
show subtle superior cerebellar hy-
perintensity on FLAIR image (arrow)
with normal volume. Sagittal T1WIs
(MRl in 2017 [B] and MRI in 2019
[C]) show progressive global volume
loss in both the vermis and cerebellar
hemispheres (arrows in Band C).

dysfunction.®? It is caused by the presence of an-
tibodies generated against the P/Q-type VGCCs
on presynaptic nerve terminals that decrease the
release of Ach.5?>* A majority of LEMS cases
are associated with SCLC, which expresses func-
tional VGCCs. LEMS may be seen in other

Fig. 9. Limbic encephalitis in a 28-year-old woman with ovarian teratoma. Axial (A) and coronal (B) FLAIR images
show bilateral hyperintensity and mild enlargement of the hippocampus proper (arrows). Sagittal reconstructed
image through the pelvis shows an ovarian mass with a fat signal (arrow). Note normal stretched uterus (dash

arrow) due to mass effect.
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malignancies, such as non-small cell and mixed
lung carcinomas, prostate carcinoma, thymoma,
and lymphoproliferative disorders.

Clinically, patients present with proximal muscle
weakness, predominantly affecting lower limbs;
areflexia; and autonomic disturbances, such as
impotence, constipation, and dry mouth. Clinical
presentation of LEMS may precede cancer diag-
nosis by months. The LEMS diagnosis is based
on clinical features in patient with lung malig-
nancies. The confirmation of a diagnosis is based
on the detection of specific VGCC antibodies. P/
Q VGCC antibodies are present in 80% to 90%
of patients with LEMS.5®

EVALUATION OF THE PARANEOPLASTIC
NEURONAL DISORDER

PND diagnosis requires a multidimensional
approach, high clinical suspicion, CSF and serum
examination for routine and specific autoanti-
bodies, and imaging.®*35-38 Neuroimaging is an in-
tegral part in the evaluation of PND in the CNS but
generally does not contribute to the diagnosis of
PND in the peripheral nervous system. Besides
MR imaging of brain and spinal cord, CT or MR im-
aging of the chest, abdomen, and pelvis are
mandatory in suspected cases to determine the
presence and location of underlying malig-
nancies.** When the primary malignancy is un-
known, the search initially may be focused on
tumor types commonly associated with the pa-
tient’s syndrome or type of antineuronal antibody.
If the tumor found does not histologically match
the syndrome or antibody, a search for a second
neoplasm should be undertaken. Because PNS
onset often precedes the cancer diagnosis or oc-
curs when the tumor is small and difficult to detect,
a multidisciplinary approach to a cancer diagnosis
is warranted. In such cases, PET scans can be

useful to locate the primary tumor. Mammograms,
transvaginal ultrasounds, and, in rare instances,
exploratory laparotomies may be performed in
selected cases. In cases of an initial tumor screen
that is negative, patients should be followed at
regular intervals with scans (eg, every 6 months
for the next 4 years). If there is a strong clinical sus-
picion of PNS, but imaging tests are negative, can-
cer screenings should be repeated periodically
depending on the type of disorder. A patient with
a confirmed diagnosis of LEMS with no malig-
nancy documented on CT, MR imaging, or PET
screening should continue to be screened every
3 months to 6 months for at least 2 years.5>5%
For classical PNSs with anti-Hu antibodies related
to SCLC should be screened for every 6 months.
For disorders with anti-NMDAR encephalitis, less
frequent and shorter durations are reasonable
(eg, evaluation for ovarian teratoma yearly for
2 years). In more than 90% of patients with solid
tumors and PNS, the tumor is found within 1 year
of PNS presentation.

ANTIBODY TESTING

The detection of specific autoantibodies remains
crucial in establishing a diagnosis of autoimmune
encephalitis. Documentation of these autoanti-
bodies under the appropriate clinical findings
helps to make the diagnosis of the immunologic
subtypes of encephalitis. Onconeuronal and GAD
antibodies are present in the serum and CSF;
they are detectable with many techniques,
including ELISA, immunoblotting, and immunohis-
tochemistry.34-36:3844 |t is advisable to include
both CSF and serum for neuronal antibody testing
in patients with suspected autoimmune encephali-
tis. Between the 2 tests, CSF examinations remain
paramount because relevant antibodies may be
found only in the CSF (anti-NMDAR encephalitis);

Fig. 10. Paraneoplastic brainstem en-
cephalitis due to SCLC. Axial flair im-
ages (A, B) show patchy hyperintensity
in the pons (arrow in A) and partly
involving the middle cerebellar pedun-
cles (arrow in B).
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the antibody concentration in the CSF correlates
better with the clinical course than antibody con-
centrations in the serum; the repertoire of anti-
bodies in the CSF and serum can be different in
the same patient (eg, NMDAR in CSF and serum
and y-aminobutyric acid type A (GABA,) receptor
only in serum); the types of antibodies in the CSF
usually determine the clinical picture, and false-
positive and false-negative results are less com-
mon with CSF analysis.

SPECIAL ANTIBODIES AND PARANEOPLASTIC
ENCEPHALITIS

Group | Antibodies: Autoimmune Encephalitis
with Intracellular Antigens

Group | antibodies that target intracellular
neuronal antigens are associated closely with un-
derlying malignancies. These antibodies employ
the same mechanisms used by cytotoxic T cells
to target intracellular neuronal antigens and onco-
neuronal antigens in the immune response to can-
cer. Group | antibodies have a decreased
response to immunomodulatory therapy and an
increased prevalence of irreversible neuronal
damage, which leads to poor clinical outcomes.
The most clinically relevant group | antibodies
include anti-Hu, anti-Ma (Ta), anti-CV2/CRMP-5,
anti-Ri, and anti-Yo0.34736:38.44

Anti-Hu antibody, also known as ANNA-1, is the
most common paraneoplastic form of autoim-
mune encephalitis.®>~" It is seen most commonly
with SCLC and clinically presents with sensory
neuropathy. Anti-Hu antibodies can be seen in pa-
tients with extrapulmonary small cell carcinoma,
thymoma, or neuroblastoma.>®%” A subset of pa-
tients with anti-Hu encephalitis can present with
epilepsia partialis continua, motor seizures

involving the face and distal extremities. MR imag-
ing shows T2-FLAIR hyperintense lesions in the
medial temporal lobes (Fig. 11) and variable
involvement of the cerebellum and brainstem.

Anti-Ma (Ta) encephalitis is strongly associated
with testicular tumors in young men and SCLC or
breast cancer in older patients.3'*¢ Neurologic
symptoms are due to the involvement of the
limbic, diencephalic, or brainstem dysfunction,
which presents with limbic encephalitis and
brainstem-related ophthalmoplegia (Fig. 12).

Anti-CV2/CRMP-5 is associated with SCLC and
thymoma. Movement disorder (chorea) and ocular
syndromes (uveitis and optic neuritis) are distinc-
tive features.** On MR imaging T2-FLAIR, hyperin-
tensity is seen in the striatum without restricted
diffusion on diffusion-weighted imaging-apparent
diffusion coefficient, differentiating it from
Creutzfeldt-Jakob disease, which shows
restricted diffusion.

The anti-Ri antibody is associated with breast
cancer, SCLC, and gynecologic malignancies.
Opsoclonus-myoclonus syndrome, brainstem en-
cephalitis, and PCD have been described with
this antibody.*

The anti-Yo antibody is the primary cause of
PCD. It targets intracellular antigens in the Purkinje
cells of the cerebellar cortex, leading to cerebellar
degeneration.** It commonly is seen in women,
associated with ovarian or breast malignancy,
and clinically presents with subacute onset ataxia,
nystagmus, and dysarthria. MR imaging shows
diffuse cerebellar atrophy without brainstem
atrophy.

Group Il Antibodies: Autoimmune
Encephalitis with Cell-surface Antigens

Group Il antibodies target cell-surface neuronal
antigens and are less likely to be associated with
an underlying malignancy. Antibodies often target
synaptic proteins and can result in the down-
regulation of receptors leading to altered synaptic
transmission associated with epileptiform activity.

Fig. 11. Anti-Hu antibody limbic en-
cephalitis due to SCLC. Axial FLAIR im-
age (A) shows hyperintensity in the
right medial temporal lobe (arrow).
The coronal reconstructed image of
the chest (B) shows a mass lesion (ar-
row) in the right upper lobe, biopsy-
proved SCLC.
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Anti-NMDAR encephalitis

NMDAR encephalitis is a common autoimmune
encephalitis classically seen in young women
and children with autoimmunity not associated
with cancer.*+%® A minority of NMDAR encephali-
tis cases, such as ovarian teratoma, can be asso-
ciated with an underlying malignancy. This
highlights the need to screen all patients with auto-
immune encephalitis for an underlying malignancy
regardless of the antibody profile. This form of the
disease is associated with CSF IgG antibodies
against the GIuN1 subunit of the NMDAR.**58
Children usually present with irritability, hyperac-
tivity, seizures, and memory change whereas the
adults present with prodromal headache, psychi-
atric symptoms, fever, and gastrointestinal or up-
per respiratory symptoms. Motor or complex
seizures develop at early stages, but their fre-
quency decreases with disease evolution.

Diagnosis is obtained mostly through documen-
tation of IgG antibodies against the GIuN1 subunit
of the NMDAR. The other commonly employed
test is EEG, which shows a characteristic pattern,
the extreme delta brush.*4°8:5° Even though a sus-
pected patient routinely is neuroimaged, MR imag-
ing brain remains normal in 80% to 90% of cases.
When MR imaging is positive, a wide variation in
the distribution and degree of T2-FLAIR hyperin-
tense signal changes throughout the brain can
be seen. Hyperintensities may involve the tempo-
ral lobe, insular cortex, and cingulate gyrus.%¢"
The classic patterns of limbic encephalitis, cere-
bellitis, brainstem encephalitis, and striatal en-
cephalitis are rare.

VGKC encephalitis is another group Il subtypes
of autoimmune encephalitis and presents with
classic features of limbic encephalitis and the
development of medically intractable epi-
lepsy.®426:37 These clinical features are explained
by the high concentration of potassium channels
in the limbic structures. Imaging features include

Fig. 12. Anti-Ma encephalitis from
testicular tumors in a 29-year-old
man. Axial (A) and coronal (B) FLAIR
images show asymmetric hyperinten-
sity in the medial temporal lobes (ar-
rows), midbrain (dash arrow in A),
nucleus accumbens (dash arrow in
B), and paraterminal gyrus.

T2-FLAIR hyperintensities in the medial temporal
lobes, unilaterally or bilaterally, in the acute stages,
with a propensity to develop chronic findings of
mesial temporal sclerosis on follow-up imaging.
Extralimbic involvement in VGKC encephalitis is
rare. Although considered a nonparaneoplastic,
5% to 30% of cases have associated tumors
(SCLC, thymoma, or prostatic cancer).3437.62.63

Other antibodies associated with paraneoplas-
tic disorders include anti-AMPAR (Glu R1 and
GIuR?2) in patients with limbic encephalitis.®*36-37
They are seen predominately in patients with
lung, breast, or thymus tumors. Anti-GABAgR en-
cephalitis is seen with SCLC and usually exhibits
the limbic encephalitis pattern.3436°7 Like other
cell-surface antigen-mediated syndromes, such
as anti-AMPAR and anti-GABAgR encephalitis,
respond to immunotherapy. The anti-Tr antibody
is associated with Hodgkin lymphoma and may
show features of limbic encephalopathy and cere-
bellar or brainstem syndrome.

DISCLOSURE

None.

REFERENCES

1. Gleissner B, Chamberlain MC. Neoplastic meningi-
tis. Lancet Neurol 2006;5(5):443-52.

2. Chamberlain MC. Neoplastic meningitis. Oncologist
2008;13(9):967-77.

3. Kaplan JG, DeSouza TG, Farkash A, et al. Leptome-
ningeal metastases: Comparison of clinical features
and laboratory data of solid tumors, lymphomas and
leukemias. J Neurooncol 1990;9:225-9.

4. Siegal T, Lossos A, Pfeffer MR. Leptomeningeal metas-
tases: Analysis of 31 patients with sustained off-therapy
response following combined-modality therapy.
Neurology 1994;44:1463-9.

Downloaded for Anonymous User (n/a) at UNIVERSITY OF MICHIGAN from ClinicalKey.com by Elsevier on May 26,
2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

421


http://refhub.elsevier.com/S0033-8389(21)00017-8/sref1
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref1
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref2
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref2
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref3
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref3
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref3
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref3
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref4
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref4
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref4
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref4

422

10.

11.

13.

14,

16.

20.

21.

Kanekar et al

. Rosen ST, Aisner J, Makuch RW, et al. Carcinoma-

tous leptomeningitis in small cell lung cancer: A clin-
icopathologic review of the National Cancer Institute
experience. Medicine (Baltimore) 1982;61:45-53.

. Amer MH, Al Sarraf M, Baker LH, et al. Malignant

melanoma and central nervous system metastases:
Incidence, diagnosis, treatment and survival. Can-
cer 1978;42:660-8.

. Yap HY, Yap BS, Tashima CK, et al. Meningeal carci-

nomatosis in breast cancer. Cancer 1978;42:283-6.

. Freilich RJ, Krol G, DeAngelis LM. Neuroimaging and

cerebrospinal fl uid cytology in the diagnosis of lepto-
meningeal metastasis. Ann Neurol 1995;38:51-7.

. Grossman SA, Krabak MJ. Leptomeningeal carcino-

matosis. Cancer Treat Rev 1999;25:103-19.
Chamberlain MC. Radioisotope CSF flow studies in
leptomeningeal metastases. J Neurooncol 1998;38:
135-40.

Balhuizen JC, Bots GT, Schaberg A. Value of cere-
brospinal fluid cytology for the diagnosis of malig-
nancies in the central nervous system.
J Neurosurg 1978;48:747-53.

. Lombardi G, Zustovich F, Farina P, et al. Blank for %

Neoplastic meningitis from solid tumors: new diag-
nostic and therapeutic approaches. Oncologist
2011;16(8):1175-88.

Clarke JL, Perez HR, Jacks LM, et al. Leptomenin-
geal metastases in the MRI era. Neurology 2010;
74(18):1449-54.

Wasserstrom WR, Glass JP, Posner JB. Diagnosis
and treatment of leptomeningeal metastases from
solid tumors: experience with 90 patients. Cancer
1982;49(4):759-72.

Waki F, Ando M, Takashima A, et al. Prognostic fac-
tors and clinical outcomes in patients with leptome-
ningeal metastasis from solid tumors. J Neurooncol
2009;93(2):205-12.

. Clarke JL. Leptomeningeal metastasis from systemic

cancer. Continuum (Minneap Minn) 2012;18(2):328-42.

. Hughes DC, Raghavan A, Mordekar SR, et al. Role

of imaging in the diagnosis of acute bacterial menin-
gitis and its complications. Postgrad Med J 2010;86:
478-85.

. Brem SS, Bierman PJ, Brem H, et al. National

Comprehensive Cancer Network, Central nervous
system. J Natl Compr Canc Netw 2011;9:352-400.

. Le Rhun E, Weller M, Brandsma D, et al. EANO-

ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up of patients with leptomenin-
geal metastasis from solid tumours. Ann Oncol
2017;28(suppl_4):iv84-99.

Chamberlain M, Junck L, Brandsma D, et al. Leptome-
ningeal metastases: a RANO proposal for response
criteria. Neurooncology 2017;19(4):484-92.

Thakkar JP, Kumthekar P, Dixit KS, et al. Leptome-
ningeal metastasis from solid tumors. J Neurol Sci
2020;411:116706.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Straathof CS, de Bruin HG, Dippel DW, et al. The
diagnostic accuracy of magnetic resonance imag-
ing and cerebrospinal fluid cytology in leptomenin-
geal metastasis. J Neurol 1999;246(9):810-4.
Singh SK, Leeds NE, Ginsberg LE. MR imaging of
leptomeningeal metastases: comparison of three se-
quences. AJNR Am J Neuroradiol 2002;23:817-21.
Fukuoka H, Hirai T, Okuda T, et al. Comparison of the
added value of contrast-enhanced 3D fluid-
attenuated inversion recovery and magnetization-
prepared rapid acquisition of gradient echo se-
quences in relation to conventional postcontrast
T1-weighted images for the evaluation of leptome-
ningeal diseases at 3T. AUNR Am J Neuroradiol
2010;31:868-73.

Chamberlain MC. Neuraxis imaging in leptomenin-
geal metastasis: A retrospective case series. CNS
Tumors 2046. J Clin Oncol 2012;30. abstr 2046.
Glantz MJ, Cole BF, Glantz LK, et al. Cerebrospinal
fluid cytology in patients with cancer: minimizing
false-negative results. Cancer 1998;82(4):733-9.
Hegde U, Filie A, Little RF, et al. High incidence of
occult leptomeningeal disease detected by flow cy-
tometry in newly diagnosed aggressive B-cell lym-
phomas at risk for central nervous system
involvement: the role of flow cytometry versus cytology.
Blood 2005;105(2):496-502.

Nakagawa H, Kubo S, Murasawa A, et al. Measure-
ments of CSF biochemical tumor markers in patients
with meningeal carcinomatosis and brain tumors.
J Neuro-oncol 1992;12(2):111-20.

Glantz MJ, Hall WA, Cole BF, et al. Diagnosis, man-
agement, and survival of patients with leptomenin-
geal cancer based on cerebrospinal fluid-flow
status. Cancer 1995;75:2919-31.

Glantz MJ, Van Horn A, Fisher R, et al. Route of intra-
cerebrospinal fluid chemotherapy administration
and efficacy of therapy in neoplastic meningitis.
Cancer 2010;116:1947-52.

Dalmau J, Rosenfeld MR. Paraneoplastic syn-
dromes of the CNS. Lancet Neurol 2008;7:327-40.
Vernino S, Lennon VA. Autoantibody profiles and
neurological correlations of thymoma. Clin Cancer
Res 2004;10:7270-5.

Elrington GM, Murray NM, Spiro SG, et al. Neurolog-
ical paraneoplastic syndromes in patients with small
celllung cancer. A prospective survey of 150 patients.
J Neurol Neurosurg Psychiatr 1991;54(9):764-7.
Saket RR, Geschwind MD, Josephson SA, et al.
Autoimmune-Mediated Encephalopathy: Classifica-
tion, Evaluation, and MR Imaging Patterns of Dis-
ease. Neurographics 2011;1:2-16.

Irani S, Lang B. Autoantibody-mediated disorders of the
central nervous system. Autoimmunity 2008;41:55-65.
Pruitt AA. Immune-mediated encephalopathies with
an emphasis on paraneoplastic encephalopathies.
Semin Neurol 2011;31:158-68.

Downloaded for Anonymous User (n/a) at UNIVERSITY OF MICHIGAN from ClinicalKey.com by Elsevier on May 26,
2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.


http://refhub.elsevier.com/S0033-8389(21)00017-8/sref5
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref5
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref5
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref5
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref6
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref6
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref6
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref6
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref7
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref7
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref8
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref8
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref8
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref9
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref9
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref10
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref10
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref10
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref11
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref11
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref11
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref11
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref12
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref12
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref12
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref12
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref13
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref13
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref13
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref14
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref14
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref14
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref14
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref15
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref15
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref15
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref15
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref16
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref16
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref17
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref17
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref17
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref17
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref18
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref18
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref18
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref19
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref19
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref19
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref19
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref19
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref20
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref20
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref20
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref21
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref21
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref21
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref22
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref22
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref22
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref22
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref23
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref23
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref23
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref24
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref24
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref24
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref24
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref24
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref24
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref24
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref24
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref25
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref25
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref25
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref26
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref26
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref26
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref27
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref27
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref27
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref27
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref27
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref27
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref28
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref28
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref28
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref28
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref29
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref29
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref29
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref29
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref30
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref30
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref30
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref30
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref31
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref31
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref32
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref32
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref32
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref33
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref33
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref33
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref33
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref34
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref34
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref34
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref34
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref35
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref35
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref36
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref36
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref36

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Neoplastic Meningitis and Paraneoplastic Syndromes

Rosenfeld MR, Titulaer MJ, Dalmau J. Paraneoplas-
tic syndromes and autoimmune encephalitis: Five
new things. Neurol Clin Pract 2012;2:215-23.
Graus F, Titulaer MJ, Balu R, et al. A clinical
approach to diagnosis of autoimmune encephalitis.
Lancet Neurol 2016;15(4):391-404.

Vernino S, Geschwind M, Boeve B. Autoimmune en-
cephalopathies. Neurologist 2007;13:140-7.

Graus F, Delattre JY, Antoine JC, et al. Recommen-
ded diagnostic criteria for paraneoplastic neurolog-
ical syndromes. J Neurol Neurosurg Psychiatry
2004;75:1135-40.

Sadeghian H, Vernino S. Progress in the manage-
ment of paraneoplastic neurological disorders.
Ther Adv Neurol Disord 2010;3:43-52.

Aragédo Mde M, Pedroso JL, Albuguerque MV, et al.
Superior cerebellar hyperintense sign on FLAIR-
weighted magnetic resonance imaging in paraneo-
plastic cerebellar degeneration. Arg Neuropsiquiatr
2012;70:967.

Graus F, Saiz A. Limbic encephalitis: an expanding
concept. Neurology 2008;70:500-1.

Kelley BP, Patel SC, Marin HL, et al. Autoimmune En-
cephalitis: Pathophysiology and Imaging Review of
an Overlooked Diagnosis. AUNR Am J Neuroradiol
2017;38(6):1070-8.

Urbach H, Soeder BM, Jeub M, et al. Serial MRI of
limbic encephalitis. Neuroradiology 2006;48:380-6.
Lawn ND, Westmoreland BF, Kiely MJ, et al. Clinical,
magnetic resonance imaging, and electroencepha-
lographic findings in paraneoplastic limbic enceph-
alitis. Mayo Clin Proc 2003;78:1363-8.

Blaes F. Paraneoplastic brain stem encephalitis.
Curr Treat Options Neurol 2013;15:201-9.

Vernino S, Tuite P, Adler CH, et al. Paraneoplastic
chorea associated with CRMP-5 neuronal antibody
and lung carcinoma. Ann Neurol 2002;51:625-30.
Hiraga A, Kuwabara S, Hayakawa S, et al. Voltage-
gated potassium channel antibody-associated en-
cephalitis with basal ganglia lesions. Neurology
2006;66:1780-1.

Alexopoulos H, Dalakas MC. Immunology of stiff
person syndrome and other GAD-associated neuro-
logical disorders. Expert Rev Clin Immunol 2013;9:
1043-58.

Antoine JC, Mosnier JF, Absi L, et al. Carcinoma
associated paraneoplastic peripheral neuropa-
thies in patients with and without anti-onconeural

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

antibodies. J Neurol Neurosurg Psychiatr 1999;
67(1):7-14.

Titulaer MJ, Verschuuren JJ. Lambert-Eaton myas-
thenic syndrome: tumor versus nontumor forms.
Ann N'Y Acad Sci 2008;1132:129-34.
Oguro-Okano M, Griesmann GE, Wieben ED, et al.
Molecular diversity of neuronal-type calcium chan-
nels identified in small cell lung carcinoma. Mayo
Clin Proc 1992;67:1150-9.

Katz E, Ferro PA, Weiss G, et al. Calcium channels
involved in synaptic transmission at the mature
and regenerating mouse neuromuscular junction.
J Physiol 1996;497:687-9.

Motomura M, Lang B, Johnston |, et al. Incidence of
serum anti-P/Q-type and anti-N-type calcium chan-
nel autoantibodies in the Lambert-Eaton myasthenic
syndrome. J Neurol Sci 1997;147:35-42.

Graus F, Keime-Guibert F, Rene R, et al. Anti-Hu-
associated paraneoplastic encephalomyelitis: anal-
ysis of 200 patients. Brain 2001;124:138-48.
Sillevis Smitt P, Grefkens J, de Leeuw B, et al. Sur-
vival and outcome in 73 anti-Hu positive patients
with paraneoplastic encephalomyelitis/sensory neu-
ronopathy. J Neurol 2002;249:745-53.

Dalmau J, Tuzdn E, Wu H, et al. Paraneoplastic anti—
N methyl-D-aspartate receptor encephalitis associ-
ated with ovarian teratoma. Ann Neurol 2007;61:
25-36.

Schmitt SE, Pargeon K, Frechette ES, et al. Extreme
delta brush: a unique EEG pattern in adults with anti-
NMDA receptor encephalitis. Neurology 2012;79:
1094-100.

Chan SH, Wong VC, Fung CW, et al. Anti-NMDA re-
ceptor encephalitis with atypical brain changes on
MRI. Pediatr Neurol 2010;43:274-8.

Greiner H, Leach JL, Lee KH, et al. Anti-NMDA re-
ceptor encephalitis presenting with imaging findings
and clinical features mimicking Rasmussen syn-
drome. Seizure 2011;20:266-70.

Vernino S, Lennon VA. lon channel and striational
antibodies define a continuum of autoimmune
neuromuscular hyperexcitability. Muscle Nerve
2002;26:702-7.

Geschwind MD, Tan KM, Lennon VA, et al. Voltage-
gated potassium channel autoimmunity mimicking
Creutzfeldt-Jakob disease. Arch Neurol 2008;65:
1341-6.

Downloaded for Anonymous User (n/a) at UNIVERSITY OF MICHIGAN from ClinicalKey.com by Elsevier on May 26,
2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

423


http://refhub.elsevier.com/S0033-8389(21)00017-8/sref37
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref37
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref37
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref38
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref38
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref38
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref39
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref39
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref40
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref40
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref40
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref40
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref41
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref41
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref41
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref42
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref42
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref42
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref42
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref42
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref43
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref43
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref44
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref44
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref44
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref44
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref45
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref45
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref46
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref46
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref46
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref46
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref47
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref47
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref48
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref48
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref48
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref49
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref49
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref49
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref49
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref50
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref50
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref50
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref50
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref51
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref51
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref51
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref51
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref51
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref52
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref52
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref52
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref53
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref53
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref53
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref53
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref54
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref54
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref54
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref54
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref55
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref55
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref55
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref55
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref56
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref56
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref56
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref57
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref57
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref57
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref57
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref58
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref58
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref58
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref58
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref59
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref59
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref59
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref59
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref60
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref60
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref60
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref61
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref61
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref61
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref61
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref62
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref62
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref62
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref62
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref63
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref63
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref63
http://refhub.elsevier.com/S0033-8389(21)00017-8/sref63

	Neoplastic Meningitis and Paraneoplastic Syndromes
	Key points
	Introduction
	Pathophysiology
	Clinical features
	Diagnosis
	Paraneoplastic syndromes
	Paraneoplastic Cerebellar Degeneration
	Brainstem Encephalitis
	Striatal Encephalitis/Paraneoplastic Chorea

	Other paraneoplastic disorders
	Evaluation of the paraneoplastic neuronal disorder
	Antibody testing
	Special antibodies and paraneoplastic encephalitis
	Group I Antibodies: Autoimmune Encephalitis with Intracellular Antigens
	Group II Antibodies: Autoimmune Encephalitis with Cell-surface Antigens
	Anti-NMDAR encephalitis


	References


