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Autoimmune movement disorders are rare but potentially treatable entities. They can
present with an excess or paucity of movement and may have other associated
neurological symptoms. These disorders were originally recognized by their classic
clinical presentations and the cancers associated with them. Recent emphasis has been
targeted on associated, and sometimes causative, antibodies. Although some dis-
orders have stereotypical presentations, the spectrum of abnormalities reported in
association with antibodies is widening. Determining whether antibodies are incidental
or pathogenic and, hence, foregoing or commencing immunotherapy treatment can
be challenging for practicing neurologists. Physicians often have to make the decision
to empirically treat patients while awaiting test results. Due to the lack of randomized
controlled trials, the ideal immunotherapy treatments and regimens are unknown.
Patients with intracellularly targeted antibodies tend to fare less well, while those with
extracellularly targeted antibody disorders often respond to treatments reducing
antibody production. This review aims to summarize reported adult-onset autoim-
mune movement disorders to date, and to provide a template for the workup and
treatment of suspected disorders. Rarer antibodies that are not yet fully characterized,
or reported in a few cases only, will not be covered in detail as these are not likely to be
readily commercially available. Childhood disorders will be only be mentioned briefly in
the discussion, as there is a separate article in this issue on autoimmune neurologic
diseases in children.

Classic paraneoplastic autoimmune movement disorders such
as cerebellar degeneration and opsoclonus-myoclonus syn-
drome (OMS) were first recognized and described by neuroon-
cologists."-? Antibodies were identified with some but not all of
these conditions, indicating both B and/or T cell immunity
could be involved to different extents. A trigger event—such as
cancer or infection—stimulates the immune system to respond
in an attempt to clear the foreign antigen. Tumors can express a
wide variety of non-tumor-specific surface proteins, including
neuronal antigens. Antibodies to these antigens are produced
by the host and released into the bloodstream where they can
be detected by the immune system. In addition, the production
of cytotoxic T cells can cause direct peripheral nervous system
and central nervous system (CNS) neuronal damage, and there
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may also be direct autoantibody uptake by neurons. Antibodies
and plasma cells capable of producing antibodies must gain
access to the CNS—at least initially before subsequent CNS
autoantibody production—but how this occurs remains poorly
understood. It may be that some people have a “leaky blood-
brain barrier” as with Apo E —/— mice, or that a secondary
immunologic phenomenon disrupts blood-brain barrier integ-
rity.3 Antibodies, when identified, may be directed against
intracellular (aka nuclear, nucleolar, or cytoplasmic) or extra-
cellular (aka cell surface, synaptic) antigens.*> Antibodies
directed against intracellular antigens are most often asso-
ciated with malignancy, extracellular less so, with notable
exceptions such as N-methyl-p-aspartate receptor (NMDAR)
antibody encephalitis.*®~8 Damage to the nervous system in
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the presence of cancer is, at least in part, mediated by an early
cytotoxic CD8+ T cell attack (~Fig. 1);%"'2 further research is
needed to determine if there is also neural uptake of pathogenic
antibodies. These conditions often respond poorly to immu-
notherapy, and stabilization (rather than reversal) of disability
is usually the best outcome, although diagnosis is often later in
the disease course, and it is unknown if better outcomes could
be possible with very early initiation of treatment.'"'3 Anti-
bodies that target cell surface antigens, such as anti-NMDAR
and anti-leucine-rich glioma-inactivated 1 (LGI1) antibodies,
are directly pathogenic, with clear demonstration of alteration
of synaptic function by the antibodies, with less T cell-
mediated tissue destruction (~Fig. 1)."4~'® Cancer association
is weaker (but not absent) with these antibodies, and response
to immunotherapy is generally far superior, though the disease
course can be fluctuant with relapses.'”

Our understanding of this emerging area of autoimmune
movement disorders in neurology is growing, along with the
list of associated autoantibodies. At present, epidemiological
and treatment data on these conditions remain limited. This
review covers the current autoimmune movement disorders
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literature. We describe the features suspicious of an autoim-
mune movement disorder (~Table 1), and the approach to
evaluation. Next, we describe some of the features of previously
reported autoimmune movement disorders. We outline in
table form both the movement disorders (=~Table 2) and the
known characterized antibodies associated with movement
disorders (~Table 3). Finally, we discuss treatment strategies.

Features and Workup

Pure, isolated autoimmune movement disorders are rare,
and other etiologies should always be considered during the
workup. Cerebellar ataxia, chorea, and OMS are the most
well-known disorders. Most cases will have additional evi-
dence of neurological dysfunction, such as encephalopathy
or peripheral neuropathy. =Table 1 suggests features that
should prompt one to consider an autoimmune etiology.

If an autoimmune movement disorder is suspected, the
patient should have several key tests to look for supportive
evidence; such evidence can be useful later to ascertain
treatment success by comparing pre- and posttreatment
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Fig.1 Neural antigens are expressed at the surface of atumor and presented to B and T cells inciting an immune response. Antibodies targeting
neuron or astrocyte surface antigens (red) cause alteration of the function of receptors on the cell surface such as receptor internalization.
Antibodies targeting intracellular antigens do not usually affect neuronal function, but the T cell response causes destruction of neuron or
astrocyte tissue that is often permanent. Antibodies of both types are detectible in the serum and/or CSF of patients, allowing confirmation of an
autoimmune process. (Reproduced with permission from McKeon and Pittock,* Figure 1, page 38.)
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Table 1 When to suspect autoimmune movement disorder

When to suspect an autoimmune etiology

Female gender

Subacute onset

Fluctuating course

Multifocal neurological disease

Personal or family history of autoimmunity

Personal history of cancer or suspicion of new cancer

Abnormal supportive tests, i.e., CSF, imaging

Response to immunotherapy

Abbreviation: CSF, cerebrospinal fluid.

results. Serum antibody testing should be sent, ideally with a
matched cerebrospinal fluid (CSF) sample. This is particularly
true in NMDAR and AMPAR (a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid receptor) syndromes where occasion-
ally antibody-negative serum but antibody-positive CSF
patients have been described.'®?" There is a trend for labora-
tories to provide testing panels of antibodies for different
disorders, and it is likely in the future there may be specific
movement disorder panels. It is important to realize that when
“a paraneoplastic panel” is ordered, many commercial labora-
tories will only report on several common antibodies, and they
may not have tested for a specific or unusual antibody of
interest unless included in the “panel.” Conversation with the
testing laboratory can be useful to clarify what testing will be
done and the anticipated turnaround time for reporting
results. Approaching one of the large academic neuroimmu-
nology laboratories with interesting or complex cases and
arranging more extensive testing is sometimes worthwhile.
In addition to testing antibodies, CSF should be evaluated for
leukocytosis, raised protein, increased IgG index, and oligo-
clonal bands. Magnetic resonance imaging (MRI) of the brain
and/or spinal cord should be performed with and without
gadolinium, looking for evidence of limbic encephalitis and/or
myelitis which may accompany the disorder, and also to
exclude other diagnoses. T2 fluid-attenuated inversion recov-
ery (FLAIR) and diffusion-weighted imaging (DWI) sequences
are particularly useful for both temporal and extratemporal
abnormalities.? Electroencephalogram (EEG) should be per-
formed to look for evidence of encephalopathy or seizure
activity. Some disorders, such as faciobrachial dystonic sei-
zures with LGI1,>> and extreme delta brush on EEG with
NMDAR antibodies?* are characteristic. When available, a
movement disorder laboratory evaluation can be valuable in
detecting features of hyperekplexia, stiff person syndrome
(SPS), or myoclonus. If any of the above tests are supportive,
then a thorough age-appropriate search for cancer should be
performed, including a repeat comprehensive physical exam-
ination. Certain antibodies, when positive, can guide the
search for malignancy; for example, PCA-1/anti-Yo is highly
associated with gynecological cancer in females. Mammogra-
phy, testicular ultrasound, pelvic ultrasound, computed tomo-
graphy (CT) of the chest/abdomen/pelvis, gastroscopy,
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colonoscopy, digital rectal exam, serum prostate-specific anti-
gen, and cervical smear testing should all be considered in the
appropriate clinical contexts. If no cancer is identified, but
suspicion of malignancy is high, or an identified antibody is
highly associated with cancer, then positron emission tomo-
graphy-computed tomography (PET-CT) of the body should be
considered and potentially repeated serially, as both the
movement disorder and the antibody can predate the appear-
ance of a recognizable tumor. Once routine testing is per-
formed, PET-CT increases the sensitivity of diagnosis in 10% of
cases.”> The European Federation of Neurological Societies
(EFNS) has published guidelines on cancer screening in this
setting.® Neuropsychological testing may also be helpful
when available if the patient has associated cognitive impair-
ment. Sweat testing, autonomic and peripheral nerve studies,
or bowel motility studies may be considered if there are
features of involvement of these systems in addition to a
movement disorder. Video can be extremely valuable in
documenting movement disorders over time. It may be helpful
to follow any objectively abnormal test results pre- and post-
treatment as an unbiased assessment of immunotherapy
effect.

Movement Disorders

Catatonia

It is an abnormality of movement and behavior resulting in
immobility and stupor with waxy flexibility, catalepsy, and
stereotypy. Patients may be mute and withdrawn or agitated.
The cause may be psychiatric or neurologic, and it is essential
to not just clinically diagnose the features of catatonia, but to
determine an etiology for the catatonia. NMDAR encephalitis is
now a commonly recognized cause of catatonia.?’ Although
high-dose benzodiazepines can transiently improve the
patient in all-cause catatonia, if the cause is autoimmune,
then immunotherapy is required to treat the condition and
prevent progression. If a tumor, such as an ovarian teratoma, is
identified, symptoms are more likely to resolve upon removal.
Immunotherapy is usually also required in this setting.

Cerebellar Ataxia

Ataxia is an impairment of voluntary coordination of muscle
movements most frequently associated with cerebellar dis-
ease. Autoimmune cerebellar dysfunction tends to temporally
present midway between the rapid onset of a stroke and the
slow onset of a genetic disorder. Patients may have associated
dizziness, diplopia, oscillopsia, vertigo, or dysarthria.?32°
Those with nonparaneoplastic disease can do well with immu-
notherapy treatment. Patients with paraneoplastic cerebellar
disease are usually extremely disabled early in their clinical
course, or have already progressed substantially prior to
diagnosis.”® The originally described PCA-1/anti-Yo antibody
disorder occurs virtually exclusively in females with breast,
uterine, and ovarian cancers, and response to immunotherapy
in this disorder is generally extremely poor. Cytotoxic immu-
notherapy such as cyclophosphamide is often initiated with a
goal of slowing or halting progression, but seldom reverses
existing disability. Occasionally, classic paraneoplastic
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antibodies coexist with extracellular antibodies such as vol-
tage-gated calcium channel (VGCC) antibodies; these patients
may respond partially to immunotherapies such as rituximab,
which would not usually be effective in disorders with pure
intracellular antibodies only.3? The detection of coexisting
antibodies is the benefit of antibody screening panels, as
opposed to testing for individual antibodies. For example,
there are over 30 antibodies now described in association
with autoimmune cerebellar disease—some better character-
ized than others and some where only a few cases have been
reported; we include in our table the most well-characterized
and reported antibodies to date at the time of publication. The
majority of laboratories will only test for the most commonly
associated antibodies, and thus supportive evidence of an
autoimmune etiology, such as oligoclonal bands in the CSF,
can be helpful in situations where neural antibody testing is
limited.

In addition to ataxia, patients with VGCC antibodies may
have overlapping features of Lambert-Eaton myasthenic
syndrome.zg'31‘35 Ataxia in glutamic acid decarboxylase
(GADG65) antibody-positive patients may respond to immu-
notherapy, possibly due to the coexistence of another extra-
cellular antibody in tandem (such as the glycine receptor
[GlyR] antibody); there may also be overlap of cerebellar
ataxia with stiff person syndrome (SPS) and progressive
encephalomyelitis with rigidity and myoclonus (PERM) in
these cases. Only 12% of pure GAD65 antibody ataxia is
associated with cancer.34-3 Cerebellar ataxia has also been
reported in association with antibodies to glial fibrillary
acidic protein (GFAP).>” These antibodies can cause a broad
range of neurological syndromes and are found in association
with malignancy in approximately one-third of cases.
CASPR2-associated ataxia can present as an episodic disor-
der, with initially reported attacks triggered by postural
changes and/or emotions®® both CASPR2 and GFAP anti-
body-positive patients respond to immunotherapy when
caught early. Finallyy, NMDAR antibodies have also been
described rarely with ataxia without other classic NMDAR
encephalitis features.'”

Celiac disease-associated ataxia is controversial and likely
multifactorial. Ninety percent of cases occur in the absence of
gastrointestinal symptoms of celiac disease, but other sys-
temic autoimmune disorders and micronutrient deficiencies
often coexist that may be directly or indirectly associated
with ataxia. According to the literature, cerebellar atrophy is
present in over half of patients by presentation. If identified
early, precerebellar atrophy ataxia may be reversible by
adhering to a gluten-free diet.>® Case reports suggest that
lower limb ataxic predominance with prominent gait dis-
ruption is common.>°

In patients with a reported clinical diagnosis of SREAT
(steroid-responsive encephalopathy associated with auto-
immune thyroiditis, previously known as Hashimoto’s ence-
phalopathy), up to 28% may present with cerebellar ataxia.>
Onset can be acute or insidious, with a predominantly
truncal ataxia and nystagmus.3® Cerebellar atrophy is often
absent. Complete remission with steroids occurs in almost all
cases, and this diagnosis should only be entertained when all
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known neural antibodies have been tested for and excluded,
as it is possible that many historical cases of SREAT may have
been caused by previously unknown or as-yet unidentified
neural antibodies. The presence of thyroid antibodies in
SREAT patients—and any patients with systemic or neuro-
logic autoimmunity—indicates that the patient has a predis-
position to autoimmunity, but it is unlikely that the thyroid
antibodies themselves are pathogenic.

Chorea
Chorea (from the Greek, to dance) consists of involuntary brief
jerky movements randomly moving from one part of the body
to another in an unpredictable fashion. It can be associated with
athetosis (choreoathetosis) or other hyperkinetic movement
disorders under the umbrella term dyskinesia. Hence, both
disorders are grouped together in =Table 2. Autoimmune
disease is the second most common cause of adult-onset
chorea, after Huntington’s disease.*" In children, Sydenham’s
chorea (SC) accounts for the majority of cases historically, but
this condition is rare in adults and will not be covered in detail.*'
Adult-onset autoimmune chorea can be paraneoplastic or
nonparaneoplastic.*%*? Paraneoplastic chorea is more likely in
older, male patients with generalized chorea and other neu-
rological features such as peripheral neuropathy.* Collapsin-
response-mediated protein-5 (CRMP-5) antibody is the most
common paraneoplastic association, typically with small cell
lung carcinoma (SCLC) or thymoma.*>~4> CRMP-5-associated
chorea is usually part of a multifocal neurological disorder,
which can include optic neuritis/retinitis, encephalopathy,
ataxia, peripheral neuropathy, and, rarely, myelopathy.*>#*
MRI may show FLAIR hyperintensities in the basal ganglia,
limbic regions, brainstem, and white matter, or may be nor-
mal.*® The next most common paraneoplastic chorea is asso-
ciated with antineuronal nuclear antibody type 1 (ANNA-1)/
anti-Hu, also commonly associated with scLe. Nonparaneo-
plastic chorea is more likely in younger, female patients with
isolated chorea; often, thisis a hemichorea rather than general-
ized chorea.*® Both NMDAR and neurexin-3a encephalitis can
be associated with complex movement disorders: frequently
chorea, particularly orofacial chorea/dyskinesia, which may
continue while the patient is comatose. Both conditions are
also associated with autonomic instability, central hypoventi-
lation, and behavioral and cognitive disturbance with seizures.
Neurexin-3a antibodies have only recently been described in
five female patients, and are probably less common than
NMDAR antibodies as a cause of encephalitis. Prodromal fever
and diarrhea may be useful clues. No tumors have yet been
associated with neurexin-3a antibodies.*”~4° Chorea may be
an especially prominent feature when NMDAR antibodies are
detected 2 to 6 weeks post-herpesviral infectious encephali-
tis,>®>! and also may be the only finding in children with
NMDAR antibodies. An underlying ovarian teratoma is present
inup to 50% of postpubescent females with NMDAR antibodies,
but malignancy is rare in prepubescent children and men.>?
Chorea can also be found in association with CASPR2,
LGI1, and GADG65 antibodies. These associations tend to have
a more favorable response to immunotherapy and are less
frequently associated with cancer. One nonparaneoplastic
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Table 2 Movement disorders and their associated antibodies

Movement Extracellular Intracellular Nonneuronal Comment
disorders antibody associations
Ataxia AMPAR ANNA-1 Gliadin Celiac ataxia is
GABAR-A ANNA-2 (Ri) Endomysial likely multifactorial
GABAR-B ANNA-3
GFAP CRMP-5
mGIuR1 GAD65
NMDAR Homer-3
VGCC ITPR-1
VGKC complex Ma2
(CASPR2) PCA-1 (Yo)
PCA-2
PCA-Tr
Zic4
Athetosis AMPAR
Ballism CRMP-5
Cataplexy Ma-2
Catatonia NMDAR
Chorea/ AMPAR ANNA-T (Hu) APLS
choreoathetosis GABAR-A CRMP-5 ASO
GABAR-B GAD65 SSA/SSB (Ro/La)
Glycine R PCA-1 (Yo) TPO
IgLON5
Neurexin-3aNMDAR
VGKC complex (LGIT/CASPR2)
Dystonia AMPAR ANNA-2 (Ri) APLS Abs Tetanus-like trismus
GABAR-A CRMP-5 SSA/SSB (Ro/La) and opisthotonus
Glycine R tetanus-like trismus GAD65
and opisthotonus described Ma2
with Glycine and ANNA-2
receptor antibodies
NMDAR
VGKC complex (LGIT)
Hyperekplexia Glycine Amphiphysin
GADG65
Myoclonus AMPAR Amphiphysin TPO
Clycine R
Neurexin-3a
VGKC complex (LGIT)
Opsoclonus- Clycine R ANNA-2 (Ri) Most is antibody negative
myoclonus DPPX Ma-1
GABAR-A Ma-2
GABAR-B CRMP-5
Ganglionic AChR Zic4
HNK-1 GAD65
NMDAR
Parkinsonism DPPX ANNA-2(Ri) APLS Supranuclear gaze palsy
GAD-65 CRMP-5 TPO
Clycine R GAD65
IgLON5 Ma-1
LGI1 Ma-2*
VGKC (pre-LGI1 and CASPR2)
Pseudoathetosis VGKC complex (CASPR2) ANNA-1 (Hu)
PERM/stiff AMPA GADG65 TPO
person DPPX Amphiphysin
syndrome GABAR-A
Gephyrin
Glycine Ral
P/Q and N-type calcium channel
VGKC (pre-LGI1 and CASPR2)
Tics VGKC complex (LGIT) D2R (controversial) ASO
Tremor AMPAR ANNA-1 (Hu) APLS Palatal tremor
DPPX CRMP-5 Antigliadin/TTG SSA/SSB
GABAR-B GADG65 (palatal)* TPO
GFAP Ma1l
Clycine R Ma2
mGluR1 PCA-1
P/Q and N-type calcium channel PCA-2
VGKC complex (LGIT/CASPR2) PCA-Tr
ZIG4

Seminars in Neurology  Vol.

38 No. 3/2018

Downloaded by: University of Pennsylvania Libraries. Copyrighted material.



Autoimmune Movement Disorders

Table 3 Antibodies with associated movement disorder and cancers

Fearon, O’Toole

Antibodies Movement disorders Associated features Associated tumor

(antigens)

AGNA (Sox-1) Ataxia Brainstem encephalitis, Lung cancer
Lambert-Eaton syndrome,
peripheral (sensory) neuropathy

AMPAR Athetosis, chorea, dystonia, Amnesia, coma, encephalitis, eye Breast cancer, small cell lung

myoclonus, PERM/SPS, tremor movement abnormalities, cancer, thymoma, thymic cancer
psychiatric disturbance

Amphiphysin Hyperekplexia, myoclonus, Myelopathy, sensory Breast cancer, small cell lung cancer

PERM/SPS ganglionopathy
ANNA-1 (Hu) Ataxia, chorea, pseudoathetosis, Brainstem encephalitis, gut Bladder cancer, small cell lung
tremor dysmotility, myelitis, peripheral cancer
neuropathy, sensorineural deafness

ANNA-2 (Ri) Ataxia, dystonia, opsoclonus-myo- Brainstem or limbic encephalitis, Breast cancer, small cell lung cancer

clonus, parkinsonism myelitis

ANNA-3 Ataxia Brainstem or limbic encephalitis, Small cell lung cancer
myelitis, peripheral neuropathy

CASPR-2 Ataxia, chorea, parkinsonism, Encephalopathy, cognitive and/or Thymoma (30%)

(VGKC complex) | PERM/SPS, pseudoathetosis, psychiatric disturbance, neuro-

tremor myotonia, peripheral neuropathy,
seizures

CRMP5 Ataxia, ballism, chorea, dystonia, Encephalopathy, myelitis, optic NHL, small cell lung cancer,

opsoclonus-myoclonus, tremor neuritis, peripheral neuropathy thymoma, tonsillar cancer

DPPX Hyperekplexia, Cognitive impairment preceded by | Leukemia, lymphoma

opsoclonus-myoclonus, diarrhea, dysautonomia,
parkinsonism, PERM/SPS, tremor encephalopathy, periodic limb
movements of sleep

DR2 Chorea, dyskinesia, parkinsonism, Encephalopathy/encephalitis in N/A

tics children

GABAR-A Ataxia, dystonia, Brainstem encephalitis, chorea, Hodgkin’s lymphoma (rare)

opsoclonus-myoclonus, PERM/SPS encephalopathy, seizures

GABAR-B Ataxia, chorea, Agrypnia excitata, brainstem Breast cancer, small cell lung

opsoclonus-myoclonus, tremor encephalitis, coma, cancer, thymoma
encephalopathy

GAD65 Ataxia, chorea, dystonia, Limbic encephalitis, insulin-depen- Breast cancer, colon cancer,

hyperekplexia, parkinsonism, dent diabetes mellitus, seizures lymphoma, renal cell cancer,
PERM/SPS, tremor (can be focal onset) thymoma
Gephyrin PERM/SPS Brainstem encephalitis Mediastinal tumors
(single case only)

GFAP Ataxia, tremor Cognitive disturbance, encephalo- Varied (34%): bladder cancer,
pathy, meningoencephalitis, optic breast cancer, carcinoid, colon
nerve edema, seizures cancer, Hodgkin’s lymphoma, lung

cancer, stomach cancer, mela-
noma, myeloma, ovarian teratoma,
parotid cancer, prostate cancer,
renal cell cancer, teratoma

Glycine Chorea, dystonia, hyperekplexia, Autonomic dysfunction, brainstem | Breast cancer, Hodgkin’s leukemia,

opisthotonus, opsoclonus-myoclo- encephalitis, encephalopathy, eye small cell lung cancer, thymoma
nus, parkinsonism, PERM/SPS, movement abnormality (<10%)
tremor, trismus

HNK-1 Opsoclonus-myoclonus (rare) Encephalopathy Lung cancer (3 patients only)

Homer-3 Ataxia (rare) Encephalopathy, seizures N/A (4 cases only)

IgLON-5 Ataxia, chorea, parkinsonism, SPS Autonomic dysfunction, cognitive Breast cancer, NHL, prostate cancer
impairment, eye movement
abnormality, OSA, REM and
non-REM sleep behavior disorders,
stridor

ITPR-1 Ataxia (rare) Peripheral neuropathy Breast cancer with BRCA1

(Continued)
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Antibodies Movement disorders Associated features Associated tumor

(antigens)

LGI1 Chorea, dyskinesia, dystonia, Bradycardia, cognitive impairment, Carcinoid, mesothelioma,
faciobrachial dystonic seizures, hyponatremia, limbic encephalitis, neuroendocrine pancreatic tumor,
myoclonus, parkinsonism, seizures rectal carcinoma
PERM/SPS, tics tremor

Ma-1 Opsoclonus-myoclonus Brainstem encephalitis, limbic Bladder cancer

encephalitis

Ma-2/Ta Dystonia, opsoclonus-myoclonus, Brainstem encephalitis, Lung cancer, testicular cancer
parkinsonism encephalopathy, eyelid opening

apraxia, hypothalamic dysfunction,
limbic encephalitis, myelitis,
radiculitis, plexitis, narcolepsy type
syndrome, REMSBD, supranuclear
palsy, weight gain

mGluR-1 Ataxia, tremor Prodromal dysgeusia Hodgkin’s lymphoma, prostate

cancer

NMDAR Ataxia, athetosis, catatonia, Autonomic dysfunction, cognitive Ovarian teratoma (40%), breast
chorea, dystonia, opsoclonus-myo- | impairment, coma, encephalopa- cancer, lung cancer, extra ovarian
clonus, parkinsonism thy, psychiatric disturbance, teratoma, ovarian cancer,

seizures pancreatic cancer, testicular cancer

Neurexin-3a Myoclonus, orofacial dyskinesia Autonomic dysfunction, cognitive N/A

impairment, coma, diarrhea,
encephalopathy, prodromal fever,
seizures

PCA-1 (Yo) Ataxia, chorea, tremor Brainstem encephalitis, peripheral Gynecological cancer

neuropathy

PCA-2 Ataxia, tremor Brainstem encephalitis, encephalo- | Small cell lung cancer

pathy, Lambert-Eaton syndrome,
limbic encephalitis, myelitis, per-
ipheral neuropathy

PCA-Tr Ataxia, tremor Encephalopathy, eye movement or | Hodgkin’s lymphoma

pupillary abnormality, peripheral
neuropathy

P/Qand N Ataxia, tremor Lambert-Eaton myasthenic Small cell lung cancer

(VGCQ) syndrome, limbic encephalitis

ZIG4 Ataxia, opsoclonus-myoclonus Lambert-Eaton myasthenic Small cell lung cancer, ovarian

syndrome (rare) carcinoma

Abbreviations: NHL, non-Hodgkin’s lymphoma; PERM, progressive encephalomyelitis with rigidity; SPS, stiff person syndrome.
Note: Agrypnia excitata: insomnia, motor, and autonomic hyperactivation; REMSBD REM: sleep behavior disturbance.

chorea with a potentially worse prognosis is the recently
described IgLON5.>3># This is usually a multifocal condition
associated with prominent sleep disruption. Associated
ataxia, dysarthria, dysphagia, and parkinsonism are
described, with rapid progression to death in some cases.
Nonparaneoplastic chorea in association with recent strep-
tococcal infection (SC), systemic lupus erythematosus, and
antiphospholipid syndrome is not associated with cancer,
and may be responsive to immunotherapy. SC is rare in
adults, but in children it may be associated with positive
D2 antibodies targeting dopamine receptors, though this is
controversial,”® and it may be prudent to test suspected cases
of SC for other contributing or causal etiologies.

Dystonia
Dystonia is characterized by sustained abnormal posturing and

twisting of the axial or limb muscles. It may be associated with

Seminars in Neurology Vol. 38 No. 3/2018

abnormal repetitive movements such as tremor, an in such
cases the movement is characterized as a “dystonic tremor.”®
Although more classically associated with OMS, ANNA-2/anti-
Ri antibody can be found in patients with painful jaw dystonia,
axial/neck dystonia, and laryngospasm, potentially resulting in
malnutrition, respiratory distress, and even death.>’ Breast and
lung cancer are most commonly associated with ANNA-2/anti-
Ri antibodies. MRI may be normal or demonstrate T2 hyper-
intensity in the pons and temporal regions. The pathological
target appears to be the brainstem reticular formation, where
infiltrations of CD8+ T lymphocytes have been observed
on postmortem examination.>’ Unlike ANNA-1/anti-Hu and
PCA-1/anti-Yo antibodies, patients with ANNA-2/anti-Ri para-
neoplastic syndromes frequently demonstrate improvement if
treated promptly. This is consistent with in vitro observations
that while all three antibodies are taken up by viable neurons in
slice cultures, antibodies to ANNA-1/anti-Hu and PCA-1/anti-Yo
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cause neuronal death and ANNA-2/anti-Ri antibodies initially
induce only reversible neuronal dysfunction, rather than early
cell death.®

Dystonia in association with NMDAR is more common in
children (with associated psychomotor agitation and dyski-
nesia), but rare adult cases have been reported.”®° Limb and
oromandibular dystonia are most common, though oculo-
gyric crisis is not infrequently seen, followed by generalized
dystonia sometimes seen with other movement disorders.®'
In these cases, striatal T2 hyperintensities may be seen on
MRI brain.®? As mentioned earlier, ovarian teratoma may be
identified in adult female patients more than children.?

Although there is much debate as to whether they repre-
sent a seizure or a movement disorder, faciobrachial dystonic
movements described with LGI1 antibodies warrant discus-
sion. These involuntary, brief but extremely frequent, con-
tractions of unilateral face, arm, and occasionally leg last less
than 2 seconds and can occur up to 100 times per day.?*
These movements can be subtle but are highly specific for
LGI1 encephalitis and occur early in the disease course. Brief
loss of awareness may be preceded by an aura of fear or
difficulty speaking. MRI may show basal ganglia hyperinten-
sities.®® Ictal seizure activity or focal slowing is noted on the
EEG. Patients respond better to early initiation of immu-
notherapy rather than anticonvulsant monotherapy, though
both are used in combined treatment.?3

Dystonia has also been reported uncommonly in associa-
tion with GAD65 antibodies,®®%” GlyR antibodies,®® CRMP-5
antibodies,** antiphospholipid antibodies (often in associa-
tion with parkinsonism),%>”? and in Sjégren’s syndrome.” -7

Myoclonus

The term myoclonus describes brief, electric shock-like jerks
that can be focal, multifocal, or generalized. Myoclonus has
been described earlier in OMS, and will also be described
later in this review in the context of PERM. Isolated myoclo-
nus can occur as a forme fruste of OMS, but autoimmune
myoclonus can also occur as an independent entity.

In a case series of patients with IgLON5 autoantibodies, 3 of
26 patients had myoclonus in conjunction with other neuro-
logical features.>* The recently described clinical spectrum of
GFAP autoimmunity included a 15-year-old patient with
diffuse myoclonus.”> Dipeptidyl-peptidase-like protein-6
(DPPX) antibody-positive patients can have severe myoclonus
in conjunction with dysautonomia and diarrhea.”*’> Myoclo-
nus can also mimic Creutzfeldt-Jakob disease in the setting of
LGI1 antibodies with similar FLAIR and DWI changes seen
cortically on MRI in both disorders.”® CASPR2 is associated
with bilateral lower limb myoclonus similar to orthostatic
tremor in older gentlemen. They may also have fasciculations,
neuropathic pain and cognitive impairment responsive to
immune therapy.”’

Opsoclonus-Myoclonus Syndrome

OMS is an autoimmune disorder characterized by the acute or
subacute onset of opsoclonus (chaotic, conjugate saccadic eye
movements in all directions of gaze without intersaccadic
intervals), myoclonus (brief electric shock-like jerks which
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can be focal, multifocal, or generalized), and ataxia, often
with coexistent mood/behavioral changes or sleep disturbance.
Some patients may have only opsoclonus or whole-body
myoclonus without other features.”®’° Autoantibodies are
often negative, imaging is usually normal, and CSF may show
raised protein, lymphocytic pleocytosis, and oligoclonal bands.

Although OMS can be caused by metabolic derangements
or drug or toxin exposure, the pathogenesis is most fre-
quently immune mediated.®? Autoantibodies are isolated in
less than 20% of cases®! but immunotherapy is usually
effective. Presumptive targets include the cerebellum and
pons (specifically the pontine omnipause neurons). Post-
mortem studies demonstrate mild perivascular lymphocytic
inflammation in these areas without significant neuronal
destruction, suggesting the immune attack is not T cell
mediated.8283 OMS can also be idiopathic, paraneoplastic,
or parainfectious.®! In children, an underlying neuroblas-
toma is found in 50% of cases.®4 In adults, 15 to 40% of cases
are paraneoplastic, especially in patients older than 40 years.
SCLC, breast adenocarcinoma, ovarian teratoma, testicular
seminoma, non-SCLC, gastric, thymic, renal cell, and oro-
pharyngeal carcinoma are all described in patients with this
disorder.2"-8> OMS precedes the discovery of a tumor in 70%
of cases.?!

The only consistent antibody association is ANNA-2 in
patients with breast adenocarcinoma.®® Ma1, Ma2, CRMP-5,
and Zic4 and rarely GAD65%"-87-88 antibodies have been
reported with this movement disorder. Similarly, CASPR2,
DPPX, GABAR-A, GABAR-B, ganglionic ACh receptor, HNK-1,
GlyR, LGI1, and NMDAR antibodies are all associated with
0MS.21-89-90 Females with NMDAR antibody and myoclonus
should be checked for ovarian teratoma. HNK-1 antibodies
are common in lung cancer patients with OMS.8! GIyR anti-
body can also be associated with lung cancer in this context;
pontine omnipause neurons, which tonically inhibit saccadic
bursts of eye movements, are glycinergic.’' Regardless of the
presence or absence of antibodies or cancer, these patients
are unusual in that all can respond to immunotherapy,
though less well in paraneoplastic cases.”

In younger adults, parainfectious and idiopathic OMS are
more common. These patients more frequently experience a
viral prodrome before the onset of the movement disorder.
Response to immunotherapy is usually good.®! These
patients have fewer additional neurological features and
typically recover within 4 to 6 weeks of treatment.%”

Parkinsonism

Classic idiopathic Parkinson’s disease is asymmetrical, and
patients have features such as bradykinesia, tremor, postural
instability, and rigidity. Autoimmune parkinsonism is rare, and
often presents similar to atypical parkinsonian disorders such
as multiple system atrophy (MSA), progressive supranuclear
palsy (PSP), or corticobasal degeneration (CBD). Tremor is less
common and other features such as eye movement abnorm-
alities, brainstem signs, and sleep disorders are more common.
Rarely parkinsonism has been described with ANNA-2 (Ri),
CRMP-5, DPPX, GAD65, Ma1/Ma 2, or GlyR antibodies, and
may be mistaken clinically for PSP, MSA, or CBD.7>:92-96
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Autoimmune mimics of CBD and MSA have been specifically
reported with GAD65 antibodies. Imaging may show T2
hyperintensities in the thalamus and hypothalamus, temporal
lobe, brainstem (with Ma2 antibodies), and the basal ganglia
(with CRMP-5 antibodies).?? Anti-Ma2 encephalitis is the
classical cause of autoimmune parkinsonism:°>°° this condi-
tion causes a progressive rostrocaudal rhombencephalitis with
prominent sleep disorders and brainstem signs. Young men
who present with this disorder almost always have testicular
germ cell tumors.?” In older patients, the neoplastic associa-
tions of Ma2 include breast cancer, non-SCLC, tonsillar carci-
noma, lymphoma, and pancreatic and renal carcinoma, and
these malignancies often coexist with Mal antibodies in
addition to the Ma2 antibodies.?>*° The parkinsonism may
be levodopa-responsive in rare cases, but immune therapy
responsiveness is limited.

Nonparaneoplastic autoimmune parkinsonism has been
reported in association with antibodies to GAD65,”> GlyR,**
LGI1,%” and NMDAR.’® These may have a slightly more
favorable response to immune therapy. Thyroid peroxidase
antibodies of unclear significance have been reported in a
subset of patients with multiple system atrophy-cerebellar
type (MSA-C)*° presentations, and several cases of parkin-
sonism in association with Sjégren’s syndrome have also
been reported.'%’ IgLON5 antibodies have been reported in a
single patient with a PSP presentation.>

Stiff Person Syndrome|PERM

SPS is a spectrum of chronic disorders characterized by
progressive rigidity and stiffness with superimposed spasms,
resulting in postural deformities.

When positive, electromyogram (EMG) reveals continuous
co-contraction of agonistic and antagonistic muscles with
accompanying sustained motor unit action potentials.”® The
condition occurs without any visible fasciculations or myoky-
mias, and responds to peripheral nerve blockade (unlike
neuromyotonia). The prevalence is estimated to be 1 in
1,250,000'%" with a female preponderance of 7:3 and a median
age of onset of 40 years, occurring rarely in childhood.'%?

SPS is primarily associated with antibodies which target
GABAergic and glycinergic transmission. The most com-
monly occurring antibody in SPS is GAD65.'%? GAD65 is an
intracellular synaptic protein, and therefore the antibodies
are unlikely to be pathogenic but rather a biomarker of an
associated cytotoxic T cell-mediated immune response. This
antibody is also found in association with other autoimmune
disorders such as type 1 diabetes mellitus. Serum GADG65
levels are significantly lower (less than 20 nmol/L) in patients
with diabetes without features of SPS.'91%4 Detection of
GADG?5 in the CSF is specific for immune-mediated neurolo-
gical diseases.'®®> The next most common antibody is the
GlyR (GlyRa1) antibody.'% Other antibodies associated with
the syndrome include amphiphysin, DPPX, GABA-A, GABA-A
receptor-associated protein (GABARAP), and gephyrin.
GABARAP is always found with GAD65 present, so we have
not included it in our table. Gephyrin has only been
described in one report to date.'®” The above antibodies
appear to mediate CNS hyperexcitability by interfering with
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predominantly GABAergic inhibitory mechanisms: GAD65
antibodies functionally impair GABAergic neurons,'%® GlyR
antibodies bind to and impair receptor function on the
brainstem and spinal cord motor neurons,'%® and amphi-
physin antibodies alter the function of inhibitory synapses,
leading to reduced presynaptic GABAergic inhibition.'®

Clinical features include trunk and limb stiffness, painful
spasms, and an exaggerated startle response (hyperekplexia).
The “board-like” stiffness characteristic of classic SPSis usually
symmetrical with proximal lower limbs most affected. Limited
forms of the disease can occur, particularly in the setting of
amphiphysin antibodies.""" Hyperactivity of agonistic and
antagonistic (and particularly paraspinal) muscles may be
evident on examination. Over time, fixed deformities of the
spine (e.g., hyperlordosis) may be apparent due to prolonged
persistent muscle activity. Symptomatic improvement is seen
with diazepam.''? There is a spectrum of CNS hyperexcitabil-
ity seen in SPS, with the most severe phenotype characterized
by progressive encephalomyelitis, rigidity, and myoclonus
(PERM).""3 These patients present with a rapidly progressive
encephalopathy, rigidity characteristic of SPS, autonomic dys-
function, brainstem and spinal cord signs including bulbar and
extraocular disturbances, and stimulus-sensitive myoclonus.
The disorder can be fatal if untreated.'*

As noted above, GADG65 is usually associated with classic
SPS, but has been reported with PERM and limited forms of
SPS.192 In addition, it can coexist with cerebellar ataxia, chorea,
myelopathy, epilepsy, and brainstem and extrapyramidal syn-
dromes.?>11> Generally, GAD65 SPS is nonparaneoplastic,
although thyroid, thymus, renal, colon cancers, and lymphoma
have been found.'%%16-118 GlyR antibodies are more common
in PERM, but can also present as classic SPS.3® GIyR antibodies
can be nonparaneoplastic and, less frequently, paraneoplastic
(in association with lymphoma and thymoma).''"® Amphi-
physin is more frequently paraneoplastic and associated with
breast carcinoma and SCLC, and can also cause myelopathy,
encephalopathy, cerebellar dysfunction, autonomic dysfunc-
tion, and neuropathy.'%%12%.121 DPPX is a cell surface antibody
associated with a wide spectrum of multifocal neurological
disorders, including SPS, but also sleep disorders, autonomic
dysfunction (particularly of the gastrointestinal tract), ence-
phalopathy, brainstem syndromes, tremor, and myelopathy.”>
When SPS is present in association with DPPX, it is more
frequently the PERM phenytope.'?? Severe prodromal weight
loss with diarrhea is often seen, but in most cases, there is no
associated malignancy outside of rare B cell neoplasms.””
GABA-A receptor-mediated disease is usually nonneoplastic
and multifocal presenting with seizures, encephalopathy, OMS,
and SPS.2% Antibodies to gephyrin have been reported in a single
patient with classic SPS and mediastinal cancer.'%” Clearly, the
range of autoantibodies and the clinical and oncologic spectrum
of these disorders remains to be fully defined.

Electrophysiological assessment may provide supportive
evidence of hyperexcitability when SPS is suspected. Exagger-
ated acoustic startle reflexes, excessive, poorly habituating
widespread motor activity, and simultaneous continuous
motor unit activity of antagonistic muscles can be seen with
concentric needle EMG.'%* GAD65-mediated SPS has a variable
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response to immunotherapy, and responses do not correlate
with antibody titers. Complete response to treatment is
uncommon, and the disease may demonstrate a progressive
course despite symptomatic improvement with diazepam.'%*
If patients do respond dramatically to immunotherapy, they
are more likely to have GlyR or other cell surface antibodies
such as DPPX or GABA-A. Although amphiphysin is an intra-
cellular antigen, some patients respond with treatment of the
underlying cancer and immunotherapy, and thus a trial of
treatment is warranted in such cases.'°

Tremor

Tremor is an involuntary periodic (usually sinusoidal) oscil-
lation of a part of the body. Tremor rarely occurs in the setting
of autoimmune parkinsonism, but can occur as part of an
autoimmune encephalitis. Recognized antibodies that are
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associated with tremor include AMPAR, CASPR2, DPPX,
GABAR-B, GFAP, Glycine R, LGI1, mGluR1, NMDAR, PQ, and
N-type calcium channel antibodies.?':37:47.74.75.123

Pediatric Movement Disorders and Controversies

SC occurs 4 to 8 weeks following group A B-hemolytic
streptococcal infection. It occurs in 25% of children with
rheumatic fever.'?* The peak age of onset is 8 to 9 years of age
and it is rarely seen under 5 yealrs.124 A recent Irish study
suggested the incidence is increasing (0.23/100,000)."?> SC
tends to generalize but is typically asymmetric; and pure
hemichorea can be seen in 20% of cases.'?*1%® Additional
features are often seen including motor impersistence, hypo-
metric saccades, and hypotonia.’?® In severe cases, the
hypotonia may be so severe as to render the patient bed-
ridden (chorea paralytica).

Table 4 Immunotherapy options

14 days apart, repeat every
6 months or follow CD19 cell
count

Treatment Suggested regimen Acute/| Side effects Additional
chronic
Immunoglobulin 0.4 g/kg/d IV x 5 days Acute Anaphylaxis, aseptic Check for IgA deficiency
followed by repeat and/or meningitis, renal failure, pre use
infusions every month chronic | thrombosis
Methylprednisolone/ | 1 g daily x 5 days with option | Acute Avascular necrosis, Glucose monitoring
prednisolone to repeat intermittently or and/or Cushing’s syndrome, PPI for stomach protection
60 mg daily orally reducing chronic | hypertension, hyperglyce- DEXA scan if long-term use
dose mia, hypokalemia, insomnia, | Bone protection with cal-
mania, psychosis, cium/vitamin D/bispho-
osteoporosis, peripheral sphonate as appropriate
edema, peptic ulcer disease
Plasmapheresis 1 x 2-3 LIV exchange alter- | Acute Bleeding, hypocalcaemia, Daily albumin, electrolytes
nate days x 5-7 treatments, | and/or hypotension, hypoalbumi- and fibrinogen, replace as
can be repeated 2-3 monthly | chronic | nemia, hypofibrinogen- appropriate
emia.
Requires large-bore line.
Azathioprine 1.5 mg/kg/d orally increasing | Chronic, | Alopecia, diarrhea, nausea, | Check TPMT levels if low
to 2.5 mg/kg/d over time steroid hepatitis, infections, adjust dose
sparing | lymphoma after long-term | Septrin prophylaxis
use, teratogenic 960 mg x 3/week
Yearly Influenza vaccine
Pneumococcus vaccine
every 5 years
Cyclophosphamide 1-2 mg/kg/d orally or Chronic | Alopecia, hemorrhagic Pretreatment antiemetic,
500-1,000 mg/M2/month cystitis, infertility, leukope- | hydration, MESNA
IV x 6 months nia (nadir by day 14), Particularly paraneoplastic
mucositis, nausea, throm- cases
bocytopenia, vomiting
Mycophenolate 500 mg orally twice daily, Chronic | Bronchiectasis, diarrhea, Septrin prophylaxis
mofetil build up to 1,000 mg orally steroid hepatotoxicity, hypertension, | 960 mg x 3/week
twice daily sparing | hypogammaglobulinemia, Yearly Influenza vaccine
infection, lymphopenia, Pneumococcus vaccine
lymphoma after long-term every 5 years
use, nausea, peripheral
edema, teratogenic,
vomiting
Rituximab 1,000 mg IV x 2 doses Hypogammaglobulinemia Pretreatment immunoglo-

bulin levels, HBV, HCV,
QuantiFERON, pretreat-
ment influenza vaccine

Abbreviations: DEXA, dual energy X-ray absorptiometry; HBV, Hepatitis B virus; HCV, Hepatitis C virus; IgA, immunoglobulin A; IV, intravenous;

MESNA, Uromitexan; PPI, proton pump inhibitor; TPMT, thiopurine methyltransferase
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Tics are often reported with SC but can be difficult to
distinguish from chorea. Tics are repetitive stereotyped
movements or vocalizations that are brief, including blink-
ing, coughing, grunting, shrugging, and sniffing. They can be
simple or complex, encompassing multiple tics in sequence.
Adult-onset SC is rare.

Awealth of behavioral disturbances are associated with SC,
in particular obsessive compulsive behavior and attention and
anxiety disorders.'?’ There is evidence that executive dysfunc-
tion, particularly verbal fluency, occurs in patients with SC,
implicating the prefrontal cortex (as well as the basal ganglia)
in this disease.'?® Pediatric acute neuropsychiatric syndrome
(PANS) and pediatric autoimmune neuropsychiatric disorders
associated with streptococcus infection (PANDAS) are related
entities, which consist of tics, obsessive compulsive disorder,
and psychiatric symptoms following streptococcal infection.
Although an autoimmune pathogenesis (i.e., molecular mimi-
cry) has been presumed in SC, no definite antigen has been
identified to date. Elevations in several autoantibodies anti-
bodies have been proposed in SC but these antibodies are also
found in healthy controls, Huntington’s disease, and Parkin-
son’s disease.'”>"13! Antibody testing in PANS and PANDAS
tends to be negative.'3? SC is often self-limiting, albeit after
many months or a few years, but it can recur.'** Pediatric
autoimmune disorders are covered in a separate article in this
journal.

Treatment of Autoimmune Movement Disorders
There have been no randomized controlled trials of treat-
ment of autoimmune movement disorders. Generally, symp-
tomatic medications that would be used in chorea and
parkinsonism, for example, tetrabenazine or L-dopa, will
not alter the disease course. In SPS, medications that enhance
GABAergic transmission such as diazepam, tizanidine, or
baclofen/lioresal may improve symptoms in mild disease;
in severe disease, immunotherapy is warranted. Acute first-
line therapy is dependent on the treatment center and
availability. Intravenous pulsed steroids, intravenous immu-
noglobulin, and plasmapheresis are all frequently used,
reasonable options. Depending on the condition, etiology,
and antibody identified, consideration should be given
to second-line immunotherapy for several years, especially
if the disorder is known to relapse, as in nonteratoma-
associated NMDAR disorders. Paraneoplastic cerebellar
ataxia often is monophasic and therefore a short course of
cytotoxic therapy after cancer treatment for 3 to 6 months
may stabilize the patient. Disorders such as OMS usually do
well with short courses of treatment. =Table 4 lists all the
commonly used immunotherapies to date. In addition, other
agents such as tocilizumab (I1-6 inhibitor) and bortezomib
(plasma cell depletor) have been used in isolated refractory
NMDAR encephalitis cases.'3>"13> Another exciting new
therapeutic option in early-phase experimentation may be
ephrin B2, which has been administered to mice together
with NMDAR antibody-positive CSF with a resultant reduc-
tion in memory and behavior disruption by the NMDAR
antibodies,29:49:101.135,136
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Conclusion

Isolated autoimmune movement disorders are rare and most
commonly occur with other neurological features. Suspicion
of these disorders should prompt a thorough investigation
for an identifiable cancer and associated neural or systemic
antibodies. This will aid decisions with regard to treatment
and prognosis. Disorders with an extracellular antibody and
without cancer are more likely to respond to treatment.
Disorders with a cancer and/or an intracellular antibody
respond less well to immunotherapy.
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