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ARTICLE INFO ABSTRACT

Keywords: Paraneoplastic syndromes include, by definition, any symptomatic and non-metastatic condition associated with
Paraneoplastic syndromes a neoplasm. Paraneoplastic movement disorders are a heterogeneous group of syndromes encompassing both
Cancer hyperkinetic and hypokinetic conditions, characterized by acute/sub-acute onset, rapidly progressive evolution,

Movement disorders
Autoimmune disorders
Therapy

and multifocal localizations with several overlapping features. These movement disorders are immune-mediated,
as shown by the rapid onset and by the presence of antineuronal antibodies in biological samples of patients,
fundamental for the diagnosis. Antineuronal antibodies could be targeted against intracellular or neuronal
surface antigens. Paraneoplastic movement disorders associated with anti-neuronal surface antigens antibodies
respond more frequently to immunotherapy. The underlying tumors may be different, according to the clinical
presentation, age, and gender of patients. Our search considered articles involving human subjects indexed in
PubMed. Abstracts were independently reviewed for eligibility criteria by one author and validated by at least
one additional author. In this review, we sought to critically reappraise the clinical features and the patho-
physiological mechanisms of paraneoplastic movement disorders, focusing on diagnostic and therapeutic stra-
tegies. Our main aim is to make clinicians aware of paraneoplastic movement disorders, and to provide assis-
tance in the early diagnosis and management of these rare but life-threatening conditions.

1. Introduction precede the diagnosis of the malignancy from 1 to 5 years in up to 70%

of cases [5,6]. PNS pathogenesis is based on an immune response tar-

Paraneoplastic neurological syndromes (PNS) include any sympto- geting antigens/epitopes shared by tumor cells and normal cells within

matic and non-metastatic neurological condition associated with a the nervous system [7], differently from other non-neurological para-

systemic neoplasm [1]. PNS affect 1-15% of cancer patients, with dif- neoplastic syndromes in which the target antigen is found outside the
ferent prevalence according to the underlying tumor [2-4]. PNS might central nervous system.
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‘Classic’ paraneoplastic movement disorders, with the different underlying tumors, and antibodies typically found in association.

Paraneoplastic movement
disorders

Neoplastic disease

Antibody

Breast cancer
Lung cancer

Opsoclonus-myoclonus ataxia
syndrome

Neuroblastoma

*Ovarian teratoma

“*Testicular seminoma

Gastric cancer

Pyriform sinus cancer

Breast cancer, gynecologic cancer, prostate
cancer, upper gastrointestinal cancer
Hodgkin's Lymphoma

SCLC

Paraneoplastic cerebellar
degeneration

NSCLC
Head and neck cancer

Anti-Ri/ANNA-2 [16,17]; anti-glycine receptor [16].

Anti-glycine receptor [16]; anti-HNK-1 [16]; anti-kinesins [18]; anti-Zic2, anti-Zic4
[16,18]; anti-Ma2 [16]; anti-Hu/ANNA-1 [17]; anti-amphiphysin [17]; anti-GAD [19].
Anti-protein phosphatase-1 [18]; anti-Hu/ANNA-1 [18,20];

Anti-neuroblastoma and cerebellar structures [20].

*Anti-NMDA-R [16].

**Anti-glycine receptor [16].

Anti-Ma2 [16].

Anti-GAD [21].

Anti-Yo [22-26].

Anti-Tr [27].

Anti-VGCC [28-30]; anti-Hu/ANNA-1 [28-30]; anti-PCA2 [14]; anti-SOX-1 [29]; anti-
CRMP-5 [31]; anti-ANNA-3 [32].

Anti-Yo [33].

Anti-VGCC [34].

Onconeural antibodies: anti-Hu/ANNA-1, anti-Yo, anti-Ri/ANNA-2, ANNA-3, anti-CRMP-5, anti-amphiphysin, anti-GAD, anti-Ma2, anti-Tr, PCA2, SOX-1, and anti-
Zic2/4. Neuronal surface antibodies: anti-NMDA-R, anti-glycine receptor, anti-LGI1, anti-HNK-1, anti-VGCC, anti-kinesins, anti-neuroblastoma and cerebellar

structures, anti-protein phosphatase-1.

Paraneoplastic movement disorders (PMDs) are neurological con-
ditions with either an excess (hyperkinetic) or paucity (hypokinetic) of
movements, characterized by acute/sub-acute onset, rapid progression,
and several overlapping features [8,9]. The etiopathogenesis of PMDs is
immune-mediated. In presence of antibodies reacting against in-
tracellular neuronal antigens, historically defined as onconeural anti-
bodies (as in the ‘classic’ PMDs), the neuronal degeneration is due to
cytotoxic T-cells [10-14]. These onconeural antibodies are considered
markers of paraneoplastic disorders and do not have a direct pathogenic
role. Differently, antibodies reacting against neuronal surface antigens
(NSA) have a direct pathogenic role. NSA antibodies can recognize
different extracellular structures, such as domains of receptors, ion
channels, or components of neural plasma membranes.

We sought to describe the pathophysiological mechanisms and the
clinical features of PMDs, focusing on the existing diagnostic strategies
and therapeutic perspectives. Our main aims are to make internists,
oncologists, and general neurologists aware of PMDs and to provide
assistance to the early diagnosis and management of these rare but life-
threatening conditions.

In this review, we considered articles involving human subjects
published in English and indexed in PubMed between January 1992
and December 2018. Our MESH search terms included ‘Paraneoplastic
syndrome’, ‘Cancer’, ‘Malignancies’, ‘Antibodies’, ‘Onconeural anti-
bodies’, ‘Neuronal surface antibodies’, ‘Opsoclonus-myoclonus’,
‘Paraneoplastic cerebellar degeneration’, ‘Autoimmune encephalitis’,
‘Limbic encephalitis’, ‘Anti-NMDA-R encephalitis’, ‘Paraneoplastic
myoclonus’, ‘Paraneoplastic chorea’, ‘Paraneoplastic dystonia’,
‘Paraneoplastic tremor’, ‘Peripheral nerve hyperexcitability’, ‘PERM’,
‘Stiff person syndrome’, ‘Paraneoplastic parkinsonism’. No restrictions
were applied to gender, age, ethnicity, disease duration, or disease se-
verity. The reference lists were additionally screened for pertinent
studies not included in the original searching strategy. Abstracts were
independently reviewed for eligibility criteria by one author and vali-
dated by at least one additional author. Relevant articles were analyzed
according to the following themes: ‘Diagnosis and management of
PMDs’, and ‘Tumors associated with PMDs’.

2. Paraneoplastic movement disorders

The clinical classification of PMDs is challenging because signs and
symptoms frequently overlap across different disorders. The principal
movement disorders that we will discuss in the present review are:
opsoclonus (a series of involuntary multidirectional back-to-back
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saccades without an inter-saccadic interval), ataxia (altered muscle
coordination), myoclonus (brief shock-like jerks lasting < 100 msec),
chorea (irregular and purposeless movements, slower than myoclonus,
that flit from one body part to another in a chaotic pattern), dyskinesia
(any abnormal and involuntary movement showing characteristics that
may overlap with chorea and also dystonia), dystonia (sustained or
intermittent muscle contraction that causes abnormal movements or
postures), tremor (rhythmic, oscillatory movement, due to the alternate
activation of agonist and antagonist muscles), and parkinsonism (ri-
gidity associated with bradykinesia, tremor, or postural instability).
Other conditions that will be also discussed are neuromyotonia (in-
ability to relax voluntary muscle after vigorous effort), myokymia
(spontaneous, fine fascicular contractions of one or few muscles), and
fasciculations (muscular twitching involving the simultaneous con-
traction of contiguous groups of muscle fibers) [15]. In this section, we
describe the clinical features of PMDs and the type of tumors most
commonly found in association. Each paragraph is organized and
named according to the most important clinical feature of the asso-
ciated syndrome, although many intersections exist (e.g., anti- N-me-
thyl-p-aspartate receptor - NMDA-R - encephalitis is discussed under
both encephalitis and dyskinesias, although the former is the most
important condition found in association with those antibodies). First,
we discuss the ‘classic’ PMDs, originally attributed to onconeural anti-
bodies (Table 1). Then, we review the paraneoplastic autoimmune en-
cephalitides, the associated antibodies (more frequently NSA anti-
bodies) (Table 2) and the related movement disorders. Finally, a
miscellaneous group of hyperkinetic and hypokinetic PMDs is con-
sidered (Table 3). However, the distinction between ‘classic’ and other
PMDs, based on the positivity for onconeural or NSA antibodies re-
spectively, appears to be less strict since ‘classic’ PMDs are also asso-
ciated with NSA antibodies and vice versa.

3. Classic paraneoplastic movement disorders
3.1. Opsoclonus-myoclonus ataxia syndrome

Opsoclonus-myoclonus ataxia syndrome (OMS) is a peculiar syn-
drome characterized by opsoclonus accompanied by myoclonic jerks in
the limbs or trunk, ataxia, tremor, and encephalopathy [16,54]. It can
occur in both pediatric and adult patients, although the origin is dif-
ferent according to the age of the patient. In children, paraneoplastic
OMS occurs in association with neuroblastoma in almost 50% of cases
[20], whereas in adults the causes of OMS are mostly infectious, toxic-
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Table 2
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Paraneoplastic autoimmune encephalitides, with the different underlying tumors, and antibodies typically found in association.

Paraneoplastic movement disorders Neoplastic disease

Antibody

Autoimmune encephalitides Ovarian teratoma (rare: extra-ovarian
teratoma, ovarian cancer)
SThymus carcinoma

#Thymomas
Testicular cancer
Pancreatic cancer

Lung cancer

Breast cancer

Anti-NMDA-R [35,36]; anti AMPA-R [37].

SAnti-NMDA-R [36]
#Anti-LGI1 [35]; anti-CASPR2 [38]; anti-AMPA-R [37]; anti-GABA-R [39,40]; anti-GAD
[39]; anti-CRMP-5 [31].

Anti-NMDA-R [36]; Anti-Ma2 [35,41].

Anti-NMDA-R [36].

Anti-NMDA-R [36]; anti-Ma2 [42]; anti-AMPA-R [37]; anti-GABAg-R [39,43]; anti-Hu/
ANNA-1 [1]; anti-CRMP-5 [31]; anti-amphiphysin [44].

Anti-NMDA-R [36]; anti-Ma2 [45]; anti-AMPA-R [37]; anti-amphiphysin [44].

Onconeural antibodies: anti-Hu/ANNA-1, anti-CRMP-5, anti-amphiphysin, anti-GAD, anti-Ma2. Neuronal surface antibodies: anti-NMDA-R, anti-AMPA-R, anti-

GABA,,5-R, anti-CASPR2, anti-LGI1.

metabolic, and lastly, paraneoplastic. In adults, paraneoplastic OMS
occurs in association with small cell lung cancer (SCLC), ovarian
cancer, and breast cancer [16,55]; exceptional cases have been linked
to other tumors such as gastric cancer [16,56] and non-Hodgkin lym-
phomas [57] (Table 1). The search for antibodies related to OMS has
not revealed a specific biomarker of the disease. So far, the most sig-
nificant associations observed are as follows: anti-Ri/ANNA-2 anti-
bodies in patients affected by paraneoplastic OMS and breast cancer
[16,55]; and anti-glycine receptor NSA antibodies in patients affected
by paraneoplastic OMS and lung cancer [16]. Finally, Armangue et al.
[16], have recently described new NSA antibodies against the epitope
named human natural killer 1 (HNK-1) in patients with paraneoplastic
OMS and lung cancer.

3.2. Paraneoplastic cerebellar degeneration

Paraneoplastic cerebellar degeneration is considered one of the
most common paraneoplastic neurological presentations of tumors in
general. The most frequently involved tumors in paraneoplastic cere-
bellar degeneration are SCLC, breast and gynecological cancers, pro-
static cancer, and Hodgkin's lymphoma, although sporadic cases of non-
Hodgkin's lymphoma and gastric cancers have also been described
[28,58-60]. Clinical features may include ataxia of gait and limbs, di-
plopia, dysarthria, and dysphagia, reaching a plateau within 6 months.
In some cases, blurry vision, nystagmus, and opsoclonus are recorded as
well [31,58]. Magnetic resonance imaging (MRI) is usually normal
during the initial stages of paraneoplastic cerebellar degeneration,
whereas over time cerebellar atrophy becomes evident. Paraneoplastic
cerebellar degeneration needs to be differentiated from other rapidly
progressing acquired cerebellar ataxias, including but not limited to
infectious and toxic ataxias, autoimmune ataxias (e.g., associated with
diabetes type 1 and thyroid disease, usually displaying anti-glutamic
acid decarboxylase — GAD - antibodies; see encephalitides), and

Table 3

vitamin B deficiency-related ataxias. From a pathological point of view,
the hallmark of paraneoplastic cerebellar degeneration is a widespread
degeneration of Purkinje cells, accredited to inflammatory infiltrates
[61,62]. Both onconeural and NSA antibodies have been described in
association with paraneoplastic cerebellar degeneration. Anti-Yo anti-
bodies are the most frequently found in this condition, whereas anti-Tr
antibodies are observed less commonly. Anti-Yo antibodies are mainly
related to gynecological or breast cancers, followed by gastrointestinal
and prostate cancers [23,26,63,64], anti-Tr antibodies are associated
with Hodgkin's lymphoma [27]. Forty per cent of patients with SCLC
develop NSA antibodies in conjunction with paraneoplastic cerebellar
degeneration, namely antibodies against voltage-gated calcium chan-
nels (VGCC) (in this case, a Lambert-Eaton myasthenic syndrome could
be associated); 20% of them develop anti-Hu/ANNA-1 antibodies, and a
minority of cases, develop antibodies anti-collapsin-response mediated
protein 5 (CRMP-5), anti-amphiphysin, anti-Purkinje cell cytoplasmic
antibody type 2 (PCA2), and anti-ANNA-3 [14,30-32] (Table 1). The
largest group of patients with paraneoplastic cerebellar degeneration
without identifiable antibodies comprises those affected by non-small
cell lung cancer (NSCLC) followed by other conditions such as glottal-
pharyngeal cancers [65] and chronic lymphatic leukemia [Marsili et al.,
personal oral communication 2014].

4. Paraneoplastic autoimmune encephalitides and associated
movement disorders

Autoimmune encephalitides (also called limbic encephalitides when
involving the limbic system) are a heterogeneous group of conditions
characterized by acute to sub-acute onset, rapid progression
(usually < 6 weeks), deficits of memory and cognition, and association
with different movement disorders [66]. Autoimmune encephalitis may
be the expression of infectious conditions, autoimmune disorders (e.g.,
lupus, acute disseminated encephalomyelitis), or paraneoplastic

Main hyperkinetic and hypokinetic paraneoplastic movement disorders, with the different underlying tumors, and antibodies typically found in association.

Paraneoplastic movement disorders Neoplastic disease

Antibody

Myoclonus Lung cancer, breast cancer, melanoma
Chorea Lung cancer, thymomas

Non-Hodgkin lymphoma

Head and neck cancer

Ovarian teratoma
Dystonia Breast cancer

Ovarian teratoma
Paraneoplastic parkinsonism Testicular cancer
Ovarian teratoma
Lung cancer
Breast cancer, Lung cancer, thymoma

Lymphoma

Peripheral nerve hyperexcitability
Stiff person syndrome

Anti-amphiphysin [3]

Anti-CRMP-5 [46]; anti-Hu/ANNA-1 [47,48]; anti-GABAA-R, anti-NMDA-R [49].
Anti-CRMP-5 [46].

Anti-CRMP-5 [46].

Anti-NMDA-R [49].

Anti-Ri/ANNA-2 [50].

Anti-NMDA-R [50].

Anti-Ma2 [51].

Anti-NMDA-R [49].

Anti-CRMP-5 [52].

Anti-amphiphysin [3]; anti-glycine receptor [53]; GABA-R [49]; Anti-Ri/ANNA-2 [49].
Anti-DPPX [49].

Onconeural antibodies: anti-Hu/ANNA-1, anti-Ri/ANNA-2, anti-CRMP-5, anti-amphiphysin, anti-Ma2. Neuronal surface antibodies: anti-glycine receptor, anti-VGKC.
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disorders, exhibiting diverse immunologic associations, clinical mani-
festations, and finally therapeutic outcomes. In this section, we will
discuss paraneoplastic autoimmune encephalitides, according to their
underlying antibodies, given that each one of these antibodies is asso-
ciated with different epidemiological and clinical features (Table 2). We
will then focus on the description of the main movement disorders as-
sociated with each condition.

4.1. Anti-NMDA-R encephalitis

Anti-NMDA-R encephalitis, predominant in females (F:M ratio 4:1),
probably represents the most common autoimmune encephalitis sub-
type worldwide [67]. It may be due to both paraneoplastic and non-
paraneoplastic conditions (e.g., Herpes-simplex virus-associated en-
cephalitis) according to different demographic and ethnic features [68].
The most prevalent underlying tumor is ovarian teratoma (94%), fol-
lowed by extra-ovarian teratomas (in women), lung, breast, testis (in
men), thymus, pancreas, and other ovarian cancers. All these tumors,
except for ovarian teratoma, are predominant in adult patients
(> 50years old); Asians and African-Americans are more susceptible to
develop those tumors (40-50%) compared to Caucasians or Hispanics
(~30%). Young men and children show a much lower prevalence of
paraneoplastic anti-NMDA-R encephalitis (6%); in that population, non-
paraneoplastic forms are more frequent [36,67]. Prodromal symptoms
consist of behavioral abnormalities, mood disturbances, and psychosis
(e.g., hallucinations, delusions). The prodromal phase is followed by an
acute phase consisting of severe psychiatric positive symptoms, high
fever, seizures (with the typical EEG pattern named ‘extreme delta
brush activity’) [69], status epilepticus, and hyperkinetic movements
(opisthotonus, chorea, tremor, oculogyric crisis, orofacial and limb
dyskinesias, stereotypies, and ataxia), followed by hypokinetic phe-
nomena (general rigidity/parkinsonism, or catatonia) [70]. At this
stage, autonomic failure and hypoventilation requires admission to
intensive care units and continuous monitoring of vital signs. The dis-
ease course is generally prolonged (months) and insidious with possible
relapses. Anti-NMDA-R antibodies are usually detected in cerebrospinal
fluid (CSF) or serum, and a follow-up of antibodies titer is helpful to
monitor the prognosis.

4.2. Other paraneoplastic autoimmune encephalitides

Other paraneoplastic autoimmune encephalitides, not anti-NMDA-
R-mediated, include both NSA antibodies and onconeural-mediated
autoimmune encephalitides. The first group consists of anti-leucine-rich
glioma inactivated 1 (LGI1), anti-contactin-associated protein 2
(CASPR2), anti- a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
receptor (AMPA-R), and anti-gamma-aminobutyric acid-,, receptor
(GABA,p-R) associated encephalitides. The second group comprises
anti-GAD, anti-Ma-2, anti-Hu/ANNA-1, anti-CRMP-5, and finally anti-
amphiphysin associated encephalitides.

LGI1 encephalitis is rarely associated with tumors (~10% of cases)
when compared to other paraneoplastic autoimmune encephalitides,
the most frequent condition in which it occurs being thymoma [34,70].
However, out of NSA antibodies, LGI1 are most frequently found in
patients with limbic encephalitis [71,[72]]. Usually, men older than 50
are the most affected population in paraneoplastic LGI1 limbic en-
cephalitis. Movement disorders associated with LGI1 limbic en-
cephalitis are the so-called faciobrachial dystonic seizures, described in
40% of cases, and consisting of focal epileptic seizures associated with
paroxysmal dystonic/dyskinetic movements that occur on facial and
arm muscles, often alternating from one side to another [73,74]. Au-
tonomic symptoms (e.g., diarrhea, sialorrhea, hyperthermia, blood
pressure fluctuations, tachycardia/bradycardia) are present in about
10% of patients [75], occasionally occurring alongside neuromyotonia
[49].

Anti-CASPR2 encephalitis is associated with thymoma and other
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tumors in a variable percentage ranging from 10 to 40% of reported
cases [38]. Anti-CASPR2 encephalitis might associate with dysauto-
nomia and peripheral nerve hyperexcitability (e.g., Morvan's syndrome,
see peripheral nerve hyperexcitability), or with choreic movements.

Anti-AMPA-R encephalitis typically presents with memory loss and
confusion, possibly associated with dyskinesia, or parkinsonism [37].
Anti-AMPA-R encephalitis is predominant in females, and underlying
tumors have been found in ~65% of reported cases, namely (in order of
frequency) SCLC, thymoma, breast cancer, ovarian teratoma, and fi-
nally other lung cancers [37].

Anti-GABAA-R encephalitis is characterized by seizure and rapidly
progressive status epilepticus with the possibility of associated move-
ment disorders such as chorea, dystonia, OMS, and stiff person syn-
drome (SPS) [40]. Thymoma is the most frequently associated tumor
(25% of cases) [39]. Anti-GABAp-R encephalitis, characterized by
memory loss and seizures, might be associated (although infrequently)
with movement disorders such as orolingual dyskinesia [43]. Under-
lying associated tumors are SCLC (50% of reported cases) [39].

Anti-GAD encephalitis is rarely paraneoplastic, and when present
the underlying tumor is usually a thymoma [39]. When other anti-
bodies are present along with Anti-GAD, the possibility of a para-
neoplastic diagnosis increases [76]. Anti-GAD encephalitis might
manifest as late onset cerebellar degeneration, temporal lobe epilepsy,
or limbic encephalitis associated with SPS.

Anti-Ma2 encephalitis may affect the limbic system, the hypotha-
lamus, and the brainstem individually or in combination with one an-
other [77]. Therefore, the presenting symptoms can originate in any of
these regions, followed by progression to the others. In fact, some pa-
tients may show sleep disturbances (e.g., daytime sleepiness, narco-
lepsy, REM-sleep abnormalities), hyperphagia, and hypothalamic or
pituitary hormonal deficits in addition to limbic dysfunction [1]. In
other cases, hypokinetic movement, supranuclear vertical gaze palsy
[78] or even jaw dystonia are evident [1]. Whenever there are ab-
normal facial movements and ocular abnormalities, Whipple's disease
should be considered [79]. Differently, when sleep disorders, ocular
movement abnormalities, and parkinsonism are present, it is also im-
portant to rule out the IgLON5-related tauopathy, a non-paraneoplastic
autoimmune movement disorder [49]. Both cerebellar symptoms and
peripheral neuropathy occur rarely [42,80]. In young men (< 50 years
old), anti-Ma2 encephalitis is usually associated with testicular germ-
cell tumors [35,41]; in older men and women (> 50 years old), how-
ever, the most common tumors are non-SCLC and breast cancer
[35,42]. anti-Hu/ANNA-1 encephalitis is characterized by seizures in-
volving the extremities or tongue, and/or status epilepticus. The un-
derlying tumor is usually SCLC [1].

Anti-CRMP-5 encephalitis is an encephalomyelitis associated with
sensorimotor neuropathy, cerebellar ataxia, and chorea [1]. The un-
derlying tumors are usually SCLC and thymoma. [31]. Anti-amphi-
physin encephalitis is characterized by rigidity (possibly configuring
SPS), confusion, spasms, and memory loss. Main associated tumors are
SCLC (90% of reported cases) and breast cancer [44].

5. Hyperkinetic conditions
5.1. Myoclonus

The ‘classic’ PNS myoclonic disorder is OMS, characterized by
myoclonic movements of limb and trunk [17]. Myoclonic jerks might be
observed also within the context of encephalitic syndromes, as in the
LGI1 limbic encephalitis. However, as mentioned before, myoclonus
can also occur as a presenting isolated feature of a PMD. In patients
with anti-amphiphysin antibodies, myoclonus can involve the dia-
phragm, spine, or limbs and may be associated with other movement
disorders, namely tremor, chorea, dystonia, and rigidity [2]. In anti-
amphiphysin-associated myoclonus, the most common causative tu-
mors are lung (~60%), breast (~30%), and melanoma (~5%),
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(Table 3). Myoclonus has been associated with thyroid carcinoma, al-
though no specific antibodies have been identified within this re-
lationship [81]. In addition, myoclonus has been linked to anti-Ri/
ANNA-2 antibodies, but without any evidence of underlying cancers
[82].

5.2. Chorea

There are a wide number of causes of chorea ranging from primary
(genetic such as Huntington's disease) to secondary. Secondary causes
include structural lesions (e.g., vascular, oncological, inflammatory),
drugs (e.g., neuroleptics), and toxic-metabolic disorders. Choreic
symptoms, when associated with other peripheral (polyneuropathy) or
central (encephalitis, psychiatric disturbances, or cerebellar ataxia)
neurological conditions may configure PMDs. Paraneoplastic chorea is
a rare condition and is therefore infrequently considered among the
differential diagnosis of these hyperkinetic disorders. In paraneoplastic
chorea, brain MRI often shows bilateral hyperintensity of caudate nu-
clei and putamen [57]. Paraneoplastic chorea has been described in
association with different antibodies in the following order of fre-
quency: anti-CRMP-5, anti-Hu/ANNA-1, anti-CASPR2, and anti-LGI1,
the latter two being found mostly in association with non-para-
neoplastic-(autoimmune)-chorea [46,47]. Finally, paraneoplastic
chorea may be seen in the spectrum of involuntary movements in
several paraneoplastic autoimmune encephalitides (see related section).
Anti-CRMP-5 antibodies are associated respectively with SCLC in 70%
and thymoma in 30% of diagnosed cases [31,48]. Rarely, anti-CRMP-5
antibodies have been associated with non-Hodgkin lymphoma and
tonsillar cell carcinoma. Other tumors reported alongside para-
neoplastic choreas are chronic myeloid leukemia, Hodgkin lymphoma,
and also breast, renal, and prostate carcinoma [46,47]. Even so, auto-
antibodies remain unidentified in > 50% of paraneoplastic choreas
[57]. For further antibodies associated with paraneoplastic chorea, see
Table 3. Finally, orofacial dyskinesia are choreic movements char-
acteristic of anti-NMDA-R encephalitis [11,36], however they may be
found in severe encephalitis (e.g., confusion, decreased level of con-
sciousness, seizures, myoclonus) when associated with neurexin-3a
antibodies [83,84]. Only few patients have been reported to date, and
no tumors have been detected. While some patients partially improved
with immunotherapy, others had no benefits and showed a rapidly
progressive deterioration [84].

5.3. Dystonia and tremor

Paraneoplastic dystonia is typical of patients with brainstem en-
cephalitis within the context of anti-Ri/ANNA-2 antibodies and is as-
sociated with breast cancer [3]. In some cases, other types of dystonia,
namely axial/neck dystonia, and laryngospasm are present. Uniquely,
limb dystonia may be associated with pediatric anti-NMDA-R en-
cephalitis (Table 3) [85].

Tremor can be present in encephalopathic conditions when asso-
ciated with anti-LGI1, anti-CASPR2, anti-NMDA-R, and anti-dipeptidyl-
peptidase-like protein 6 (DPPX) antibodies (in this last case myoclonus
and dysautonomia are characteristic symptoms) [49,76,85-88]. Anti-
DPPX antibodies are found in lymphomas in < 10% of cases [39].
Different types of tremor may be observed: intention and action tremor
can occur in various paraneoplastic cerebellar degenerations, whereas
Holmes tremor (e.g., an irregular 3-4 Hz tremor, present at rest and
exacerbated with posture and action) is typically associated with
paraneoplastic cerebellar degeneration and anti-Yo antibodies [58].

6. Hypokinetic conditions
6.1. Paraneoplastic parkinsonian syndromes

Paraneoplastic parkinsonian syndromes are uncommon conditions,
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typically associated with encephalomyelitis and involving the brain-
stem in nearly 50% of cases [42,89]. Vertical gaze palsy is common
(~60% of cases), resembling the atypical parkinsonian syndrome
‘progressive supranuclear palsy’ [90]. Hypokinesia, rigidity, blephar-
ospasm, and reduced verbal fluency are also frequently reported
[42,51,78,89]. An autonomic dysfunction characterized by hypoventi-
lation and hyperthermia, associated with facial grimacing, abdominal
contractions, and dystonia, might present as a complication [91]. Un-
derlying tumors are most commonly B-cell lymphoma [92], lung car-
cinoma [93] possibly in association with anti-CRMP-5 antibodies [52],
and finally testicular tumors in young males presenting with anti-Ma2-
associated encephalitis (see anti-NMDA-R encephalitis) (Table 3) [51].

7. Other conditions
7.1. Stiff-person syndrome

Stiff person syndrome (SPS) is a disease spectrum characterized by
slowly progressive axial rigidity associated with intermittent painful
spasms. SPS, prevalent in females, may be idiopathic or secondary to
autoimmune disorders or paraneoplastic conditions (5% of cases). Some
variants of this condition include stiff limb syndrome, jerking stiff
person syndrome, and progressive encephalitis with rigidity and myo-
clonus (PERM) [89,94]. SPS is a fluctuating condition, improving
during sleep but exacerbated by movements, sensory stimulation, or
different emotions [89]. Spasms and myoclonic jerks may present as
well. Anti-GAD autoantibodies are found in 50-90% of SPS cases; other
antibodies found in association with SPS are anti-amphiphysin and anti-
glycine receptor. Anti-GAD SPS is mostly due to autoimmune diseases
(e.g., diabetes type 1), whereas anti-amphiphysin and anti-glycine re-
ceptor SPS are frequently associated with solid tumors [3,53,89].
Paraneoplastic SPS typically affects both limbs and may be associated
with sensory neuronopathy. Anti-glycine receptor antibodies are known
to have false positives outside the phenotype of SPS and PERM (e.g., it
has been reported in optic neuritis and epilepsy) [49]. Lastly, anti-
amphiphysin antibodies may also be found in PERM [89,95], a condi-
tion characterized by altered consciousness, brainstem manifestations,
myoclonus, cerebellar ataxia, and diffuse rigidity (Table 3) [96].

7.2. Peripheral nerve hyperexcitability

Peripheral nerve hyperexcitability includes by definition a number
of different conditions such as neuromyotonia, myokymia, or fascicu-
lations, characterized by spontaneous muscle activity and motor nerve
hyperexcitability [15]; however only neuromyotonia (isolated or in the
context of Morvan's syndrome) may be paraneoplastic. They are in-
cluded in this review as they may be confused with movement disorders
and are therefore worth keeping in mind in the differential diagnosis.
Peripheral nerve hyperexcitability may be associated with anti-voltage
gated potassium channel antibodies (VGKC) in up to 40% of cases, with
25% of these due to PNS [89]. Other antibodies found in association
with peripheral nerve hyperexcitability are anti-CASPR2, either in
isolated neuromyotonia or as part of Morvan's syndrome (e.g., neuro-
myotonia accompanied by psychiatric symptoms) [38,97]. Finally, anti-
LGI1 antibodies and anti-contactin 2 antibodies have also been identi-
fied in patients with peripheral nerve hyperexcitability [49,74,98].

8. Differential diagnosis and diagnostic algorithm

Initially, clinicians should be able to detect the presence of hyper-/
hypokinetic movement disorders in their patients, to describe their
phenomenology (isolated or combined tremor, myoclonus, ataxia,
dystonia, parkinsonism, etc.), and then to verify their acute/sub-acute
modality of onset. When dealing with complex conditions, it could be
helpful to involve also a consultant neurologist expert in movement
disorders. Ideally, it should be taken into account that PMDs only rarely
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Movement disorder (acute/sub-acute); Normal CSF/MRI; Exclusion of other causes
(toxic, infectious, etc.)

‘Classic’ paraneoplastic

Paraneoplastic autoimmune encephalitides
and other conditions associated with neuronal

Non-paraneoplastic autoimmune
movement disorders

syndrome and other conditions > dSS
associated with onconeural Abs surface antibodies (NSA Abs) . .
(OMS, PCD, etc.) -Antlphos.phol|p|d-re|ated
neurological syndromes
*Basal ganglia encephalitis
(children)
*Post-infective (children)
*SREAT
Search for Tumor NSA Abs NSA Abs . Consider
onconeural Abs imaging Positive Negative immunotherapy
| | (Anti-NMDA-R) (Anti-NMDA-R)
[
Consider immunotherapy l + Search for -

Tumor imaging «— other NSA Abs,

!

Consider
immunotherapy

+ Tumor association

Anti-GAD Abs

Fig. 1. Flow-chart of the diagnostic-therapeutic algorithm proposed for paraneoplastic movement disorders (PMDs).

Once secondary causes have been ruled out, clinicians should consider, according to the clinical presentation: ‘classic’ paraneoplastic syndromes and other conditions
associated with onconeural antibodies, autoimmune encephalitides and other conditions associated with neuronal surface antibodies, and finally other immune
disorders. The goal is the diagnosis and treatment of the underlying tumor when possible, and immunotherapy when necessary. Contemporarily, the examination of
possible tumor-associated antibodies is helpful to achieve a correct diagnosis and a possible prognosis. As shown in the lower part of the figure (Grey triangle), the
likelihood for a tumor to be the underlying cause of the movement disorder is higher for conditions associated with onconeural antibodies compared to conditions
associated with neuronal surface antibodies. CSF, cerebrospinal fluid; MRI, magnetic resonance imaging; Abs, antibodies; OMS, opsoclonus-myoclonus ataxia syn-
drome; PCD, paraneoplastic cerebellar degeneration; NSA, neuronal surface; NMDA-R, N-methyl-p-aspartate receptor; GAD, glutamic acid decarboxylase; SREAT,

steroid responsive encephalopathy associated with autoimmune thyroiditis.

present as isolated conditions, whereas they are typically seen in the
context of a more generalized disorder (e.g., encephalitis, other neu-
rological and psychiatric symptoms, etc.) and/or with associated
warning signs such as rapid progression, constitutional symptoms, or a
systemic neoplasm. In this case, it is necessary to proceed with a
thorough examination, which implies neuroimaging and CSF analysis.
In case of negative neuroimaging results (except for limbic encephalitis
in which bilateral T2/FLAIR hyperintensity in medial temporal lobes is
a common feature), or aspecific CSF inflammatory pattern (e.g., lym-
phocytic pleocytosis, increased protein concentration, elevated IgG
index, and oligoclonal bands), it is important to rule out common
causes of other secondary movement disorders (e.g., infections, tumor,
stroke, drug-induced, metabolic, endocrinological conditions, etc.), and
then to consider a possible immune-mediated etiopathogenesis (Fig. 1).
Hence, three different scenarios are possible: (a) PMDs associated with
onconeural antibodies (‘Classic’ PMDs, and other conditions); (b) PMDs
associated with NSA antibodies (paraneoplastic autoimmune en-
cephalitides and other conditions); or (c) other non-paraneoplastic
autoimmune movement disorders. About 80% of patients with PNS
have positive diagnostic screenings for cancer upon initial assessment.
Tumors might be identified with computerized tomography (CT) ima-
ging (chest, abdomen, brain), fluorodeoxyglucose (FDG)- positron
emission tomography (PET), or both [99-101]. In some specific con-
ditions such as microscopic intratubular germ cell testicular neoplasms,
imaging could be negative and tumors are only revealed by bioptic
exams [41]. The search for paraneoplastic antibodies (onconeural and
NSA antibodies) might be time-consuming and highly expensive,

especially considering that many cases do not reach a definite diag-
nostic confirmation. Due to overlapping syndromes, in some cases, the
search for onconeural anti- bodies (in the common clinical practice,
anti-Hu/ANNA-1, Anti-Ri/ANNA-2, and anti-Yo antibodies on serum
samples) can be combined with the search for NSA antibodies (for in-
stance, anti-NMDA-R antibodies, possibly followed by other classes of
NSA antibodies both on serum and CSF samples) [102]. To help resolve
some of these issues, specific diagnostic criteria have been proposed
[6]. However, when dealing with symptoms typically associated with
‘classic’ PMDs syndromes, it is important to intensify tumor and anti-
body screening, given their high association with underlying tumors. In
general, if primary screening is negative, it is recommended to repeat
screening after 3-6 months and then subsequently every 6 months for
up to 4-5years [100], although some differences exist. For example, a
patient with anti-Hu/ANNA-1 antibodies should be tested every
3-6 months for 3years, whereas a patient with anti-LGI1 antibodies
requires only a one-time screening (given that it rarely associates with
neoplastic conditions). Together with systemic or surgical tumor
treatment, immunotherapy should be considered to improve neurolo-
gical symptoms. Among PMDs associated with NSA antibodies, anti-
NMDA-R encephalitis is the most common and should be tested first. In
case of positive results, it is recommended to screen for the underlying
tumors; in case of negative testing, it is suggested to test for other re-
lated antibodies (e.g., anti-LGI1, anti-CASPR-2, etc.) according to the
specific clinical presentation (Table 2). In general, serological testing is
recommended to optimally test for some antibodies, including but not
limited to anti-LGI1, anti-CASPR-2, and anti-GAD antibodies, whereas
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Non-paraneoplastic immune-mediated conditions and related clinical-serological features.

Syndrome

Movement disorders and main clinical features

Antibody

Antiphospholipid syndrome Chorea (Most frequent)
Basal ganglia encephalitis (childhood)
Steroid responsive encephalopathy associated

with autoimmune thyroiditis (SREAT)
Post-infectious (childhood)

Ataxia, myoclonus, encephalitis

infection)

Miscellaneous
bulbar symptoms

Atypical Miller-Fisher syndrome (Ataxia, areflexia,
ophthalmoplegia, psychosis and involuntary

movements)
Cerebellar ataxia

Parkinsonism, dystonia, chorea and psychiatric features

Ataxia, choreoathetosis (Post-viral encephalitis)
Sydenham's chorea (Post group A streptococcal

Parkinsonism, ataxia, chorea, sleep disorders and

Anti-cardiolipin; lupus anticoagulant; anti-b2-glycoprotein
[104-106].

Anti-dopamine D2 receptor [107].

Anti-TPO; anti-TG [108,109].

Anti-GABAR; anti-NMDAR [110,111].

Anti-GM1 [112]; anti-tubulin [112]; anti-neuronal glycolytic
enzymes [113]; anti-dopamine D1 receptor and anti-dopamine D2
receptor [107,114].

Anti-IgLONS [83,115,116].

Anti-GQ1b; anti-GT1a; anti-GluRe2 and anti-glutamate NR2B- and
NR2A-containing heteromers of NMDAR [117].

Anti-Homer-3 [118,119]; anti- AP3B2/Nb [120]; anti-GAD [48].

some others are primarily found in CSF (e.g., anti-glycine receptor or
anti-NMDA-R antibodies) [49,96,103]. Even before obtaining the re-
sults of the antibody assay, early immunotherapy is strongly suggested,
and whenever this therapeutic approach fails, a second line im-
munotherapy could be considered. Finally, in the differential diagnosis,
other autoimmune movement disorders, namely antipho-
spholipid-related neurological syndromes, post-infective chorea (e.g.,
Sydenham's chorea and basal ganglia encephalitis in children), and then
miscellaneous other autoimmune and infective conditions (mycoplasma
pneumoniae, varicella zoster virus, Epstein-Barr virus, enterovirus)
should be taken into account (Table 4).

9. Therapeutic perspectives

The first step in PMDs therapy is the oncological treatment of the
underlying tumor, when diagnosed, and the administration of drugs
acting on the immune system, when necessary. Patients with testicular
germ-cell tumors and anti-Ma2 encephalitis, for example, usually ben-
efit from orchiectomy followed by steroid therapy, with an average of
~35% of cases responsive to treatment [63]. Paraneoplastic choreas, on
the other hand, tend to have a bad prognosis (except for paraneoplastic
choreas associated with LGI1 and CASPR2 antibodies) [121]. Drugs
acting on the immune system consist of first and second line treatments.
As first line treatments, intravenous (i.v.) steroids (Methylprednisolone
1g i.v. for 2-5days followed by gradual tapering; monthly adminis-
trations might be required), i.v. high-dose immunoglobulins (0.4 g/Kg/
day for 2-5days; monthly administrations might be required), and
plasma-exchange (variable volumes might be exchanged) should be
considered [122]. As second line treatments, different im-
munosuppressive agents can be employed, namely Azathioprine
(2-3mg/Kg/day; it might be used chronically) and Cyclosporine
(7-14 mg/Kg/day for 1-2 weeks, followed by gradual tapering). Last
but not least, Rituximab (a monoclonal antibody that targets the CD20
receptor on the surface of B cells) (375 mg/m2 in acute i. v. adminis-
tration, followed by subcutaneous weekly administrations) and Cyclo-
phosphamide (an alkylating agent that cross-links DNA) (750 mg/m? i.
v.; monthly administrations might be required) have occasionally been
used as off-label second line treatments. In any case, a multidisciplinary
approach involving both neurologist and oncologist is strongly re-
commended. In fact, several PMDs, in particular those associated with
NSA antibodies, tend to relapse after the first line treatments, thus re-
quiring an intensive oncological follow-up and a neurological evalua-
tion at the recurrence for possible second-line treatments (officially
approved or off-label) [102]. In general, onconeural antibodies are
strongly associated with an underlying tumor compared to NSA anti-
bodies, being predictors of scarce response to immunotherapy [49].
Finally, symptomatic therapy varies according to the different
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underlying neurological symptoms. For example, paraneoplastic-dys-
tonias benefit from botulinum toxin injections into affected muscles,
according to standardized dosages [49], whereas paraneoplastic chorea
can be treated with dopamine depletory agents (but caution should be
used with these agents, to avoid tardive dyskinesia) [121]. Muscle re-
laxants such as benzodiazepines or Baclofen, along with Gabapentin,
may help in the treatment of stiffness.

10. Conclusions

To summarize, with the present review we have provided an up-
dated revision of the PMDs, including clinical features, associated an-
tibodies, and underlying tumors commonly reported for each move-
ment disorder. We strongly believe that clinicians should be aware of
these rare but life-threatening conditions and be able to correctly di-
agnose and manage them. When dealing with a suspect PMD, clinicians
should rapidly start a diagnostic-therapeutic work-up based on imaging
and antibodies testing, promptly proposing immunotherapies when
necessary.

Future perspectives imply a) broader diffusion of validated kits for
the detection of the pathogenic antibodies, b) regional/national net-
works connecting unserved laboratories to the expertise of highly
qualified centers, and c) enrollment of patients in clinical trials to test
new possibly disease-modifying drugs. Ultimately, earlier detection of
such conditions is crucial for the therapeutic success, drastically in-
creasing the patient's chance of retaining the best quality of life pos-
sible. In conclusion, PMDs represent easily perceivable symptoms for
the clinician during the patient evaluation. If we are aware of these rare
disorders, the recognition will be beneficial both for the patient out-
come and for our understanding of the molecular and immunological
characteristics of this condition.
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