Review Article on Small Cell Lung Cancer

Paraneoplastic syndromes in small cell lung cancer
Zaid Soomro1, Michael Youssef1, Shlomit Yust-Katz2, Ali Jalali3, Akash J. Patel3, Jacob Mandel4
1

University of Texas MD Anderson Cancer Center, Houston, TX, USA; 2Rabin Medical Center, Petach Tikva, Israel; 3Department of Neurosurgery,

4

Department of Neurology, Baylor College of Medicine, Houston, TX, USA

Contributions: (I) Conception and design: None; (II) Administrative support: None; (III) Provision of study materials or patients: None; (IV)
Collection and assembly of data: Z Soomro, M Youssef; (V) Data analysis and interpretation: None; (VI) Manuscript writing: All authors; (VII) Final
approval of manuscript: All authors.
Correspondence to: Jacob Mandel, MD. Department of Neurology, Baylor College of Medicine, 7200 Cambridge St, Suite 9A, Houston, TX 77030,
USA. Email: Jacob.mandel@bcm.edu.

Abstract: Paraneoplastic syndromes can commonly occur due to lung cancer, especially small cell lung
cancer. Frequently paraneoplastic syndromes can precede the diagnosis of the neoplasm or present with
limited stage disease. However, these syndromes can also occur at the time of recurrence or metastasis of
disease. This review focuses on the epidemiology, pathogenesis, clinical features, and current management
of the most common paraneoplastic syndromes encountered in patients with small cell lung cancer.
Manifestations of paraneoplastic syndromes in small cell lung cancer include endocrine syndromes with
secretion of excess hormones, and neurologic syndromes due to the production of antibodies causing an
autoimmune condition. Recent advances have allowed for greater understanding of these syndromes and for
the development of improved diagnostic as well as therapeutic tools. Awareness of paraneoplastic syndromes
in small cell lung cancer can lead to an earlier diagnosis and recognition of both the condition and in some
cases the disease potentially improving the overall survival and prognosis for patients. Further research
examining effective methods to improve recovery from neurologic deficits in patients with a paraneoplastic
neurologic illness is warranted.
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Introduction
The term paraneoplastic syndrome was first used in the
literature in 1940 to describe the poorly understood
phenomena in which patients were observed to experience a
series of similar signs and symptoms in association with the
presence of certain cancers (1). With the progress of basic
science research and advances made in clinical medicine,
we now have a more sophisticated understanding of what
causes paraneoplastic syndromes, the many ways in which
they can present clinically, how to categorize them, their
associations with different pathologies and effective strategies
to diagnose and manage them. A notable example of this
process of discovery and advances in the understanding of
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paraneoplastic syndromes is the detection of the first antibody
that targeted neuronal tissue that could be used clinically to
diagnose paraneoplastic syndromes (2). In 1985, the anti-Hu
antibody was discovered, correlating the clinical findings to
an autoimmune etiology with the patients underlying cancer
diagnosis. This finding allowed for the development of a new
category of disease to clinically define certain neurological
complications that present in cancer patients that are not
able to be attributed to the primary tumor, metastases,
metabolic, infectious, and vascular or treatment-related
causes. After discovery of the anti-Hu antibody, the presence
of several other antibodies in the serum and cerebrospinal
fluid have been identified and associated with different
paraneoplastic syndromes. In many cases, the association of
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the paraneoplastic syndrome and specific malignancies have
now also been established (2,3). Since many paraneoplastic
syndromes are known to manifest clinically, before signs and
symptoms of the primary malignancy, this has provided a
clinical opportunity to potentially enable an early diagnosis
of cancer in many patients (4).
Paraneoplastic syndromes are now understood to be a
heterogeneous group of clinical syndromes characterized by a
recognizable constellation of signs and symptoms in a patient
that occurs in association with neoplastic disease processes.
It is essential to distinguish that these clinical findings found
in paraneoplastic syndromes are caused by primary tumors
from a distant site and do not involve the primary tumor
causing tissue damage through direct invasion, compression,
or metastases (5,6). Generally, the pathophysiology that
causes the paraneoplastic syndromes involves the ectopic
production of biologically active hormones or peptides by
the primary tumor, or alternatively by immune-mediated
processes, including antibody and cell-mediated mechanisms.
Cross-reactivity between tumor antigens and normal host
tissue is responsible for the disease processes seen commonly
in paraneoplastic syndromes that produce damage by
tissue-specific biologically active hormones or peptides (2).
Paraneoplastic syndromes can be categorized according
to the systems in which they provide the disease process
(endocrine, neurologic, dermatologic, rheumatologic,
immunologic, hematologic, and nonspecific).
An estimated 1–7.4% of patients with cancer will develop
a paraneoplastic syndrome (7). The most common disease
associated with paraneoplastic syndromes is lung cancer, with
small cell lung cancer (SCLC) the most frequent subtype (7).
Lung cancers are a leading global cause of morbidity and
mortality accounting for an estimated 23.5% of all cancer
deaths in the United States in 2019 (8). Paraneoplastic
syndromes in patients with lung cancers typically
involve the endocrine, neurologic, dermatologic, and
rheumatologic functions (2). Less common manifestations
include paraneoplastic hematologic syndromes (including
coagulopathy), paraneoplastic ophthalmologic syndromes,
and paraneoplastic glomerulopathy. Paraneoplastic
syndromes that present in association with lung cancer can
also be specific to the histology of lung cancer. An example
of this phenomenon is that the squamous cell histological
subtype of lung cancer is found in association with the
paraneoplastic endocrine syndrome of hypercalcemia,
mostly caused by the protein parathyroid hormone-related
peptide (PTHrP). Similarly, SCLC is found in association
with the paraneoplastic endocrine syndrome of syndrome
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of inappropriate antidiuretic hormone (SIADH), which is
caused by the excessive ectopic production of antidiuretic
hormone (ADH) (9-11).
SCLC is diagnosed in approximately 30,000 people each
year and compromises an estimated 14% of all lung cancer
cases diagnosed in the United States. Compared to the
different types of lung cancers, SCLC is noteworthy due to
its rapid rate of cellular proliferation, short doubling time,
and propensity to metastasize early in the natural history
of the disease. Most patients present in the advanced stages
of the disease, and an estimated 90% of patients will have
metastatic disease at the time of diagnosis (11). SCLC is a
unique histologic subtype of lung cancer characterized by
cells that have a neuroendocrine differentiation. Cells of
a neuroendocrine origin often produce biologically active
substances. The histologic nature of these malignant cells plays
a role in producing paraneoplastic syndromes and the most
common paraneoplastic phenomena in SCLC are SIADH and
Lambert-Eaton myasthenic syndrome (LEMS) (7).
Challenges of diagnosing SCLC and
opportunities of paraneoplastic neurologic
syndromes for early diagnosis
An understanding of the paraneoplastic syndromes found in
association with different cancers can provide an opportunity
for early diagnosis and intervention. The challenge with this
paradigm exists because patients can present with a wide
range of clinical presentations. The signs and symptoms
manifested by paraneoplastic syndromes can often seem
to be unrelated to the symptoms commonly observed in
patients with SCLC, such as hemoptysis and dyspnea (12,13).
Additional challenges are present in using paraneoplastic
syndromes to raise suspicion for and establish diagnosis for
a primary malignancy because paraneoplastic syndromes can
present in association with more than one type of underlying
malignancy and with varying frequencies (13-15). Specific
paraneoplastic syndromes can exist both as a unique primary
disease entity and as paraneoplastic syndrome secondary to a
malignant disease process. These seemingly related diseases
are clinically similar but have different etiologies and exist as
their unique disease entities. An example of this phenomenon
is that of Cushing’s disease and Cushing’s syndrome (16,17).
It is essential to understand why SCLC is often diagnosed
when the disease has reached an advanced stage. The delay
in time between when the disease initiates in the lungs to
when the symptoms first appear and SCLC is first diagnosed,
is caused by the central anatomic location of the lungs in
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Table 1 Paraneoplastic neuroendocrine syndromes
Syndrome

Presentation

Lab findings

Treatment options

SIADH

Falls, headache, nausea, fatigue,
muscle cramps, seizures, lethargy,
tremors, depressed mood

Hyponatremia

Fluid restriction <1,000 mL/day with
adequate protein and sodium intake

Increased urine osmolality

Demeclocycline, conivaptan, Tolvaptan
Hypertonic saline

Cushing Syndrome

Muscle weakness, peripheral edema,
hypertension, weight gain

Hypokalemia, elevated
ACTH not suppressed with
dexamethasone

Ketoconazole, octreotide, metyrapone,
mitotane, etomidate, mifepristone

SIADH, syndrome of inappropriate antidiuretic hormone; ACTH, adrenocorticotropic hormone.

the thoracic cavity. By the time SCLC is diagnosed, patients
are in the advanced stages (Stages 3 and 4) of disease.
Unfortunately, these patients have low rates of survival and
face a very poor prognosis even with treatment. The presence
and early identification of paraneoplastic syndromes can
be beneficial in this context. A survival advantage has been
demonstrated for patients that are diagnosed early at Stage 1a
and received surgical resection (18). Patients with SCLC with
paraneoplastic syndromes can present at an early stage of the
disease (19), and offer an opportunity for the early diagnosis
and early intervention leading to improved survival outcomes
for patients with SCLC.
This review will provide an essential overview of the
paraneoplastic syndromes that are most often associated
with SCLC. Specifically, we will focus on discussing the
most common types of paraneoplastic endocrine syndromes
and paraneoplastic neurologic syndromes observed in
SCLC patients. The literature that was reviewed to
prepare this article was searched on PubMed and Google
Scholar in February 2020. The search terms used to
conduct the literature search were “Paraneoplastic” and
“Small Cell Lung Cancer”, with the use of the Boolean,
“AND” when searching the Medline database of literature
through PubMed. We also used the “Best Match” feature
in PubMed. The most relevant articles on our topic were
selected for review The criterion used to choose most of the
articles included in no specific order of priority; relevance
to subject matter, number of times the article was cited,
impact factor and journals that were published by major
professional and academic medical societies.
Paraneoplastic neuroendocrine syndromes
SCLC is composed of neuroendocrine cells and a
characteristic of these cell types is their propensity to
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produce biologically active substances (12). SCLC is often
responsible for the production of ectopic hormones that the
body typically produces as part of its normal physiology.
This can manifest in several different clinical syndromes,
including SIADH, ectopic Cushing’s syndrome, humoral
hypercalcemia of malignancy, and acromegaly (13). Here
we will discuss the two most common neuroendocrine
paraneoplastic syndromes related to SCLC, SIADH and
ectopic Cushing’s syndrome. Table 1 describes basic features
of SIADH and ectopic Cushing’s syndrome.
Syndrome of inappropriate antidiuretic hormone
SIADH is the most common paraneoplastic endocrine
syndrome associated with SCLC. It is defined as a
hyponatremia associated with increased renal water
retention, with plasma sodium level less than 134 mmol/L,
plasma osmolality less than 275 mOsm/L, urine sodium
level more than 20 mmol/L, urine osmolality greater
than the plasma osmolality, absences of edema or volume
depletion, and normal renal and adrenal function (15).
SIADH in relation to SCLC was first reported in the
literature in 1957 and described in two lung cancer patients
with hyponatremia and excess renal sodium (14). Further
work in 1968 discovered the role of ADH in SIADH (17).
10–45% of patients with SCLC will develop SIADH at
some point during their illness with production of ADH
in an unregulated manner leading to hyponatremia, hypoosmolality, increased urine sodium excretion, and a high
urine osmolality relative to the tonicity of the plasma
(10,11,16,20). As ADH is secreted in excess, there is
persistent action at V2 receptors in renal tubules, which
results in increased expression of aquaporins and causes
water retention by reabsorption. The clinical diagnosis
of SIADH depends on the assessment of the patient’s
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intravascular volume status as well as laboratory findings
that support this diagnosis.
Management of SIADH secondary to a paraneoplastic
syndrome involves treatment of the underlying tumor
through surgical resection, chemotherapy, radiation,
or a combination of the above (20). SIADH-induced
hyponatremia can require free water restriction to one
liter or less per day for asymptomatic mild hyponatremia
or with the administration of hypertonic 3% saline in
life-threatening or symptomatic hyponatremia (13).
Other treatments for hyponatremia include the antibiotic
demeclocycline and the vasopressin receptor antagonists,
which must be used with caution to avoid over-correction
of hyponatremia. It is also advised that patients obtain an
adequate intake of dietary sodium and protein to maintain
a euvolemic, eunatremic status (21). The rate of correction
must also be considered, as to prevent neurologic deficit
such as osmotic demyelination. In patients with acute onset
hyponatremia, correction of 1–2 mmol/L/h is safe and
adequate. In patients with chronic hyponatremia, the rate
of correction should be 0.5–1 mmol/L/h without exceeding
10–12 mEq in the first twenty-four hours (22-24).
Ectopic Cushing’s syndrome (ECS)
The second most common paraneoplastic syndrome
occurring with SCLC is ECS, occurring in 1–5% of cases
(25,26). Fifty percent of the cases of ectopic Cushing’s
syndrome are related to lung tumors with 8–20%
associated with SCLC (27). When ECS is associated
with SCLC, there is a poorer prognosis because of
advanced stage, inadequate response to therapy, and
increased complications related to their diseases, such
as infection and venous thrombosis. Patients with
Cushing’s syndrome typically present with weight gain;
however, 10% of patients with ECS related to SCLC
presented with weight loss (27). Other clinical features
can resemble Cushing’s syndrome, including moon
facies, acne, purple striae, proximal muscle weakness,
peripheral edema, hypertension, and metabolic alkalosis
with hypokalemia, the latter of which is detected in
the majority of patients with Cushing’s syndrome.
This condition was first described in the literature in
1928 and further reports in the modern era remained
consistent that this disease entity differed from Cushing’s
syndrome in that it did not elicit the classic signs of
Cushing’s syndrome (9,28). It was also found that ECS
could develop during effective chemotherapy for SCLC
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(29). Diagnosis of ECS consists of complete imaging
evaluation with contrast-enhanced CT scan of the
chest, abdomen, and pelvis, plasma adrenocorticotropic
hormone (ACTH) concentration greater than 15 pg/
mL, non-suppressed morning cortisol level after highdose dexamethasone suppression test, elevated 24-hour
urine-free cortisol level, and sampling of tissue, if found
on CT scan. Several studies have suggested that systemic
chemotherapy achieves more prolonged survival (30-33).
Other medications, including etomidate, mitotane,
ketoconazole, metyrapone, and mifepristone are used
to reduce circulating glucocorticoids (34). Of these
medications, ketoconazole was the first accepted treatment
in 1985 due to patient tolerance even though there are
moderate toxicities, given its status as a cytochrome P450
inhibitor (35). In severe cases, these medications are
used in combination to reduce the amount of circulating
cortisol. Systemic chemotherapy, however, remains
the backbone of treatment. Patients with ECS have an
increased susceptibility for venous thromboembolism
(VTE) and opportunistic infection after treatment due to
chemotherapy exposure (36-38). ECS patients with VTE
have been shown to have elevated levels of coagulation
factors II, V, VIII, IX, XI, and XII resulting in a net
increased risk of 2% of thrombosis in patients who do
not undergo surgery, and 4% increased risk in those who
do undergo surgery (39,40). Overall, lowering a patient’s
cortisol level prior to curative treatment was found to
reduce a patient’s morbidity and mortality associated with
Cushing’s syndrome.
Paraneoplastic neurologic syndromes (PNS)
PNS are a heterogeneous group of neurological disorders
caused by indirect and remote effects of the primary tumors.
They are a relatively rare group of diseases found in less
than 1% of all patients diagnosed with cancer. SCLC is the
most common diagnosis associated with PNS. An estimated
3–5% of cases of SCLC will have comorbid PNS. The
disease processes that produce the PNS can occur at one or
more sites in the nervous system, ranging from the central
nervous system, peripheral nervous system, neuromuscular
junction, and muscle. The PNS are typically characterized
clinically as having a subacute, progressive disease course.
A diagnostic criterion has been used to classify the
different types of PNS presentations as “Definite PNS”
and “Possible PNS” (41). Patients will often present with
neurological complaints first rather than classical symptoms
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Table 2 Neurologic paraneoplastic syndromes associated with small cell lung cancer
Antibody

Cellular location

Conditions found

Diagnostic value

Titer predictive?

Anti-Hu

Intracellular

Cerebellar degeneration, opsoclonus-myoclonus-ataxia,
peripheral nerve palsy, limbic encephalitis

Yes

No

Anti-Yo

Intracellular

Cerebellar degeneration

Yes

No

P/Q channels

Presynaptic
neuromuscular junction

Lambert Eaton syndrome

Yes

No

Anti-Ri

Intracellular

Opsoclonus-Myoclonus-Ataxia

Yes

No

of SCLC. Recognition of PNS in patients should raise
possibility of an underlying malignancy. It is important to
remember that clinical syndromes similar to paraneoplastic
syndromes are not always secondary to a neoplastic
disease process. Limbic encephalitis and subacute sensory
neuropathy is caused by a non-neoplastic disease process
in 70% of cases (42). A diagnosis of PNS requires ruling
out the non-neoplastic pathologies, and this warrants an
extensive diagnostic workup to detect the malignant disease.
This workup can include testing for different antibodies,
performing imaging studies, neurophysiological tests
such as electroencephalography, electromyography, nerve
conduction studies and cerebrospinal fluid analysis (43),
The mechanisms for the development of these
paraneoplastic syndromes are not well understood, but they
are known to be caused by an autoimmune-mediated disease
process (44). These antibodies, often known as “onconeural
antibodies” are frequently detected in the serum and
cerebrospinal fluid and are characteristic of PNS (45). The
immunologic phenomenon of cross-reactivity is involved in
the activity of the onconeural antibodies. These antibodies
are formed in response to tumor antigens that can be located
on either the surface of neuronal tissue or intracellular
neuronal antigens. The formation of antibodies specific to
intracellular neuronal antigens is thought to involve cellmediated immune mechanisms.
Onconeural antibodies bind to antigens on normal
host neuronal tissues that share epitopes with the tumor
antigens. Onconeural antibodies produced in PNS patients
can be directed towards surface antigens or intracellular
neuronal antigens. Onconeural antigen-specific T-cells are
also thought to be involved in the pathogenesis of PNS (18).
These autoimmune mechanisms lead to damage in neuronal
tissue in the CNS. The specific constellation of each
PNS depends on the site, extent, and duration of disease
involvement (46).
As mentioned previously, PNS is often found in
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association with SCLC and can cause severe disability
in patients. The most common PNS found in patients
with SCLC is LEMS. It is estimated to be present in
about 1–3% of patients with SCLC (47). A single region
prospective study conducted in the United Kingdom on
264 patients with biopsy-proven SCLC had estimated the
disease frequency of PNS much higher than expected at
9.4% suggesting that PNS could be underdiagnosed in
patients with SCLC. According to the results of the same
study, the most frequent type of PNS diagnosed in patients
with SCLC was LEMS (3.8%), sensory neuropathy (1.9%)
and limbic encephalitis (1.9%) (44). As discussed prior, it
is essential to be aware of these common paraneoplastic
syndromes because their presence can raise suspicion of an
underlying cancer (42).
Early cancer and immunosuppressive treatments in PNS
are recommended to get rid of the antigen source and lower
the immune response. These therapeutics can be of potential
benefit if started promptly in patients, however the chance of
responding varies depending on the paraneoplastic syndrome.
Syndromes with antibodies against the neuronal cell surface
or synaptic proteins that are antibody facilitated tend to
respond better than paraneoplastic disorders with antibodies
against intracellular antigens (classical paraneoplastic or
onconeural antibodies) that are thought to act via a cytotoxic
T cell mediated process. Table 2 describes the most common
antibodies involved in PNS, conditions where the antibodies
are found, and the predictive nature of the titers when tested.
Lambert-Eaton myasthenic syndrome (LEMS)
LEMS is the most diagnosed PNS associated with SCLC.
Patients diagnosed with LEMS present with progressively
worsening lower extremity weakness, diminished or
absent deep tendon reflexes and constitutional symptoms,
most often fatigue that characteristically improves with
facilitation. Cranial nerve involvement can rarely occur

J Thorac Dis 2020;12(10):6253-6263 | http://dx.doi.org/10.21037/jtd.2020.03.88

6258

Soomro et al. Paraneoplastic syndromes in SCLC

and typically presents as blurred vision, diplopia, and
ptosis. Autonomic nervous system involvement can lead to
symptoms of dry mouth and constipation. Severe cases of
LEMS can also have a respiratory weakness (48). LEMS is
diagnosed based on the clinical presentation of the patient,
electrophysiologic findings including decreased compound
muscle action potential, decremental repetitive nerve
stimulation at low frequency with increment >100% at
maximum voluntary contraction or high frequency (49).
LEMS is caused by onconeural antibodies that bind to (P/
Q) type voltage-gated calcium channels. These antibodies are
typically found on the surface of presynaptic nerve terminals
at the neuromuscular junction and the primary tumor (50).
The pathophysiology of LEMS involves the binding of these
antibodies to (P/Q) type voltage-gated calcium channels.
Typically, these channels release calcium in the presynaptic
nerve terminal of the neuromuscular junction in response to
an action potential. The release of calcium causes the vesicle
containing the neurotransmitter acetylcholine to release
its contents from the presynaptic nerve terminal into the
synaptic cleft. The onconeural antibodies associated with
LEMS bind to the (P/Q) type voltage-gated calcium channels
on the presynaptic nerve terminals and disrupt the normal
function of the neuromuscular junction, and titer levels can
be measured, however they are not predictive of level of
disability or response to therapy (48). The motor weakness
of LEMS can be improved with 3,4-diaminopyridine,
cholinesterase inhibitors, and immunosuppressive therapy
including glucocorticoids, intravenous immunoglobulin
(IVIG), and plasma exchange, however guidelines for
using IVIG and plasma exchange have yet to be proposed.
Additionally, chemotherapy targeting the underlying
malignancy is likely to ameliorate the clinical course of
paraneoplastic LEMS (51).
Myasthenia gravis
Myasthenia gravis is a PNS that is found in association with
SCLC and thymoma in approximately 15% of patients. The
disease process is characterized and caused by the presence
of the onconeural antibodies, anti-acetylcholine antibodies
(anti-Ach) that act at the level of the neuromuscular
junction. These antibodies bind to acetylcholine receptors
(anti-AchR) located on the postsynaptic nerve terminals
in the neuromuscular junction (4). This process leads to
the competitive inhibition of the receptors and prevents
the molecules of acetylcholine from binding. This leads
to the disruption of action potential propagation in the
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postsynaptic nerve terminals leading to impaired muscle
contraction.
Clinically it presents as patients that will complain
of fatigue and muscle weakness involving voluntary
and involuntary muscle groups. The muscle weakness
becomes worse through the course of the day and with
repeated activity. This weakness is especially pronounced
in the proximal muscles of the limbs. Ocular and bulbar
involvement can also present more commonly than with
LEMS. Involvement of the diaphragmatic muscles is
present in severe cases of myasthenia gravis (4).
Electromyography can be used to establish a definitive
diagnosis of myasthenia gravis. If the disease is present,
there will be a decremental response to repetitive nerve
stimulation (4).
Symptomatic treatment for myasthenia gravis can be
provided with the use of acetylcholinesterase inhibitors such
as pyridostigmine, the inhibition of acetylcholinesterase,
an enzyme that prevents the degradation of acetylcholine.
This results in increased levels of acetylcholine, available
to overcome the competitive blockade caused by the antiAch antibodies. Titer levels to the binding, blocking, and
modulating acetylcholine receptor antibodies are measured
for diagnosis and titers can be obtained, however the
levels are not indicative of level of disability or response
to therapy. Immunosuppressive therapies are also used
to inhibit the underlying disease process and prevent the
production of the antibodies. Thymectomy can be offered
to patients that have myasthenia gravis with comorbid
thymoma (4).
Limbic encephalitis (LE)
LE is a PNS that is one specific entity of a more generalized
disease process called paraneoplastic encephalomyelitis. The
different disease entities in paraneoplastic encephalomyelitis
share a common pathological process causing the PNS
but are different in the site of disease involvement. They
are characterized by site-specific inflammation and
neuronal loss (46). There is a strong association between
paraneoplastic encephalomyelitis and SCLC. In patients
with paraneoplastic encephalomyelitis there is a 75% chance
that the underlying malignancy is SCLC. It is estimated
that 40–50% of patients with LE have SCLC and 20–30%
of patients have a testicular malignancy (52).
LE presents as an acute or subacute clinical syndrome.
Patients with LE present with neuropsychiatric symptoms,
anterograde amnesia, mood changes, hallucinations
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and seizures. Patients with LE have detectable levels of
multiple onconeural antibodies, including anti-Hu, antiMa2 and anti-CRMP5 (52). The most common are antiHu antibodies. The type of antibodies detected in LE
can indicate the type of underlying malignancy. AntiHu antibodies are typically associated with the presence
of SCLC and anti-Ma2 antibodies are associated with
testicular cancer. The diagnostic workup of LE involves
electroencephalograms, FDG-PET, and MRI. If the LE
disease process is established then these diagnostic tests all
indicate the presence of specific findings that localize the
pathological process localized to the temporal lobes (53).
The onconeural antibodies are usually present at detectable
levels in the serum. In instances when LE is suspected and
there are no detectable antibodies in the serum, there is
evidence of detecting antibodies in the cerebrospinal fluid
to establish the diagnosis. Titers of the anti-Hu antibody
can be obtained for diagnosis, but levels do not predict
response to therapy or degree of disability. Since LE is
caused by tissue damage due to onconeural antibodies, the
treatments for patients are aimed at immunosuppression
and immunomodulation (4). Unlike many other PNS, LE
is often associated with a favorable response to therapy
following surgical removal of the underlying neoplasm
accompanied by chemotherapy or immunosuppressive
therapy (54,55).
Subacute sensory neuropathy (SSN)
SSN is a PNS that involves the peripheral nervous system at
the level of dorsal root ganglia. Damage to sensory nerves
is caused by cell-mediated mechanisms (56). The presence
of anti-Hu antibodies is a very strong indication of the
presence of an SSN (47). Patients with SSN have a subacute
disease course that typically develops over weeks to months.
They commonly present with an asymmetric distribution
of paresthesias involving all limbs. There is preferential
involvement of upper limbs prior to the symptoms
emerging in the lower limbs. These paresthesias can be
described as painful by patients and are associated with the
loss of all sensory modalities. Notably, deep tendon reflexes
may remain preserved.
SSN is diagnosed by performing nerve conduction
studies. These studies will show a marked difference in
the pattern of reduced or absent action potentials in the
sensory nerve and preserved motor conduction velocities.
Cerebrospinal fluid findings can be used to help differentiate
between paraneoplastic SSN and non-neoplastic SSN.
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Paraneoplastic SSN will typically have the presence of
oligoclonal bands, increased protein concentration and
pleocytosis in the cerebrospinal fluid (23). Treatment with
immunomodulation and immunosuppressant is usually
ineffective and early diagnosis and treatment of the
underlying neoplasm is the mainstay of therapy (4).
Cerebellar degeneration
Cerebellar degeneration associated with neoplasia, referred
to as paraneoplastic cerebellar degeneration, was first
described in the literature in 1965 and is characterized by
the subacute onset of cerebellar dysfunction, including gait
difficulty, limb ataxia, dysarthria, dysphagia, nystagmus,
and mental status changes (57). Pathologically, loss of
Purkinje cells and thinning of the molecular and granular
layers of the cerebellum, as well as degeneration of the
dentate nuclei, olivary nuclei, and long tracts of the spinal
cord are seen on histologic examination. Shortly after this
condition was first described, several antibodies were found
in the CSF and serum against neuronal proteins that were
expressed by the tumor in cancer patients, allowing for
further subclassification of this syndrome (2,58-60). With
this finding, the onset of cerebellar symptoms can now lead
to early diagnosis of the tumor. In regards to SCLC, the
most common antibodies present are anti-Hu and antiYo. Anti-Hu antibodies usually indicate a more widespread
disorder and sensory neuropathy but are almost always
associated with SCLC (61,62). The titers of both the antiHu and anti-Yo antibodies can be obtained, however, the
levels do not correspond with level of disability or response
to therapy. Patients with the anti-Hu antibody typically
have extensive inflammatory infiltrates in the nervous
system and neuronal degeneration not restricted to the
Purkinje cells in the cerebellum, resulting in death from
the neurological disorder (61,63-65). Thirteen percent of
patients with SCLC and encephalomyelitis present with
a subacute cerebellar syndrome that in the initial stages
cannot be differentiated from paraneoplastic cerebellar
degeneration, suggesting that the Anti-Hu antibody predicts
the development of encephalomyelitis (64).
Patients with anti-Hu paraneoplastic cerebellar
degeneration also have extracerebellar symptoms, including
increased peripheral pain, dementia, muscular weakness,
dysphagia, nystagmus, and abnormal reflexes. Frequently
seen also is diplopia without ocular paralysis, seen more
commonly in patients with anti-Yo associated paraneoplastic
cerebellar degeneration (66,67). When paraneoplastic
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cerebellar degeneration is suspected, imaging is obtained
with CT and MRI imaging to rule out other neurologic
complications of cancer, and to find other structural lesions
throughout the body. Cerebellar atrophy, when present, is
delayed and occurs months after the neurological symptoms
have stabilized (67,68).
The use of steroids, intravenous immunoglobulin, and
plasma exchange as treatments have rarely been successful
at improving the neurological outcome, as have efforts
focusing on controlling the underlying carcinoma. In the
majority of cases described, even when the underlying
SCLC was controlled, the paraneoplastic cerebellar
degeneration continued to worsen or at best remained the
same. In other underlying malignancies, however, there are
case reports of improvement with control of the tumor and
immunomodulating therapy (69-71).
Opsoclonus-myoclonus ataxia (OMA)
OMA syndrome is a paraneoplastic syndrome classically
associated in the literature with neuroblastoma in children
and SCLC in adults. It is characterized by involuntary,
rapid eye movements without intersaccadic intervals and
associated with involuntary multifocal myoclonus affecting
the limbs, head, and trunk, as well as cerebellar ataxia. It
has also been described with other malignancies, including
breast and ovarian carcinomas, as well as thyroid cancer (72).
The antibody typically found in the serum and CSF is antiRi, which is an antibody that targets the enzyme glutamic
acid decarboxylase, which is responsible for converting
glutamic acid to GABA and when focused, results in
cerebellar degeneration and ataxia (73,74). Titers of the
anti-Ri antibody can be obtained, however they are not
predictive of level of disability or response to therapy.
OMA rarely improves with immunomodulatory
agents such as steroids, plasma exchange, or intravenous
immunoglobulin (75). The symptoms are due to neuronal
damage and the destruction in non-reversible, amounting to
the ineffectiveness of the immunomodulatory treatments (76).
The best way to prevent further progression of neurologic
symptoms is by treating the underlying neoplasm (75,76).
Conclusions
SCLC is the most common subtype of lung cancer to be
associated with paraneoplastic syndromes. Paraneoplastic
syndromes in SCLC most frequently involve the endocrine
and neurologic systems. The disease process is caused by the
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ectopic production of biologically active secreted substances
and autoimmune-mediated mechanisms. The severity of
paraneoplastic disease symptoms is unrelated to the size of
the primary tumor, and they can present at any stage of the
disease. The presence of these paraneoplastic syndromes in
patients with an undiagnosed SCLC offers an opportunity
for their early diagnosis and treatment improving their
chances of survival. Symptoms in paraneoplastic endocrine
syndromes may be reversed with the removal of the
underlying tumor. However, in the case of paraneoplastic
neurological syndromes, especially in those cases of SCLC
associated with the presence of anti-Hu antibodies, removal
of the tumor often fails to result in clinical improvement.
Despite this, the earliest possible removal and treatment
of the cancer remains the mainstay of management in
these cases. As we continue to discover new onconeural
antibodies in patients with paraneoplastic syndromes,
their relationships and clinical implications with different
cancers, we will be able improve our understanding and
develop effective ways to diagnose and treat our patients.
Novel insights into the mechanism by which various
paraneoplastic syndromes develop may allow us to discover
new opportunities to develop effective targeted therapies
for symptoms of paraneoplastic syndromes.
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