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MECHANISMS OF DISEASE

Paraneoplastic Syndromes Involving
the Nervous System

Robert B. Darnell, M.D., Ph.D., and Jerome B. Posner, M.D.

HE TERM “PARANEOPLASTIC SYNDROMES” REFERS TO SYMPTOMS OR

signs resulting from damage to organs or tissues that are remote from the site of

amalignant neoplasm or its metastases. Paraneoplastic syndromes can affect
mostorgans and tissues. Widely known examples include cancer cachexia,* hypercalce-
mia,2 Cushing’s syndrome,3 and Trousseau’s syndrome.* Most of these paraneoplastic
syndromes occur because the tumor secretes substances that mimic normal hormones
or that interfere with circulating proteins. A few paraneoplastic neurologic disorders are
caused by similar mechanisms (e.g., carcinoid myopathy and encephalopathy).5 How-
ever, most or all paraneoplastic neurologic disorders are immune-mediated. (We do not
consider damage to the nervous system by cancer-induced coagulopathies or opportun-
istic infections to be paraneoplastic neurologic disorders.) The cancers causing para-
neoplastic neurologic disorders are often asymptomatic and sometimes occult; it is the
neurologic symptoms that take the patient to the doctor. The combination of an indo-
lent tumor and severe neurologic disability suggests effective antitumor immunity
coupled with autoimmune brain degeneration. This review describes paraneoplastic
neurologic disorders believed to be immune-mediated and discusses our current un-
derstanding of their mechanisms.

CLINICAL FEATURES

Paraneoplastic neurologic disorders can affect any part of the nervous system (Table 1).
Some of them affect only a single area (e.g., limbic encephalitis) or a single cell type
(e.g., the Purkinje cells of the cerebellum). In other instances, multiple levels of the nerv-
ous system are involved (e.g., encephalomyeloradiculitis).

Most symptomatic paraneoplastic syndromes are rare, affecting perhaps 0.01 per-
cent of patients with cancer. Exceptions are the Lambert—Eaton myasthenic syndrome,
which affects about 3 percent of patients with small-cell lung cancer3s; myasthenia
gravis, which affects about 15 percent of patients with thymoma3°; and demyelinating
peripheral neuropathy, which affects about 50 percent of patients with the rare osteo-
sclerotic form of plasmacytoma (the polyneuropathy, organomegaly, endocrinopathy,
M protein, and skin changes [POEMS] syndrome).37 Clinical and electrophysiological
studies in patients with cancer, particularly small-cell lung cancer, often disclose prox-
imal muscle weakness or delayed conduction along peripheral nerves in asymptomatic
patients.38 Whether these abnormalities are true paraneoplastic neurologic disorders
is unknown.

The symptoms and signs of paraneoplastic syndromes are diverse, but certain fea-
tures are common. The neurologic disorder usually appears before the cancer has been
identified. In many instances an initial search for cancer is unrewarding; the tumor is
found months or even a few years after the appearance of the neurologic syndrome.
Whole-body positron-emission tomography may be the best screening method for locat-
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Table 1. Paraneoplastic Syndromes of the Nervous System.

Location of Syndrome

Brain and cranial nerves
Limbic encephalitis
Brain-stem encephalitis
Cerebellar degeneration
Opsoclonus—myoclonus
Visual syndromes
Cancer-associated retinopathy
Optic neuritis

Chorea

Parkinsonism

Spinal cord
Necrotizing myelopathy
Inflammatory myelitis

Motor neuron disease

Subacute motor neuronopathy

Stiff-person syndrome
Dorsal-root ganglia

Sensory neuronopathy

Peripheral nerves

Autonomic neuropathy
Acute sensorimotor neuropathy

Polyradiculoneuropathy
(Guillain—Barré syndrome)

Brachial neuritis
Chronic sensorimotor neuropathy
Vasculitic neuropathy
Neuromyotonia
Neuromuscular junction

Lambert—Eaton myasthenic
syndrome

Myasthenia gravis
Muscle
Polymyositis or dermatomyositis
Necrotizing myopathy
Myotonia

(amyotrophic lateral sclerosis)
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Barnett et al.”
Peterson et al.,® Cao et al.®

Bataller et al.10
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Golbe et al.14
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Graus et al.22
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Blumenthal et al.27
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Carpentier and Delattre3°

Vernino et al.31

Stockton et al.32
Levin et al.33

Pascual et al.34
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ing the occult cancer.3® Although the tumor may be
indolent,*° the neurologic illness usually develops
rapidly over days to a few months. Paraneoplastic
neurologic disorders are usually severe, often dis-
abling, and sometimes lethal.22

LABORATORY FINDINGS
Examination of cerebrospinal fluid reveals a mild
pleocytosis (30 to 40 white cells per cubic milli-

meter), a slightly elevated protein level (50 to 100 mg
per deciliter), and an elevated IgG level. Pleocytosis
is usually apparent only early in the course of the dis-
ease and disappears within several weeks to months.
The elevated IgG level may, however, persist. Analy-
sis of cerebrospinal fluid cells in patients with para-
neoplastic cerebellar degeneration through fluo-
rescent-activated cell sorting has revealed that the
predominant cell type (over 75 percent) is T cells,
with a small component (less than 10 percent) of
B cells and natural killer cells.41

ANTIBODIES

Perhaps most important diagnostically, many pa-
tients with paraneoplastic syndromes have antibod-
ies in their serum (and cerebrospinal fluid) that re-
actwith both the nervous system and the underlying
cancer (Fig. 1 and Table 2). The identification of
these antibodies and their target neural antigens has
substantially advanced our ability to make an early
diagnosis and has led to the concept that paraneo-
plastic neurologic disorders are immune-mediated.

Although there is considerable overlap, each of
these antibodies is associated with a narrow spec-
trum of clinical syndromes and a restricted sub-
group of cancers (Table 2). The antibodies, some of
which we named using the first two letters of the
surname of the index patient, are highly specific for
identifying a patient with neurologic disability who
has a paraneoplastic syndrome. These antibodies
also suggest the site of the underlying cancer. For
example, the presence of anti-Yo antibodies in the
serum of a woman with cerebellar symptoms is vir-
tually conclusive evidence that she has paraneoplas-
tic cerebellar degeneration and gynecologic, usually
ovarian, cancer (Fig. 1A).

Unfortunately, notall patients with paraneoplas-
tic syndromes have identifiable antibodies in their
serum. Whether this is a technical fault in detection
or whether some paraneoplastic neurologic disor-
ders are not immune-mediated is not known.

ANTIGENS

In most cases of paraneoplastic syndromes associat-
ed with antibodies, the antigen has been identified
and the gene coding for the antigen has been cloned
and sequenced (Table 2). Some of these antigens are
expressed by all tumors of a given histologic type,
whether or not the patient mounts an immune re-
sponse against them. Other tumors rarely express
such antigens unless the cancer causes a paraneo-
plastic neurologic disorder. Failure to find the anti-
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gen in the cancer of a patient with paraneoplastic
antibodies should prompt a search for a second
cancer.?2

PATHOPHYSIOLOGICAL FEATURES

THE AUTOIMMUNE MODEL OF PATHOGENESIS
Currently, it is thought that most or all paraneo-
plastic neurologic disorders are immune-mediated
(Fig. 2). The mechanism entails ectopic expression
by a tumor of an antigen that normally is expressed
exclusively in the nervous system. Some of these
so-called onconeural antigens are also expressed in
the normal testis, an organ that is, like the brain, an
immunologically privileged site. The tumor anti-
gen is identical to the neural antigen,®8 but for un-
known reasons the immune system identifies it as
foreign and mounts an immune attack. The immune
attack controls the growth of the cancer and may in
a few instances obliterate it (Fig. 3). However, the
antibodies and cytotoxic T cells that are specific for
the tumor antigen are not sufficient to cause the
neurologic disease unless they cross the blood—
brain barrier and react with neurons expressing the
onconeural antigen (Table 3).

TUMOR IMMUNITY IN PARANEOPLASTIC
SYNDROMES

The Tumor

Onconeural antigens are present in the tumor in all
patients with antibody-positive paraneoplastic neu-
rologic disorders and in many patients without such
disorders. Moreover, the genes for these antigens
are not mutated in tumor cells.®8:7%71 Thus, para-
neoplastic neurologic syndromes cannot be attrib-
uted to the infrequency of expression of the relevant
tumor antigens or to mutations in the genes encod-
ing these antigens.

The tumor is often occult, and the neurologic
disorder typically precedes the diagnosis of the tu-
mor.822 For example, patients with the Hu para-
neoplastic syndrome typically harbor small-cell lung
cancers that are limited to single nodules (53 of 55
patients in one study“4), despite the fact that most
small-cell lung cancers (over 60 percent) are widely
metastatic at diagnosis. In a few instances, unequiv-
ocal paraneoplastic syndromes may follow identifi-
cation and even treatment of the tumor, and may
sometimes herald a relapse.

The histologic features of tumors in paraneo-
plastic neurologic disorders do not differ from those
of other tumors, except that the tumors may be

heavily infiltrated with inflammatory cells.8:72,73
Many reports suggest that patients with paraneo-
plastic neurologic disorders have a better prognosis
than patients with histologically identical tumors
that are not associated with paraneoplastic neuro-
logic disorders.74-77 The improved prognosis is not
simply a result of earlier diagnosis of the cancer be-
cause the neurologic disease has led to a search for
cancer. Patients with low titers of anti-Hu antibod-
ies but without paraneoplastic disorders also have
more limited small-cell lung cancer than patients
who do not have the antibodies.40.78

The Nervous System

The presence of antigen-specific cytotoxic T cells
in paraneoplastic neurologic disorders was clearly
documented after a patient with acute paraneoplas-
tic cerebellar degeneration and anti-Yo antibodies
was found to have activated T cells in her blood that
were able to lyse target cells presenting the Yo (also
called cdr2) antigen in vitro.”® Subsequent studies
in chronically ill patients with paraneoplastic cer-
ebellar degeneration have used autologous anti-
gen-presenting cells (dendritic cells) to reactivate
responses to the cdr2 antigen in memory cytotoxic
T cells. Such reactivated responses have been elicited
in all patients with paraneoplastic cerebellar degen-
eration whose T cells were tested for the phenome-
non.*.79 These studies have been complemented by
reports of a limited V3 chain T-cell repertoire in pa-
tients with the Hu syndrome (the V@ is one of the
two chains, VB and Ve, of the T-cell receptor).8°
Taken together, the evidence indicates that T-cell
responses have an importantrole in paraneoplastic
neurologic disorders.

Antibodies in paraneoplastic neurologic disor-
ders react with the portion of the nervous system
that is responsible for the clinical symptoms — for
example, anti-Purkinje-cell antibodies occur in
patients with paraneoplastic cerebellar degenera-
tion.81 In many instances, the reaction is more wide-
spread than the clinical findings. In paraneoplastic
neurologic disorders affecting the brain, relatively
high titers of the antibody in the cerebrospinal
fluid (relative to total IgG) indicate that the anti-
body is synthesized within the brain, presumably by
specific B cells that have crossed the blood-brain
barrier.82

One report described the presence of anti-Hu
antibodies within neuronal nuclei of the central
nervous system in patients who died of their para-
neoplastic syndromes.33 Although some believe this
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finding to be an artifact, antibodies to double-
stranded DNA, the hallmark of systemic lupus
erythematosus, have been found within the nuclei
of cells in patients with systemic lupus erythema-
tosus.84

Antibodies and Cytotoxic T Cells

The relative roles of humorally mediated immunity
(antibodies) and cellular immunity (T cells) in para-
neoplastic neurologic disorders are unresolved.8>
This uncertainty is complicated by the fact that dif-
ferent paraneoplastic neurologic disorders may have
different underlying mechanisms. When the tar-
get antigens are cell-surface receptors, as in the
Lambert—Eaton myasthenic syndrome, myasthenia
gravis, and a rare form of paraneoplastic cerebellar
degeneration, antibodies appear to have the pre-
dominant role.

UNRESOLVED ISSUES

ANIMAL MODELS

Studies in animals have failed to reproduce para-
neoplastic neurologic syndromes, perhaps in part
because many of them have focused on antineuronal
antibodies, whereas studies in humans have impli-
cated an important cellular component in the im-
mune response in several paraneoplastic neurologic
syndromes. In one report, animals immunized with
DNA corresponding to the Hu antigen were protect-
ed against subsequent inoculation of the tumor,3¢
but the importance of this report, in the face of many
similar reports in which protection was induced in
animal models of tumors not associated with para-
neoplastic neurologic disorders, is uncertain.

PROTECTION AGAINST THE TUMOR

Itis not known whether the antitumor immune re-
sponse in paraneoplastic neurologic disorders can
be harnessed to treat tumors without damaging the
nervous system. In the current model of paraneo-
plastic neurologic disorders (Fig. 2),87 apoptosis of
tumor cells triggers an antitumor immune response.
Indeed, it has been shown that apoptotic tumor cells
in paraneoplastic neurologic disorders are a potent
means of activating tumor-specific T cells.88 Such
killer T cells could trigger a feedback loop by in-
ducing apoptosis and hence amplification of the
antitumor immune response. These observations
suggest that understanding the mechanisms that
trigger effective tumor immune responses in pa-

Figure 1 (facing page). Two Different Antibodies in Para-
neoplastic Syndromes.

Panel A shows a magnetic resonance imaging (MRI)
scan from a woman with an acute onset of pancerebellar
dysfunction (upper left-hand side). There is enhancement
of cerebellar folia, suggesting an acute inflammatory re-
action. Antibodies in her serum reacted with Purkinje cells
of the cerebellum (brown staining, upper right-hand side;
hematoxylin counterstain, x100). Subsequently, an ovari-
an cancer was discovered. Antibodies in her serum reacted
with the cancer cells (lower left-hand side; hematoxylin
counterstain, x100). Western blotting (lower right-hand
side) against cerebellar Purkinje cells and the tumor re-
vealed bands at 62 and 34 kD. Control serum did not
react with Purkinje cells. Panel B shows an MRI scan
from a woman with severe sensory neuronopathy and
loss of memory (upper left-hand side). It reveals hyperin-
tensity in the medial temporal lobes on the T,-weighted
image (left) and slight contrast enhancement in the right
temporal lobe (arrow). Two mediastinal biopsies re-
vealed only inflammation. Antibodies in her serum react-
ed with all neurons in the central and peripheral nervous
system, staining the nucleus more strongly than the cy-
toplasm and sparing the nucleolus (upper right-hand
side; hematoxylin counterstain, x200). The woman died
suddenly of acute autonomic failure. Autopsy showed

a small-cell lung cancer that also reacted with antibodies
in her serum (lower left-hand side; hematoxylin counter-
stain, x100). Western blot analysis (lower right-hand
side) showed that antibodies in her serum reacted with
extracts of cortical neurons and of small-cell lung-cancer
cells. Normal serum does not produce such a reaction.

tients with paraneoplastic neurologic disorders may
have an important role in developing successful ap-
proaches to tumor immunotherapy.

VARIATIONS IN PATHOLOGICAL FEATURES

Another factor complicating our understanding of
the neuronal degeneration in paraneoplastic neuro-
logic disorders is the fact that the pathological fea-
tures of these disorders vary widely. For example, in
paraneoplastic cerebellar degeneration, there is to-
tal loss of the Purkinje cells of the cerebellum, with
little or no pathological change elsewhere in the
nervous system and no identifiable inflammatory in-
filtrates within the cerebellum itself. By contrast, in
paraneoplastic encephalomyelitis, there is not only
widespread destruction of neurons, including Pur-
kinje cells, but also florid inflammation within the
central nervous system and intraneuronal deposits
of antibodies.83 In some patients with paraneoplas-
tic syndromes, particularly opsoclonus—myoclonus,
autopsy may demonstrate an entirely normal brain
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Plasma

Figure 2. Proposed Pathogenesis of Paraneoplastic Neurologic Disorders.

A tumor not involving the nervous system expresses a neuronal protein that the immune system recognizes as nonself.
Apoptotic tumor cells are phagocytized by dendritic cells that migrate to lymph nodes, where they activate antigen-spe-
cific CD4+, CD8+, and B cells. The B cells mature into plasma cells that produce antibodies against the tumor antigen.
The antibodies or the cytotoxic CD8+ T cells (or both) slow the growth of the tumor, but they also react with portions of
the nervous system outside the blood-brain barrier. In the illustration, antibodies are reacting with voltage-gated calci-
um channels at the neuromuscular junction, causing the Lambert—Eaton myasthenic syndrome. In some instances,
plasma cells and cytotoxic T cells cross the blood—brain barrier and attack neurons expressing the antigen they share
with the tumor.
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as Byrne.

Figure 3. Spontaneous Regression of Lung Lesions in a Patient with Encephalomyelitis and Anti-Hu Antibodies.

The computed tomographic (CT) scan in Panel A shows a lung mass with hilar and mediastinal adenopathy. During the course of the workup,
sensory loss and cerebellar signs developed and anti-Hu antibodies were found in the serum. A second CT scan, obtained before any treat-
ment was administered (Panel B), shows partial resolution of the lung lesion and the adenopathy. A right-upper-lobe lobectomy yielded only
fibrous tissue and inflammation. The adenopathy then resolved without further treatment (Panel C). The patient’s clinical symptoms also be-
gan to improve, and she was left with only mild cerebellar signs. This case is described as Case 1 in Byrne et al.5° Scans courtesy of Dr. Thom-

1550

even when serial sections are made through the site
of the omnipause neurons, which are thought to be
responsible for opsoclonus.8 In the Lambert—Eaton
myasthenic syndrome, electron microscopy reveals
binding of antibodies against voltage-gated calcium
channels at the presynaptic neuromuscular junc-
tion, which disrupts the active sites.9° Thus, al-
though paraneoplastic syndromes involving the
nervous system may all be immune-mediated, the
site of damage and the exact mechanism may vary
from syndrome to syndrome in ways that are not
fully understood.

In paraneoplastic neurologic disorders of the
central nervous system, where most of the known
target antigens are intracellular proteins, animal
models have not provided evidence that antibodies
have a role in pathogenesis. Documentation of the
expression of major-histocompatibility-complex
(MHC) class I and MHC class II antigen—presenting
molecules in neurons®! supports the possibility that
T cells recognize intracellular antigen presented to
them as an MHC—-peptide complex and thereby Kill
neurons. Identification of antigen-specific T cells in
the central nervous system would support this hy-
pothesis, as would an animal model in which an-
tigen-specific T cells mediated neuronal degener-
ation.

TREATMENT

Because paraneoplastic syndromes are considered
to be immune-mediated, two treatment approaches
have been used: removal of the source of the anti-
gen by treatment of the underlying tumor, and sup-
pression of the immune response. For many para-
neoplastic syndromes, the first approach is the only
effective treatment.13:92 In the Lambert-Eaton my-
asthenic syndrome and myasthenia gravis, plasma
exchange or intravenous immune globulin is usual-
ly effective in suppressing the immune response.®3
If the disease is mediated by T cells, as is suspected
in many central nervous system disorders, such as
paraneoplastic cerebellar degeneration with anti-Yo
antibodies or encephalomyelitis with anti-Hu anti-
bodies, drugs such as tacrolimus#! or mycopheno-
late mofetil®4 may be tried. Because the pathogene-
sis of many paraneoplastic disorders is unknown
and humoral and cell-mediated immunity may both
have a role, it may be appropriate to suppress both
arms of the immune system.

There are no established protocols for the treat-
ment of most paraneoplastic syndromes, but if the
patient’s condition is deteriorating, the physician
usually uses a combination of either plasma ex-
change or intravenous immune globulin and immu-
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nosuppressive agents such as corticosteroids, cyclo-
phosphamide, or tacrolimus.

There is no established protocol for immuno-
suppressive treatment. Keime-Guibert and col-
leagues®5 administered intravenous immune glob-
ulin at a dose of 0.5 g per kilogram of body weight
per day for five days, intravenous methylpredniso-
lone at 1 g per day for three days, and intravenous
cyclophosphamide at 600 mg per square meter of
body-surface area for one day on day 4. If there was
evidence of improvement or stability, the treatment
was repeated three times at three-week intervals. If
the patientimproved after the third treatment, main-
tenance treatment with 0.5 g of intravenous im-
mune globulin per kilogram, 1 g of intravenous
methylprednisolone, and 600 mg of intravenous
cyclophosphamide per square meter was delivered
one day monthly for six months.95 There is less ex-
perience with tacrolimus. We have given tacroli-
mus at a dose of 0.15 mg per kilogram per day for
14 days, followed by 0.3 mg per kilogram per day
for 7 days.*1 This regimen decreased the number of
activated T cells in the spinal fluid but had no sub-
stantial effect on the clinical course.

For most paraneoplastic syndromes, immuno-
therapy is not effective.13:95 However, isolated case
reports describing responses to various immuno-
therapeutic interventions encourage physicians to
combine immunotherapy with treatment of the can-
cer in a desperate situation. Since the pathologic
features of paraneoplastic neurologic disorders sug-
gest that a destructive immune response is typi-
cally present, treatment with immune suppression
should begin as expeditiously as possible.

PROGNOSIS
Some disorders, such as the Lambert—Eaton myas-
thenic syndrome and myasthenia gravis, respond
well to immunosuppression and subsequently to
treatment of the underlying tumor. The peripheral
neuropathy associated with osteosclerotic myeloma
generally resolves when the tumor is treated with
radiotherapy. A few disorders, such as opsoclonus—
myoclonus in adults, may respond to treatment of
the underlying tumor, immunosuppression, or
both, or they may resolve spontaneously. In many
instances, it is not clear whether the paraneoplastic
syndrome resolves spontaneously or in response to
treatment. Disorders involving the central nervous
system, such as encephalomyelitis associated with
cancer or paraneoplastic cerebellar degeneration,

N ENGL J MED 349;16  WWW.NEJM.ORG

Table 3. Evidence Supporting the Immune Hypothesis.

Tumor Nervous System

Neural antigens are present in tumor ~ Antibodies react with nervous system

Tumors are clinically occult Antibodies are synthesized intra-
thecally

Antigen-specific T cells are presentin
cerebrospinal fluid and brain

Intraneuronal deposits of antibody
are present

Inflammatory (immune) infiltrates are
present

Prognosis is better*
Spontaneous regression may occur

* Patients with paraneoplastic syndromes appear to have a better prognosis
with respect to the tumor than do patients with the same type of tumor who do
not have paraneoplastic syndromes.

usually respond poorly to treatment, although they
may stabilize when the underlying tumor is treated.

The reason for the different prognoses probably
has to do with the underlying pathologic features.
The Lambert-Eaton myasthenic syndrome and my-
asthenia gravis are diseases of the neuromuscular
junction, which can recover its function once the
causal insult has resolved, because there is no loss
of the parent neuron. Disorders such as paraneo-
plastic cerebellar degeneration are usually associat-
ed with neuronal loss, and because they evolve sub-
acutely and treatment is often delayed, the neurons
die, making recovery impossible. Some central nerv-
ous system disorders, such as opsoclonus—myoclo-
nus, may not involve cellular loss and, in fact, may
have no identifiable pathologic features. Thus, pa-
tients with these disorders, like those with the Lam-
bert—Eaton myasthenic syndrome, have the poten-
tial for recovery.

An important question is whether immunosup-
pression for treatment of the paraneoplastic syn-
drome stimulates the growth of the tumor. No evi-
dence of this has been reported. Most reports that
describe an absence of response of the paraneoplas-
tic syndrome to immunosuppression do not note an
exacerbation of the tumor.
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