INVITED REVIEW ABSTRACT: Lymphoma occasionally affects the peripheral nervous sys-
tem. When it does, the diagnosis can be elusive since many patients present
without known lymphoma. Most peripheral nerve complications are due to
non-Hodgkin’s lymphoma (NHL), which infiltrates nerves causing axonal
damage. This disorder can affect nerve roots and cranial nerves, often
associated with lymphomatous meningitis. NHL may also infiltrate peripheral
nerves and cause plexopathy, mononeuropathy, or generalized neuropathy.
These neuropathies may resemble an asymmetric mononeuropathy multi-
plex or a generalized disorder such as chronic inflammatory demyelinating
polyradiculoneuropathy. When NHL infiltrates diffusely, the term neurolym-
phomatosis is used. Hodgkin’s lymphoma (HL), by contrast, rarely infiltrates
nerves. More often, HL causes immunological disorders of the peripheral
nervous system such as inflammatory plexopathy or Guillain-Barré syn-
drome. Other rare lymphomas such as intravascular lymphoma and Wal-
denstrém’s macroglobulinemia can also affect peripheral nerves in specific
ways. In addition, other malignant and nonmalignant lymphoproliferative
disorders enter into the differential diagnosis of lymphomatous neuropathy.
This review discusses the multiple peripheral nerve presentations of lym-
phoma from the clinician’s point of view and provides a guide to the evalu-
ation and diagnosis of these uncommon, challenging disorders.
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Lymphomas can cause peripheral neuropa-
thiCS.2’17‘18‘22‘36’52’55’56’89’133’143’146 These Syndromes
occur most frequently by direct infiltration of nerves
but may also occur by paraneoplastic mechanisms,
by metabolic and infectious processes, and as side
effects of treatment.?8% Some are commonplace
and may not suggest an underlying tumor, such as
the distal sensory-motor axonal peripheral neuropa-
thy that occurs in many patients with advanced can-
cer. Others are highly unusual, such as a rapidly infil-
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trating lymphoma with a presentation similar to
Guillain—-Barré syndrome (GBS) or chronic inflamma-
tory demyelinating polyradiculoneuropathy (CIDP).
All can cause diagnostic confusion and lymphoma de-
serves consideration in the presence of any obscure
neuropathy, despite its infrequency.

This review will focus on the peripheral nerve
manifestations of lymphoma from the clinician’s
standpoint. Other reviews have discussed other man-
ifestations of lymphoma, including spinal and cen-
tral nervous system effects.!8.19.52:56.100.146 Sipce these
syndromes may present in patients with known lym-
phoma or in patients in whom lymphoma is not
suspected, these disorders are presented from both
points of view.

A review of this scope has to have limitations.
Treatment or the side effects of treatment are not
discussed in detail except as they affect the diag-
nosis of lymphomatous neuropathy. Since few neu-
rologists are called on to treat these patients, a
detailed discussion of treatment is properly the
concern of hematologists, radiotherapists, and on-
cologists. The pathological, immunological, and
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biochemical aspects of these diseases are also not
discussed.

CLASSIFICATION OF LYMPHOMA

Lymphomas are hematopoietic neoplasms originat-
ing from immunocompetent cells, the lymphocytes,
that spread to other lymphoid and nonlymphoid
tissues either by direct infiltration or hematogenous
dissemination. They are divided into two main
groups: non-Hodgkin’s lymphoma (NHL) and
Hodgkin’s lymphoma (HL). The annual incidence
of NHL in the U.S. is estimated at 3.5 per 100,000
and accounts for about 8% of new cancers and
10.3% of cancer deaths.86 NHL is classified as B-cell
or T-cell type, with B-cell types being more common.
Diagnosis of the different B-cell and T-cell types may
be done in many cases using standard microscopic
examination; however, immunophenotyping, either
by immunohistochemical stains or flow cytometry, or
by molecular DNA/RNA studies may be necessary to
confirm the diagnosis. Although the cause is un-
known, evidence suggests that prior viral infections
with Epstein—Barr virus (EBV) or human T-cell leu-
kemia virus 1 (HTLV-1) are associated with subtypes
of NHL.?¢ Immunosuppression and human immu-
nodeficiency virus (HIV) infection are also risk fac-
tors for NHL.8¢ Several classification systems have
been proposed, such as the National Cancer Insti-
tute’s International Working Formulation; Revised
European—-American Lymphoma Formulation; and
the World Health Organization (WHO) classifica-
tion.86:100 These systems classify tumors by cell type,
growth patterns, and grade. In general, more ad-
vanced tumors with higher stages have a poorer
prognosis and are more likely to spread to the ner-
vous system.

HL is a lymphoma with Reed-Sternberg cells
which occurs particularly in younger patients usually
without a history of immunosuppression. HL is
much less likely than NHL to cause disease outside
of the lymphoreticular system. It originates most
commonly in an age range of 16-34 years, with
another subgroup presenting later in life.86 The an-
nual incidence of HL is estimated at 3.0 per 100,000
in the U.S.86 Prior viral infections, especially with
EBV and HIV, which is associated with a particularly
virulent form, may also play a role in the etiology of
subtypes of HL.1086 HL also has several classifica-
tions (Rye, WHO).86:190 These systems classify HL by
cell type, number of malignant cells (Reed-Stern-
berg cell variants) and growth pattern. Along with
staging systems, these are helpful from a prognostic
and treatment planning standpoint. HL has a much
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better prognosis than NHL, with approximately 80%
of patients cured by modern treatment.8¢ Staging of
HL is much more predictive of prognosis than stag-
ing of NHL.

HL and NHL both infrequently cause peripheral
and central nervous system complications, with NHL
a much more common cause. One investigator
found only 10 cases with nervous system involvement
in 7,000 consecutive autopsies on lymphoma pa-
tients.!>* Despite the infrequent clinical presenta-
tion of neurological complications, these neoplasms
seem to have a biological effect on the peripheral
nervous system in many more patients. For example,
Walsh found that although only 8% of a mixed
population of lymphoma patients had clinical evi-
dence of neuropathy, 35% had electrophysiological
or pathological evidence of peripheral neuropa-
thy.'*3 Dickenman and Chason also found a much
higher rate of abnormality of dorsal root ganglia
cells than suspected by clinical evaluation in an au-
topsy series of lymphoma patients.?> Most of the
neurological complications occur in NHL. In two
series, 98% of lymphoma patients with peripheral
nerve?* and central nervous system®® complications
had NHL. With higher grades, the rate of nervous
system involvement increases, ranging from 6.5 to
17.5% in NHL. Most are B-cell NHL, with T-cell
NHL accounting for only about 10%.1°° Neurologi-
cal complications are much rarer in HL. O’Neill
reported only 82 cases of all neurological types in a
recent Medline review over 34 years, and most of
these were indirect complications.!® No good statis-
tics exist for peripheral nerve disorders, which are
much less frequent. Most reports describe single
patients or small series of cases.

Other variants of lymphoma and lymphoprolif-
erative disorders can also cause neuropathy.?* Exam-
ples of variants of lymphoma are neurolymphomato-
sis (NL) and intravascular lymphoma (IVL).
Examples of lymphoproliferative disorders are lym-
phomatoid granulomatosis and Castleman’s disease.
These latter two are usually included in this discus-
sion because they mimic lymphomas.

PATHOGENESIS OF LYMPHOMATOUS NEUROPATHY

NHL can cause neuropathy by directly compressing
or infiltrating nerves or by remote effects.89:95:138 The
mechanisms of nerve damage are often unknown,
but several have been proposed.

First, in central nervous system disease, lym-
phoma cells can gain direct access to nerves by infil-
tration of cranial nerves or nerve roots. In peripheral
nerve disease, lymphocytes can infiltrate adjacent
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nerves from lymph nodes.6!:1% This may be facili-
tated at the spinal or dorsal root ganglion level
where the blood—brain barrier is deficient.?® Malig-
nant lymphocytes may adhere to neural cell adhe-
sion molecules.* These molecules, found on neurons
and meninges, allow passage of certain classes of lym-
phocytes across the blood—brain or blood—nerve barri-
er.5970 Pathological samples typically show lymphoma
cells surrounding vessels in the eipineurium,!®® sug-
gesting hematogenous spread.?* These infiltrates
should not be mistaken for vasculitis since they do not
infiltrate the vessel wall in most cases or cause fibrinoid
necrosis.!38 Lymphoma also frequently invades the en-
doneurium, which is uncommon in carcinoma.!06.138
Endoneurial infiltrates are associated with a mix of
segmental demyelination and axonal degeneration by
mechanisms that are unclear.’%-196.138 The pathology
may, in some cases, resemble Marek’s disease in chick-
ens, which is a well studied T-cell lymphoma affecting
only peripheral nerves, caused by avian cytomegalovi-
rus infection.®*87 However, most infiltrative neuropa-
thies in humans are due to B-cell lymphoma.>24

Second, inflammatory, dysimmune neuropathies
such as GBS83.136.155 or CIDP!32.14! can occur in lym-
phoma due to the accompanying or preexisting im-
mune perturbation. These disorders are more com-
monly reported with HL than NHL.82140 Since
infiltrative lymphoma can mimic dysimmune neu-
ropathies,!32 however, nerve biopsy with immuno-
typing is essential to diagnosis in most cases.”*140 In
some cases, antibodies likely derived from molecular
mimicry of antigens in lymphoma cells or accompa-
nying viral infections may attack similar antigens in
nerve cells.2 Examples include anti-Hu neuropa-
thy,20-21.85 multifocal motor neuropathy,”® neuro-
myotonia,” and perhaps GBS and CIDP.

Third, hematogenous metastases can occlude ves-
sels by local intravascular proliferation or direct pres-
sure, resulting in nerve infarcts.!*? In addition, tumor
emboli can infarct nerves (and brain) especially in the
setting of IVL, also known as malignant angioendothe-
lioma or angiotrophic lymphoma.*!-137.147 These pa-
tients present with a vasculitic-like mononeuropathy
multiplex syndrome often associated with stroke.!37.140

Fourth, patients with HIV and lymphoma may
develop neuropathy associated with tumor infiltra-
tion of the nerves.*2140 HIV infections can be asso-
ciated with an increased incidence of lymphoma and
increased virulence.*0

Rarer causes of mononeuropathy and asymmet-
ric neuropathy syndrome in lymphoma are vasculi-
tis'698 and cryoglobulinemia,?’ the latter often asso-
ciated with monoclonal antibodies (types I-II
cryoglobulinemia).?? Also, in the setting of a mono-
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clonal paraprotein, amyloidosis may cause neuropa-
thy_68,99

Lymphoma cells can affect peripheral nerves re-
motely, causing generalized neuropathies.??.58.96,132
Examples include NHL, chronic lymphocytic leuke-
mia, Waldenstréom’s macroglobulinemia, and osteo-
sclerotic myeloma.5” These may be due to circulating
anti-nerve monoclonal antibodies secreted by the
tumor cells or other factors as yet unknown, as in the
case of osteosclerotic myeloma. In some cases, the
monoclonal anti-nerve antibodies, usually immuno-
globulin-M paraproteins, are directed at specific an-
tigens such as myelin-associated glycoprotein and
the ganglioside GM1.57:58,66.76,96

Nonmalignant lymphopoliferative disorders, such
as Castleman’s disease (angiofollicular lymph node hy-
perplasia), may cause neuropathy,26:140 sometimes as-
sociated with Crow-Fukase syndrome (polyneurop-
athy, organomegaly, endocrinopathy, M-protein, and
skin changes; POEMS syndrome) .56 Although not a
focus of this review, they often feature in the differen-
tial diagnosis of lymphomatous neuropathies. These
disorders may be associated with a monoclonal gam-
mopathy, which is likely not the cause of nerve damage
but can be a diagnostic clue.

Frequently, neuropathies occur in lymphoma
without clear explanation, as in all malignancies.
They are usually mild, mostly sensory and axonal in
type. The cause is not known but metabolic and toxic
mechanisms are generally suspected, some undoubt-
edly related to treatment.!40

Known viral infections such as herpes zoster virus
(VZV) can directly affect nerves and nerve roots.2-%%
In addition, it is possible that EBV or other viruses
may lead to a lymphoproliferative state similar to
Marek’s diseases87 or focal inflammatory disorders
such as lymphomatoid granulomatosis.®!

NEUROLOGICAL SYNDROMES IN
INDIVIDUAL LYMPHOMAS

Lymphoma-associated neurological syndromes may
present in patients with known lymphoma. Thus, a
discussion of these syndromes in individuals where
the diagnosis of lymphoma is established can be
helpful to the clinician.

Non-Hodgkin’s lymphoma. NHL is by far the most
common cause of lymphomatous neuropathy syn-
dromes (Table 1).3-2464100 Some of these are associ-
ated with HIV infections or other disorders that
depress the immune system.*2114150 These neo-
plasms can infiltrate cranial nerves,*4597 roots,!00
plexuses,5271.123 and peripheral nerves, often ex-
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Table 1. Peripheral nerve syndromes in lymphoma.

Syndrome NHL HL NL LG VL
Radiculopathy +++ — + + +
Plexopathy +++ + (autoimmune) + + +
Mononeuropathy ++ — ++ +++ +++
Peripheral neuropathy +4+ ++ (autoimmune) +4++ ++ (asymmetric) ++ (asymmetric)
Motor neuropathy ++ + — — —
GBS/CIDP + ++ ++ (infiltrative, non-autoimmune) — -
Sensory neuronopathy — + — — —

CIDP, chronic inflammatory demyelinating polyradiculoneuropathy; GBS, Guillain-Barré syndrome. HL, Hodgkin’s lymphoma; IVL, intravascular LG,
lymphomatoid granulomatosis; NHL, non-Hodgkin’s lymphoma; NL, neurolymphomatosis.

tending from regional foci of disease or by hematog-
enous dissemination.!%119 They can also infiltrate
peripheral nerves and cause a mononeuropathy or
regional, asymmetric pattern suggesting vasculitic
neuropathy.2462 With more diffuse infiltration, a
GBS- or CIDP-like syndrome may occur, with some
findings on electromyography and nerve conduction
studies (EMG) suggesting demyelination.!-16.101.141
Due to immunological disturbances, some of these
patients may develop a true autoimmune neuropa-
thy syndrome such as CIDP or other disorders asso-
ciated with specific antinerve antibodies.!2:82.:85.155
NHL can also cause a distal, predominantly axonal
neuropathy during the late stages of advanced dis-
ease.105,140

Neurolymphomatosis. NHL and, rarely, HL can
also present as neurolymphomatosis (NL). This
disorder is generally defined as clinical neuropa-
thy with associated malignant, lymphomatous in-
filtration of peripheral nerves proven by biopsy or
autOpSy.5’8’23’24’44’46_48’75’89’107’127’128’139 Baehring
and colleagues, in their extensive review, added a
surrogate criterion for pathological evidence by
allowing computed tomography (CT), magnetic
resonance imagine (MRI), or intraoperative evi-
dence of nerve infiltration beyond the dural sleeve
in the setting of known central nervous system or
systemic lymphoma.® Focal or diffuse enlargement
of nerves or roots or contrast enhancement in the
setting of known systemic or central nervous sys-
tem lymphoma suggests neoplastic infiltration in
the proper clinical setting. This criterion takes
advantage of the advances in neuroimaging in
these disorders and allows a presumptive diagnosis
without need to resort to pathological proof,
which in some cases may be difficult to obtain
without added morbidity. In earlier studies, prior
to immunolabeling and immunophenotypic anal-
ysis, it was sometimes difficult or impossible to
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determine whether the infiltration was malignant
or inflammatory unless the cells looked neoplastic.

A major advance in the evaluation of these syn-
dromes has been the introduction of immunolabel-
ing or immunophenotypic analysis of cell markers.
This can be accomplished by flow cytometry and
immunohistochemistry. Flow cytometry is useful
only in NHL, whereas immunohistochemistry is used
in both NHL and HL. Cell types (B or T lympho-
cytes) are determined by demonstration of either
B-cell or T-cell antigens on the surface or in the
cytoplasm of the neoplastic lymphocytes. These an-
tigens are often identified by cluster of differentia-
tion (CD) numbers, as part of the standard nomen-
clature system for leukocyte differentiation antigens
established by the World Health Organization
through a series of international workshops. Diagno-
sis of subtypes of NHL can be accomplished by de-
termination of patterns of expression of a number of
lymphocyte antigens, which are generally a recapit-
ulation of antigen expression at specific stages of
lymphocyte maturation (Fig. 1). In addition, the
pattern of immunoglobulin light chain expression
by B-lymphocytes can be used to determine patterns of
immunolabeling and can suggest monoclonal origin of
B-lymphocytes and thus malignancy.!6.74119.132.137 Djs-
tinction of subtypes of HL from certain variants of
NHL can be aided by immunohistochemical staining
of tissue sections.

In the past, diagnosis was more frequently made
at autopsy than biopsy where unknown systemic or
central nervous system malignancy is also often
found.>2# This is likely to change with the use of
modern imaging using the criteria of Baehring and
colleagues.® Greater than 90% of these cases are
B-cell with only about 10% T-cell NHL. HL is an
extremely rare cause.52* Patients may present with
mononeuropathy, asymmetrical regional neuropa-
thies in the leg or arm, polyradiculopathies, or a
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FIGURE 1. Sural nerve biopsy from a patient with chronic lym-
phocytic leukemia/small lymphocytic lymphoma and chronic neu-
ropathy with intraneural neoplastic lymphocytes displaying the
same immunophenotype (CD22* and CD5™") as the peripheral
blood and lymph node neoplastic lymphocytes, thereby estab-
lishing the infiltrate as the lymphomatous counterpart of the pa-
tient’s B-cell chronic lymphocytic leukemia. (A) Semithin section
of sural nerve showing moderate loss of myelinated fibers and
clusters of thinly myelinated fibers. (B) Hematoxylin and eosin—
stained paraffin section of sural nerve showing monomorphic
lymphoid cell infiltrate. (C) Cryosection of sural nerve stained by
immunohistochemical method showing CD22" cells in the endo-
neurium (arrows). (D) Cryosection of sural nerve stained by
immunohistochemical method showing CD5™ cells in the endo-
neurium (arrows). (A), X 300; (B,C,D), X 120. (Reprinted from
Thomas FP et al.’24 with permission of Springer-Verlag.)

cauda equina syndrome.%2% Less commonly, they
may present with a diffuse, progressive, and subacute
or chronic peripheral neuropathy resembling GBS
or CIDP.9:117

Hodgkin’s Lymphoma. HL is less likely than NHL to
infiltrate peripheral nerves, or present as a mass lesion,
and more likely to cause autoimmune disorders due to
the underlying immune system disturbance.?#55.78.88,100
There are case reports of Guillain—-Barré syn-
drome 82:186.155 CIDP,!32.141 and presumed autoim-
mune sensory neuronopathy syndrome,!285104 some-
times associated with anti-Hu antibodies.®> These
autoimmune paraneoplastic disorders can occur in
early stages of HL. In addition, HL rarely infiltrates
central or peripheral nervous system nerves but is com-
monly associated with VZV infection, with painful trun-
cal, or occasionally limb, radiculopathy.>®

Lymphomatous Neuropathy

Miscellaneous Syndromes. Iniravascular large B-cell
lymphoma, also known as angiotrophic lymphoma or
malignant angioendotheliomatosis, may cause neu-
ropathy.!®” These patients have lymphoma confined
to the blood-vessel lumen.!?1137 Intravascular lym-
phoma presents neurologically most commonly as a
stroke, due to intracranial vessel occlusion or em-
bolic infarct.!3” However, patients can present with a
cauda equina syndrome or a mononeuropathy. Di-
agnosis is made by biopsy or, more commonly, by
autopsy.

Lymphomatoid granulomatosis is not considered a
malignant lymphoma but is an angiocentric and an-
giodestructive lymphoproliferative disorder due to
EBV infection.7’27’35’39’49’54’60’63’81’93’103’108’112’148 Pa-
tients usually present with pulmonary and brain le-
sions but other sites may be involved. Pathological
examination shows pulmonary angiitis, which has
some characteristics in common with Wegener’s
granulomatosis and rare subtypes of lymphoma.
Neurological symptoms can occur in up to 30% of
the patients, but neuropathy is rare.>* Involved pe-
ripheral nerves show demyelination and axonal de-
generation in areas of lymphoid infiltration. Treat-
ment with corticosteroids and cytotoxic agents may
help. Diagnosis is made by biopsy of lung, brain, or
peripheral nerve lesions.8!

Chronic lymphocytic leukemia and Waldenstrom’s mac-
roglobulinemia may cause polyneuropathy by nerve
infiltration or autoimmunity. Waldenstrém’s macro-
globulinemia can cause amyloid neuropathy%® and
neuropathy with antibodies directed at myelin-asso-
ciated glycoproteins.®>-66 In addition to these disor-
ders, osteosclerotic myeloma and Castleman’s dis-
ease (angiofollicular lymph node hyperplasia), a
nonmalignant lymphoproliferative syndrome, can
also cause neuropathies. They are often accompa-
nied by monoclonal gammopathies that can aid rec-
ognition but likely do not cause the disorder.5”
Castleman’s disease and osteosclerotic myeloma may
have multiorgan involvement characteristic of Crow—
Fukase or POEMS syndrome.57:91

CLINICAL PRESENTATIONS

Patients most often present without known lym-
phoma, so a discussion of individual clinical presen-
tations and approaches to their diagnosis can be
helpful.

Cranial Nerve Disease. NHL can affect cranial
nerves by infiltrating the dura and adjacent nerves.
Greenberg et al. described five distinct dural syn-
dromes: orbital, parasellar, middle fossa, jugular fo-
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ramen, and occipital condyle.*> The orbital and
parasellar syndromes present with combinations of
frontal headache, diplopia with extraocular nerve
palsies, and sensory loss in the trigeminal first divi-
sion. Proptosis occurs in the orbital syndrome. Facial
pain and trigeminal sensory loss, sometimes with
facial nerve palsy, characterize the middle fossa syn-
drome. The jugular foramen syndrome manifests
with hoarseness and dysphagia due to lesions of the
9th to 11th cranial nerves. The condylar syndrome
displays localized pain and ipsilateral tongue weak-
ness and atrophy. Another ominous cranial nerve
lesion has been termed the “numb chin syn-
drome”83100.118 referring to sensory loss in the men-
tal nerve distribution caused by tumor invasion of
the bone adjacent to the mental foramen. Although
more common in solid malignancies such as prostate
and breast, this syndrome can also occur in lym-
phoma.

Electrophysiological, neuroophthalmological, and
neurovestibular examinations help to localize these
disorders. In all of these cranial nerve syndromes, how-
ever, imaging and cerebrospinal fluid examination are
crucial for diagnosis. Magnetic resonance imaging
(MRI) in particular, with and without contrast, can
detect local deposits and meningeal enhancement, in-
dicative of meningeal infiltration that usually accompa-
nies these syndromes.!? Fusion positron emission to-
mography/computed tomography (PET/CT) imaging
is a new technique for detection of masses and appears
promising.'?® Cerebrospinal fluid cytological examina-
tions, to look for evidence of meningeal infiltration,
are abnormal in up to 80% of patients if at least three
examinations are performed.!*® In addition, cerebro-
spinal fluid lactic dehydrogenase and beta, micro-
globulin levels can suggest lymphoma infiltration of
leptomeninges.190:145 If cerebrospinal fluid findings re-
main negative despite multiple studies, meningeal bi-
opsy should be considered.'*19 Other tests that can be
useful in individual cases include CT scans for bony
erosion, gallium scans for tumor masses, bone scans for
infiltration, and PET scans to detect tumor deposits.!%0

Spinal Nerve Roots. Radicular involvement in lym-
phoma patients is most commonly due to herpes
zoster (VZV) infections, usually in a truncal distribu-
tion.2%5 Approximately 3-10% of lymphoma patients
develop such infections.'® In up to 5% of VZV infec-
tions, extremity nerve roots are affected, producing
weakness with atrophy, variable sensory loss, and
reflex changes (called segmental zoster paresis).!26
In these cases, VZV infection must be distinguished
from mass effect of tumor or infiltration of roots.
Diagnosis is usually easy when the typical rash ap-
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pears but, rarely, the rash may be absent (“zoster sine
herpete”?). EMG is helpful in detecting evidence of
intraspinal disease but the peripheral nerves can be
affected beyond the dorsal root ganglia as well, as
evidenced by abnormal sensory nerve action poten-
tials in some patients.

Almost all spinal and root syndromes are due to
NHL and only rarely HL!% (Table 1). The medical
history and examination may not suggest the pres-
ence of malignancy, however, as these syndromes are
often the initial manifestation of an underlying ma-
lignancy.!!® Patients present with radiculopathy or
polyradiculopathy at a localized spinal leve]5!-100.115
or with a cauda equina syndrome.!3:24115 Radicular
involvement is manifest by typical root symptoms of
distal pain, dysesthesias, paresthesias, and sensori-
motor deficits in the distribution of the affected
root.6100.123 Cauda equina lesions present with pro-
gressive, typically asymmetric involvement of the
lower roots, initially manifesting with distal dysesthe-
sias and sensory loss but less classic root pain.?*
Bladder and bowel function tend to be spared until
late. EMG usually shows localized radicular involve-
ment with sparing of distal sensory nerve action po-
tentials in the distribution of clinical involvement
and evidence of acute denervation in the paraspinal
muscles. However, due to extraspinal involvement of
the proximal plexus in some patients, distal digital
or forearm sensory potentials may be affected, sug-
gesting extraspinal disease as well.3° The differential
diagnosis in these patients, therefore, may span the
multiple causes of root disease and plexopathy.

Diagnosis rests on needle biopsy of tumor masses
or, less commonly, on open biopsy with or without
decompression.!1® Positive cytology on cerebrospinal
fluid examination can be helpful, especially in those
without mass lesions and epidural enhancement on
contrast CT'** or MRI.'*> Due to the high frequency
of meningeal involvement, cerebrospinal fluid ex-
amination should be performed even if spinal MRI is
negative in atypical cases of radiculopathy or polyra-
diculopathy where lymphoma is considered a possi-
bility.

These patients may have discrete epidural masses
that compress the spinal cord, causing long tract
signs, or they may infiltrate and compress exiting
nerve roots causing the symptoms of pure radiculop-
athy.100.115 EMG should be done early to localize the
pathological process. In some cases, stimulation at
Erb’s point and of the nerve root can show the
presence of a conduction block, indicating root dis-
ease or plexopathy.?® Reduced distal sensory nerve
action potentials indicate extraspinal involvement
but often require unconventional studies of forearm
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nerves that are rarely performed in many laborato-
ries. Evidence by EMG of focal acute denervation in
paraspinal muscles is strong evidence for intraspinal
involvement. MRI and cerebrospinal fluid examina-
tion are needed to further stage the disease, along
with other hematological tests.

Plexopathy. Plexopathies can be caused by infiltra-
tion of lymphoma, inflammation due to autoim-
mune inflammatory conditions associated with NHL or
HL or the effects of radiation therapy.!0-59.71.72.102 A]-
though several large series of malignant plexopa-
thies have included patients with lymphoma, they
were not analyzed separately and therefore only gen-
eral statements can be made. In the brachial plexus,
malignant plexopathies are more likely to present
with pain and lower plexus involvement, sometimes
associated with an ipsilateral Horner’s syndrome.”?
However, Harper and colleagues did not find evi-
dence for preferential involvement of the lower
plexus in their series.’! In lymphoma, the proximal
plexus is often affected just distal to the root entry
zone, with frequent spread to the meninges as evi-
denced by meningeal enhancement, epidural masses
on MRI' or myelography, and abnormal cerebro-
spinal fluid cytology.?®72 In localized lymphoma,
MRI may show adenopathy or a high T2 signal mass
that may enhance with contrast.!-122 With NL, there
is thickening of the nerve trunks and cords due to
diffuse infiltration with increased T2 signal and
some enhancement but no mass.""122 This picture
can be mistaken for trauma or inflammatory plex-
opathy.!22

In general, radiation plexopathy is much less
painful than malignant plexopathy. There is typically
a latency of 6 months or more from the time of
radiation, and affected patients usually have experi-
enced higher doses of radiation.3%->1.71.125 Initial
symptoms are usually dysesthesias and paresthesias,
and progression is slow over months to years with
eventual development of weakness and reflex loss.
Kori and colleagues-72 found that the upper plexus
is more likely to be involved in radiation damage,
presumably due to less protection from overlying
tissue, although this was not the experience of
Harper and colleagues.®! Patients frequently have
lymphedema.” Imaging studies show loss of tissue
planes without mass lesions or enhancement.!0-51.123
Plexus imaging (MRI neurography) may be needed
for optimal visualization.!??> Neurography requires
special techniques using surface coils and is not
available at many MRI centers. EMG can be helpful
in differentiating these conditions. EMG usually
shows myokymic discharges, which are relatively spe-

Lymphomatous Neuropathy

cific for radiation damage to nerves®’-7? and are not
usually seen in neoplastic or inflammatory plexopa-
thies. These discharges are characterized by high-
frequency (5-150 Hz) firing of single motor units in
repetitive bursts as doublets, triplets, or multiplets.>°
They are widespread and easily recognized in most
cases of radiation plexopathy.5!

Inflammatory plexopathies, caused by presumed
autoimmune mechanisms, can be a presenting fea-
ture of HL or NHL, or can present in patients with
established lymphoma.”? These resemble typical
cases of idiopathic brachial plexus neuropathy (Par-
sonage—Turner syndrome) with the acute onset of
severe pain in the shoulder region followed rapidly
by weakness of the proximal arm.!*®¢ EMG shows no
denervation of the paraspinal muscles in most cases.3?
Sensory nerve action potentials in the arm may be
affected, establishing an extraspinal origin, but dig-
ital sensory potentials are often spared.30-33

Mononeuropathies. Mononeuropathies are rare
and generally occur in the setting of NHL29:89:13% and
rarely in lymphomatoid granulomatosis!!? and intra-
vascular lymphoma.!®” Mechanisms include neu-
rolymphomatosis,?* nerve infiltration by adjacent
lymphoma,?” infection with herpes zoster,”> cry-
globulinemia,®” infarcts with intravascular lympho-
ma,'3” and vasculitis.!®14° Mononeuropathies can
occasionally be confused with plexopathy or radicu-
lopathy, especially if they coalesce and present as a
regional, multiple mononeuropathy syndrome. Elec-
trodiagnostic testing can usually clarify the clinical
disorder. The typical electrophysiological and patho-
logical findings of nerve infiltration are of a mixed
axonal and demyelinating process, which may be
more heavily weighted towards one than the oth-
er.!3® There is often evidence of axonal damage
distally, with reduced motor and sensory potential
amplitudes and evidence of denervation.2+8%143 In
advanced cases, the patient may appear to have a
generalized neuropathy, but asymmetries are often
noted on clinical examination and electrodiagnostic
testing. If imaging studies do not show adjacent ad-
enopathy and clear evidence of nerve root infiltra-
tion with thickening of the nerves and contrast en-
hancement, then nerve biopsy is essential to
establish the diagnosis.®® Biopsy of an affected nerve
is important, however, since unaffected nerves, even
in the general area of involvement, may reveal no
abnormality.!3* MRI and EMG can help to choose
nerves suitable for biopsy.

Vasculitic disorders can occur in the setting of
NHL as a presumed autoimmune complication or
due to cryoglobulinemia, types 1 and 2.37 These
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patients typically have a primarily axonal process as
determined by EMG. The nerves are affected in
either a mononeuropathy or an asymmetrical re-
gional pattern. Distal motor and sensory responses
are diminished, and there is usually abundant evi-
dence of acute and chronic denervation in the dis-
tribution of distal nerves.!®-37 Biopsy of an affected
nerve, with immunolabeling to detect malignant
lymphoma infiltration if present, is essential to accu-
rate diagnosis in these syndromes.!32

Polyneuropathy. Polyneuropathy can be caused by
diffuse nerve infiltration'2° by NHL or NL which may
mimic CIDP,''7 autoimmune neuropathies such a
CIDP or GBS,!2! vasculitis, or cryoglobulinemia.!%2

The history helps to determine whether the pro-
cess had an asymmetrical onset which suggests either
nerve infiltration or a vasculitis.!”?* Elevated serum
lactic dehydrogenase levels in serum suggests a lym-
phoproliferative disease.!00:145 EMG may show a
combination of axonal and demyelinating features,
which can be confused with CIDP. MRI neurography
using surface coils may help to detect suspected
nerve infiltration. Demonstration of nerve thicken-
ing, nodule formation, and enhancement can
strongly suggest an infiltrative process.!® Cerebro-
spinal fluid examination is useful in demonstrating a
lymphocytic pleocytosis and positive cytology in
some cases, which may require additional treatment.
In addition, peripheral nerve and central nervous
system infiltration can occur while the lymphoma is
in remission, presumably due to the sanctuary effect
from chemotherapy drugs created by the blood-
nerve barrier.28117.142

Unless MRI neurography is unequivocal, nerve
biopsy should be performed with immunolabeling
studies.”121.124.152,137 Despite this, many patients are
diagnosed at autopsy,® suggesting that clinicians
should adopt a more aggressive approach to these
patients. Multiple biopsies, directed by imaging tech-
niques and EMG, should be performed in suspected
cases.

Patients sometimes present, more commonly in
HL,%2 with an autoimmune neuropathy that resem-
bles CIDP or GBS.12:132 The diagnosis of GBS is
usual relatively straightforward using conventional
techniques and criteria. Treatment is similar to that
of uncomplicated GBS or CIDP. In addition, there
have been reports of neuromyotonia occurring in
the setting of NHL, presumably due to potassium
channel antibodies.” Neuromyotonia is a distinct,
high-frequency discharge distinguishable from
myokymia.?® Stiff-person syndrome and autonomic
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neuropathy have also been reported in HL,3! pre-
sumably due to autoimmune mechanisms.!35

Paraneoplastic vasculitis generally occurs with a
presentation similar to conventional idiopathic vas-
culitis, with a sudden, painful, asymmetric onset.
EMG is helpful in verifying isolated nerve involve-
ment. Nerve biopsy is generally necessary to establish
the diagnosis and to exclude an infiltrative process.¢
Cryoglobulinemia, types 1 and 2, should also be
considered in cases of mononeuropathy or regional
neuropathies.?”

Motor Neuron Disease and Motor Neuropathy. De-
spite an epidemiological study that showed no in-
crease of malignancy in motor neuron disease,!?
there have been scattered reports over the years of
patients with motor neuron disease or motor neu-
ropathy associated with lymphoma and other malig-
nancies,3443:84.109-111113,151-153 T addition to typical
cases of amyotrophic lateral sclerosis, patients with
subacute and chronic motor nerve disease have been
described.!>!-15% There have also been reports of
multifocal motor neuropathy with antibodies di-
rected at nerve gangliosides in patients with lympho-
ma,’ and autopsy-proven amyotrophic lateral scle-
rosis with Waldenstrom’s macroglobulinemia and
antibodies to sulfated glucuronic acid paraglobo-
side 110

Among patients with HL. or NHL and either clas-
sic amyotrophic lateral sclerosis or progressive spinal
muscular atrophy,9+111.151-155 some have parapro-
teinemia and abnormally increased cerebrospinal
fluid protein levels with oligoclonal bands. Asymp-
tomatic lymphoma was found in 2 of a series of 37
patients with amyotrophic lateral sclerosis undergo-
ing routine bone marrow examination.!'' A mono-
clonal protein was found in one of these two pa-
tients. Only rare improvement occurs with
immunosuppressive treatment.*3%% Based on these
studies, it has been suggested that patients with mo-
tor neuron disease and cerebrospinal fluid protein
levels greater than 75 mg/dl, oligoclonal bands, or
monoclonal serum proteins should undergo evalua-
tion for lymphoproliferative disease.!>® Most amyo-
trophic lateral sclerosis centers have not reported a
similar experience in patients with amyotrophic lat-
eral sclerosis and these may be chance associations.
However, since these cases are quite rare, they would
be difficult to recognize in the population of other-
wise typical patients with amyotrophic lateral scler-
osis. A controlled, multicenter study would be
needed to answer this question.

Motor neuron disease associated with anti-Hu
(ANNA 1) antibodies seems to be a true paraneo-

MUSCLE & NERVE  March 2005



plastic disorder®* Anti-Hu antibodies can occur
rarely in lymphoma patients.2!8%> These patients usu-
ally present with widespread abnormalities including
encephalomyelitis and sensory neuronopathy. Up to
20% have signs of lower motor neuron disease.>*
They differ considerably from, and generally would
not be confused with, typical amyotrophic lateral
sclerosis.

Subacute motor neuropathy can occur in HL or
NHL, with a course independent of the underlying
malignancy.!16:15! These patients present with a sub-
acute, asymmetrical, patchy, painless neuropathy
mainly affecting the legs.!!6 Sensory loss is minimal
or absent. This neuropathy has a relatively benign,
self-limited course. Most patients eventually stabilize
or improve without treatment after months to years,
with some recovering completely.116 Pathology in
those dying of the malignancy showed a combina-
tion of anterior horn cell neuronal degeneration,
patchy segmental demyelination of the roots and
proximal nerves, and inflammatory infiltrates.!16
The etiology is unclear but authors have opined that
viral infection, previous radiotherapy, or immune
paraneoplastic mechanisms may play a role.!16:151
Such associations may be by chance alone. A multi-
centered, controlled study would be needed to de-
termine whether a true association exists with motor
neuron disease.

CONCLUSIONS

Patients with known HL and NHL rarely develop
peripheral nerve complications. These are much
more common in B-cell derived NHL, especially in
advanced stages. Patients may present with periph-
eral nerve complications or develop them during the
course of the disease, even when in remission. This is
presumably because lymphocytes may be seques-
tered inside the blood—nerve or blood—brain barrier
where they are shielded from systemic chemother-
apy. Tumor deposits or infiltration in the region of
the spine and skull may cause radiculopathy or cra-
nial neuropathy. The brachial or lumbar plexus may
be affected by direct infiltration or secondary effects
of lymphoma. In addition, individual nerves or adja-
cent groups of nerves may be affected by infiltration
or associated complications or patients may develop
diffuse infiltrative neuropathies in the setting of sys-
temic lymphoma or neurolymphomatosis. Monon-
europathies may be caused by nerve infiltration, neu-
rolymphomatosis, lymphomatoid granulomatosis, or
intravascular lymphoma. Often, these conditions are
mistaken for other more common causes, such as
CIDP or inflammatory vasculitis. In addition, pa-
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tients with both non-Hodgkin’s and Hodgkin’s lym-
phoma can develop conventional inflammatory, au-
toimmune conditions such as brachial plexopathy,
Guillain—Barré syndrome, CIDP, or vasculitis of pe-
ripheral nerves. These need to be differentiated
from lymphoma and other malignancies by imaging
EMG, cerebrospinal fluid examination, and biopsy
with lymphoma cell immunolabeling techniques. In
addition, complications of treatment such as herpes
zoster sometimes associated with segmental zoster
paresis, radiation effects such as radiation plexopa-
thy, and the effects of chemotherapy on peripheral
nerves need to be considered.

In the future, patients with defined syndromes
need to be more clearly described to facilitate their
recognition. The role of new laboratory tests such as
MRI neurography and PET scanning needs to be
established. The biomechanisms of lymphoma cell
spread to peripheral nerves requires study. If the
involved cellular mechanisms can be identified, it
may be possible to block infiltration with molecular
antagonists.
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