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Lymphoma Nerve Infi ltration
Joachim M Baehring

  Introduction

Neurolymphomatosis (NL) is defi ned as invasion of cra-
nial nerves, nerve roots, plexus, or nerves by Non-Hodgkin 
lympho ma (NHL). Most commonly, NL occurs as a result of 
dissemination from systemic disease sites, brain or cerebro-
spinal fl uid (secondary NL). NL in the absence of systemic 
NHL (primary NL) is exceedingly rare. NL has to be distin-
guished from the much more common chemotherapy-induced, 
infl ammatory, or paraneoplastic neuropathies.

In this review, the clinical manifestations of NL are described. 
Current knowledge of the mechanisms of NHL dissemination 
into nerves is summarised and diagnostic procedures as well 
as treatment options are outlined.

  Epidemiology

NL appears to be the least common direct neurologic manifes-
tation of NHL. The disease is slightly more common in men 
and manifests itself over a wide age range. However, popula-
tion-based incidence data are not available. Relative frequen-
cies ranging from < 1 % to 40 % have been reported in case se-
ries [1, 2]. The wide range is explained by varying defi nitions, 
variable inclusion of leukaemia cases, and differences in diag-
nostic material available for diagnosis (biopsy, autopsy, imag-
ing only). In a small case series, the relative incidence of NL 
was estimated to be 3 % in patients with newly diagnosed in-
termediate or high-grade NHL patients annually [3]. The cu-
mulative incidence of central nervous system (CNS) invasion 
by NHL ranges from 2.2–6.9 % (excluding Burkitt’s lympho-
ma in which it is substantially higher) and by acute leukae-
mia from 9–10 % [4, 5]. NHL dissemination into the peripher-
al as well as central nervous systems most commonly occurs 
with aggressive subtypes such as diffuse large B-cell lympho-
ma (DLBCL) or lymphoblastic histologies. Based on reported 
population-based incidence data (approximately 70,000 cases 

of NHL and 20,000 cases of acute leukaemia per year in the 
US [6]), it is estimated that there are < 2000 cases of NL per 
year in the US. Less than 10 % of these cases are primary NL.

  Pathogenesis

NL patients, similar to patients with primary CNS lympho-
ma, have a history of idiopathic diseases of possible autoim-
mune aetiology (recurrent chorioretinitis, celiac disease, hy-
pothyroidism, Bell’s palsy, Sjögren’s syndrome, systemic lu-
pus erythematosus, erythema nodosum, erythema multiforme, 
allergic purpura) at a greater-than-expected rate [7–10]. Se-
lected case reports with neuropathic symptoms for months to 
years preceding the diagnosis of NL suggest that lymphoma 
may arise in a subset of patients by malignant degeneration of 
an autoreactive B-cell clone targeting peripheral neural struc-
tures [7, 11–13]. We have observed several cases in which NL 
was preceded by lymphomatous invasion of cerebrospinal fl u-
id. Clinical and radiographic signs of NL soon followed the 
initially successful eradication of tumour cells from CSF, sug-
gesting that the intrathecally administered drug suffi ciently 
eliminated freely fl oating tumour cells but failed to address 
tumour cell infi ltration into proximal nerve roots and their in-
traneural spread.

The vast majority of NL cases consist of B-cell NHL [7, 14]. 
Based on autopsy data, systemic involvement by lympho-
ma is found in the majority of patients with NL. However, 
only 20 % are known to have systemic lymphoma at the time 
NL is diagnosed and in another 10 % systemic and periph-
eral nervous system involvement is found coincidentally al-
though these numbers may represent a selection bias [7]. Giv-
en the morphologic similarities, it is likely that tumour cells 
in NL share molecular features with CNS lymphoma, for ex-
ample, derivation from germinal centre or post-germinal cen-
tre B-cells [15]. Studies on molecular pathogenesis, the role of 
transforming viral pathogens, and chronic antigenic stimula-
tion have not been performed in NL.

Site-specifi city of NL in NHL refl ects conserved physiological 
behaviour of the originating tumour cell. It is based on expres-
sion of a stimulating endogenous or exogenous antigen within 
the target organ and mediated through adhesion receptors [16]. 
Selectins (mediating tethering), integrins, and chemokines 
(mediating adhesion and migration) have been implicated in 
CNS dissemination of NHL [17–20], for example neural cell 
adhesion molecule (NCAM) expression (CD56) in peripheral 
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Abstract: Neurolymphomatosis (NL) denotes the 
invasion of cranial nerves, nerve roots, plexus, or 
nerves by Non-Hodgkin lymphoma (NHL) or leu-
kaemia. This occurs in the absence (primary NL) 
or presence (primary NL) of systemic NHL. Clini-
cal patterns include a painful polyneuropathy or 
polyradiculopathy, cranial neuropathy, painless 
polyneuropathy, and peripheral mononeuropathy. 

Integration of clinical information, imaging fi nd-
ings, as well as histopathologic examination of 
involved nerves or non-neural tissue, and cere-
brospinal fl uid analysis are needed to establish 
the diagnosis. Timely recognition of the disease 
and its exact neuroanatomical extent is the ba-
sis for successful therapy using systemic chemo-
therapy and localized irradiation of bulky disease 

sites. More complex regimens are required when 
cerebrospinal fl uid and systemic disease sites are 
affected. Eur Assoc NeuroOncol Mag 2014; 4 
(2): 61–4.
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T-cell lymphoma [21]. Yet a role of CD56 in the targeting of 
peripheral neural structures could not be confi rmed [22]. Spe-
cifi c adhesion molecules as the basis for target organ selection 
in NL have yet to be identifi ed.

  Clinical Presentation

NL presents most commonly as a painful polyneuropathy or 
polyradiculopathy, followed by cranial neuropathy, painless 
polyneuropathy, and peripheral mononeuropathy. Nervous-
system involvement progresses over weeks to several months. 
A relapsing-remitting pattern of progression may be seen 
when the disease temporarily responds to empiric therapies 
for clinical diagnoses such as chronic infl ammatory demyeli-
nating polyneuropathy. At advanced disease stages, there is 
diffuse infi ltration of peripheral neural structures as well as 
CSF and the substance of brain and spinal cord [7, 14].

In patients presenting with painful polyneuropathy or poly-
radiculopathy, lumbosacral roots or nerves are more often af-
fl icted than cervical or thoracic ones. Neuropathic pain is fol-
lowed by an ascending sensorimotor polyradiculoneuropathy 
resulting in more or less symmetric paraparesis or quadripa-
resis. Other patterns of progression such as mononeuropathy 
multiplex or isolated plexopathies have been observed. The 
disease usually evolves over weeks to months but hyperacute 
variants reminiscent of Guillain-Barré syndrome have been 
described [11].

NL presenting as painless peripheral 
neuropathy is characterised by paresthe-
sias, numbness, and loss of deep-tendon 
stretch refl exes followed by weakness. 
Asymmetric or patchy onset or early 
proximal limb weakness refl ecting plex-
us invasion are rare.

In about 20 % of patients with NL, the 
early disease course is characterised by 
isolated cranial neuropathy [7]. Periph-
eral facial nerve weakness, sometimes 
bilateral or recurrent, abducens, oculo-
motor, trigeminal neuropathy (including 
tic doloreux), hearing loss, and preauric-
ular pain as well as vocal cord paralysis 
have been described.

Various mononeuropathies secondary to 
lymphomatous infi ltration have been re-
ported: sciatic, median, radial, and in-
tercostal. Patients present with motor or 
sensory defi cits, often in the absence of 
pain [7]. The mononeuropathy can re-
main isolated for months to years but 
the majority of patients develop more 
widespread lymphoma or have a history 
of prior systemic lymphoma.

  Diagnosis

The diagnostic gold standard for NL is 
histopathologic examination of an in-

volved nerve biopsy. NL is characterised by tumour cell infi l-
tration of endo- and perineurium. Tumour cells display B-cell-
associated surface antigens (CD19, CD20) and a high prolif-
erative index. However, the decision to biopsy a nerve or root 
does not come easily and the procedure is performed in less 
than half of patients. Thus, diagnosis often relies on integra-
tion of clinical information, imaging fi ndings, CSF analysis, 
and biopsy of non-neural tissue (for an example see Figure 
1). The diagnosis is often delayed, especially in the absence 
of systemic lymphoma. Not uncommonly, it is the response to 
empiric treatment (steroid therapy, intravenous immunoglob-
ulin, plasmapheresis) – or lack thereof – that may lead the cli-
nician to the correct diagnosis. The diagnosis remains elusive 
until autopsy in almost half the reported cases [7].

Magnetic resonance imaging is the most sensitive and specifi c 
non-invasive diagnostic tool. Nerves, roots, or plexus infi ltrat-
ed by NHL are enlarged and enhance after gadolinium admin-
istration (Figure 2A) [7, 14]. The radiographic differential di-
agnosis includes acute or chronic infl ammatory radiculoneu-
ropathies and tumours of the peripheral nerve sheath.

18-fl uorodeoxyglucose positron emission tomography is a 
useful adjunct to the diagnosis of NL and identifi cation of pos-
sible biopsy sites (Figure 2B) [3, 23–32].

CSF cytopathologic evaluation may be a useful diagnostic tool 
when NL is accompanied by meningeal dissemination (20–

Figure 1. A 54-year-old man with a history of mantle cell lymphoma presented with tingling along the palmar surface 
of his left thumb. Then the left thumb, fi rst and second digit started feeling “infl amed, swollen, about to explode”. 
The pain awakened him at night. At the same time, he felt a burning pain along the heel, lateral and anterior plantar 
surface of the right foot. Work-up revealed neurolymphomatosis. Multiple mass lesions were identifi ed within the 
peripheral nervous system including the left sciatic nerve ([a, b] 18-FDG-PET), the left median nerve (arrow head in 
[c]; axial T1-weighted MRI of the left forearm; note infi ltration of the fl exor musculature by tumour), right brachial 
plexus, right sciatic nerve, and left tibial nerve (not shown). Biopsy of the soft tissue mass in the right forearm 
revealed a mantle cell lymphoma.
R: radius; U: ulna
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40 % of patients) [7, 14]. The use of automated cell sorting 
and lymphocytic surface receptor gene rearrangement (im-
munoglobulin heavy chain gene, T-cell receptor gamma sub-
unit gene rearrangement analysis) for clonality assessment in-
creases the diagnostic sensitivity and specifi city [14].

  Treatment

The majority of patients with NL are treated with systemic 
chemotherapy alone or combined with intrathecal chemother-
apy or external beam radiotherapy [7, 14]. Therapy must ad-
dress both symptomatic and asymptomatic root and nerve in-
volvements, as well as the coexistent dissemination into brain 
parenchyma, CSF, and systemic sites. The biggest challenge is 
the distinction between NL and meningeal lymphomatosis or 
the recognition of their coexistence as neurologic syndromes 
largely overlap. Accurate staging is of utmost importance and 
the guidelines established for PCNSL should be followed (slit 
lamp examination of the eyes, contrast-enhanced MR images 
of brain and spine, CT scans of chest, abdomen, and pelvis, 
bone marrow aspiration and biopsy) [33].

Systemic chemotherapy is the most promising approach to 
NL as it is best suited to address the multiple sites of involve-
ment [7, 14]. Intravenous methotrexate in doses exceeding 
3.5 g / m2, either alone or in combination with other drugs, is 
provided as fi rst-line treatment for cases with isolated nerv-
ous-system involvement. Polychemotherapy regimens such as 
CHOP, MCHOD (methotrexate, cyclophosphamide, doxoru-
bicin, vincristine, dexamethasone), hyperCVAD (cyclophos-
phamide, doxorubicin, vincristine, dexamethasone alternating 
with methotrexate and cytarabine), VAC (vincristine, doxoru-
bicin, cyclophosphamide), ProMACE (procarbazine, metho-
trexate, doxorubicin, cyclophosphamide, etoposide)/Cytabom 
(cytarabine, bleomycin, vincristine, methotrexate), and oth-
ers are used for patients with concomitant systemic lympho-

ma. In the absence of systemic lymphoma, it is unclear wheth-
er polychemotherapy confers any survival benefi t to patients 
with NL compared to methotrexate monotherapy as has been 
demonstrated in cerebral parenchymal disease. It remains to 
be shown if the addition of rituximab improves treatment out-
comes in NL [3]. Intrathecal chemotherapy (methotrexate, 
cytarabine, rituximab) is used to eradicate leptomeningeal in-
volvement by lymphoma but it cannot suffi ciently treat nod-
ular root infi ltration. Its impact on treatment outcome is dif-
fi cult to ascertain. It may be dispensable in patients receiving 
high-dose methotrexate or cytarabine-based regimens. Mye-
loablative chemotherapy with autologous stem cell transplan-
tation is feasible and can be considered for consolidation in 
NL patients in complete remission after conventional chemo-
therapy.

Radiation therapy is provided either with curative intent or for 
palliation. As in systemic lymphoma, adjuvant radiotherapy 
may be particularly useful as localised consolidation of bulky 
disease.

Corticosteroids should be avoided prior to the diagnosis of NL 
since the lymphotoxic effects of these drugs may obscure the 
histopathologic fi ndings. Moreover, clinical benefi t from cor-
ticosteroid monotherapy is short-lived and disease progression 
is the rule, in spite of continuation of therapy or upon tapering.

Retrospective case series suggest response rates exceeding 
50 %, disease stabilisation in 25 %, and disease progression 
with initial therapy in the remainder [7, 8]. Given the selection 
bias in reporting single cases and lack of uniform response cri-
teria, the accuracy of these estimates is unclear.

Median overall survival of NL is 10 months from initial diag-
nosis. Patients with primary NL may have a more favourable 
outcome [7].

Figure 2. Magnetic resonance imaging shows a thickened and enhancing lower cervical nerve root in a patient with primary neurolymphomatosis ([a] T1-weighted sequence 
after administration of gadolinium). 18-Fluorodeoxyglucose positron emission tomography reveals increased tracer uptake within the affected nerve root ([b] arrow head).
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  Conclusion

Dissemination into the peripheral nervous system is an un-
common complication of NHL and acute leukaemia. Time-
ly diagnosis, preferably based on biopsy or CSF analysis, and 
suffi ciently thorough staging are prerequisites for successful 
therapy. Characteristic neuroimaging fi ndings may be suffi -
cient for diagnosis in secondary NL and for patients in whom 
tissue acquisition is not deemed possible. Treatment needs to 
address the often widespread dissemination of the disease. 
Most neuro-oncologists use intravenous chemotherapy regi-
mens including high-dose methotrexate or cytarabine. Patients 
with CSF involvement may benefi t from the addition of in-
trathecal chemotherapy. Adjuvant radiation is used for consol-
idation of bulky disease. Primary NL carries a worse progno-
sis than cerebral parenchymal lymphoma, likely a function of 
diagnostic delay and suboptimal drug penetrance through the 
blood-nerve barrier. There remains a need for improvement of 
diagnostic tools and novel therapeutic strategies.
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