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INVITED REVIEW ABSTRACT: Tumor necrosis factor (TNF)-� plays an important role in
many aspects of immune system development, immune-response regula-
tion, and T-cell–mediated tissue injury. The evidence that TNF-�, released
by autoreactive T cells and macrophages, may contribute to the pathogen-
esis of immune-mediated demyelinating neuropathies is reviewed. TNF-�
antagonists (infliximab, etanercept, adalimumab) are indicated for the treat-
ment of advanced inflammatory rheumatic and bowel disease, but these
drugs can induce a range of autoimmune diseases that also attack the
central and peripheral nervous systems. Case histories and series report on
the association between anti–TNF-� treatment and various disorders of
peripheral nerve such as Guillain–Barré syndrome, Miller Fisher syndrome,
chronic inflammatory demyelinating polyneuropathy, multifocal motor neu-
ropathy with conduction block, mononeuropathy multiplex, and axonal sen-
sorimotor polyneuropathies. The proposed pathogeneses of TNF-�–associ-
ated neuropathies include both a T-cell and humoral immune attack against
peripheral nerve myelin, vasculitis-induced nerve ischemia, and inhibition of
signaling support for axons. Most neuropathies improve over a period of
months by withdrawal of the TNF-� antagonist, with or without additional
immune-modulating treatment. Preliminary observations suggest that TNF-�
antagonists may be useful as an antigen-nonspecific treatment approach to
immune-mediated neuropathies in patients with a poor response to, or
intolerance of, standard therapies, but further studies are required.
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Cytokines are biologically active polypeptides re-
leased at sites of inflammation by a variety of cell
types, ranging from T cells and macrophages to
fibroblasts and astrocytes. Cytokines have stimulatory
or inhibitory effects on the immune system, and can
either synergize with one another or act antagonis-
tically. Usually, there follows a cascade of cytokine
secretion within the microenvironment of the re-
sponding T cells, so that one cytokine triggers the
release of the next cytokine. Thus, responses of T
cells are the result of the net effects of often antag-

onistic and competing cytokines released in the
same microenvironment.5,49

Tumor necrosis factor (TNF)-� plays an impor-
tant role in many aspects of immune system devel-
opment, immune-response regulation, and T-cell–
mediated tissue injury.13,38,60 TNF-� is a cytokine
with both pro-inflammatory and immunoregulatory
properties and is involved in normal inflammation
and immune responses. TNF-� is an important
growth factor for prothymocytes and thymocytes,
and thereby influences the generation of the T-cell
repertoire.60 In the peripheral immune system,
TNF-� plays important roles in antigen-presenting
cell function, and in regulating apoptosis of poten-
tially autoreactive T cells.13,14

Two distinct receptors for TNF-� (p55 and p75)
exist naturally as monomeric molecules on cell sur-
faces and in soluble forms. Biological activity of
TNF-� is dependent upon binding to either cell
surface receptor. The biological responses that are
induced or regulated by TNF-� include expression
of adhesion molecules responsible for leukocyte mi-

Abbreviations: CIDP, chronic inflammatory demyelinating polyradiculoneu-
ropathy; EMG, electromyography; GBS, Guillain–Barré syndrome; ICAM-1,
intracellular cell adhesion molecule; IFN-�, interferon-gamma; IL-2, interleu-
kin-2; IVIg, intravenous immunoglobulin; MCP-1, monocyte chemotactic pro-
tein-1; MFS, Miller Fisher syndrome; MHC, major histocompatibility complex;
MMN, multifocal motor neuropathy (with conduction block); RA, rheumatoid
arthritis; TNF-�, tumor necrosis factor-alpha; VCAM-1, vascular cell adhesion
molecule
Key words: neuropathy; TNF-�; TNF-� antagonists
Correspondence to: J.-P. Stübgen; e-mail: pstuebge@med.cornell.edu

© 2007 Wiley Periodicals, Inc.
Published online 26 November 2007 in Wiley InterScience (www.interscience.
wiley.com). DOI 10.1002/mus.20924
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gration [i.e., E-selectin, intercellular adhesion mole-
cule-1 (ICAM-1), and vascular cell adhesion mole-
cule (VCAM-1)], chemoattraction [interleukin-8
(IL-8) and monocyte chemotactic protein (MCP-1)],
and tissue degradation [matrix metalloproteinase
(MMP) 1 and 3, and stromelysin].19,30,49

TNF-� IN INFLAMMATORY NEUROPATHIES

An important step in the pathogenesis of inflamma-
tory demyelination is the invasion of the peripheral
nervous system by activated, circulating, autoreactive
T cells (Fig. 1).36 Homing and transmigration of
these cells depend on the interaction of adhesion
molecules, chemokines, and metalloproteinases.35,37

These neural antigen–specific T lymphocytes are lo-
cally reactivated, expand clonally, and release cyto-
kines to orchestrate the subsequent immune re-

sponse. TNF-� is released by these T cells or
macrophages and acts at several stages in the devel-
opment of inflammatory demyelination.26

TNF-� can synergize with interferon-� to upregu-
late the expression of recognition molecules [major
histocompatibility complex (MHC) class II gene
products and adhesion molecules] on antigen-pre-
senting cells (macrophages and other accessory
cells).4,87 Thereby TNF-� facilitates the initiation of a
local immune reaction within the peripheral nerve.
This cytokine exerts cytotoxic damage on vascular
endothelium and a breakdown of the blood–nerve
barrier that results in increased vascular permeabil-
ity,56,69 which facilitates access to the nerve microen-
vironment of circulating factors such as immuno-
globulins, cytokines, and complement.27,84 TNF-�
can stimulate local macrophages to enhance phago-

FIGURE 1. Schematic representation of the basic principles of the cellular immune response of inflammatory neuropathy36: autoreactive
T cells (T) recognize a specific autoantigen presented by major histocompatibility complex (MHC) class II molecules and the simultaneous
delivery of costimulatory signals on the cell surface of antigen-presenting cells, such as macrophages (M�), in the systemic immune
compartment. Activated T lymphocytes then cross the blood–nerve barrier (BNB) to enter the peripheral nervous system (PNS). Here, T
cells activate macrophages that enhance phagocytic activity, production of cytokines, and the release of toxic molecules, such as nitric
oxide (NO), matrix metalloproteinases (MMPs), and pro-inflammatory cytokines, promoting demyelination and axon loss. The termination
of the inflammatory response is facilitated, in part, by macrophages that induce T-cell apoptosis and release of anti-inflammatory Th2/Th3
cytokines, such as interleukin-10 (IL-10) and transforming growth factor-� (TGF�). Reproduced from Kieseier et al.36
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cytosis and to release potentially injurious inflamma-
tory mediators such as reactive oxygen and nitrogen
oxide metabolites, complement, and proteases.36

Based on its myelinotoxic properties, TNF-� may
represent a major noxious molecule by which mac-
rophages, the chief effector cells of the immune
response in Guillain–Barré syndrome (GBS), dam-
age peripheral nerve.26 TNF-� also causes selective
cytotoxic damage to Schwann cells and myelin
sheaths.24,67 This inflammatory mediator could,
short of inciting tissue damage, cause physiological
changes by interfering with impulse propagation
through changes in ionic channel expression.8

Clinically, a pro-inflammatory role for TNF-� is
supported by an elevated serum level in 27%–63% of
patients with GBS, in 25%–57% of patients with
chronic inflammatory demyelinating polyneurop-
athy (CIDP), and in 68% of patients with multifocal
motor neuropathy (MMN).16,47,72,80,91 Serum levels
correlated with disease and electrophysiological se-
verity in some studies, and decreased after immune
therapy and in parallel with the clinical recovery of
patients.47,70,72 In GBS, this decrease occurred with a
concomitant increase of soluble TNF receptors and
IL-10, suggesting that the downregulation of pro-
inflammatory cytokine production is associated with
an increased anti-inflammatory response.71 This
temporal association points toward the relevance of
TNF-� in peripheral nerve demyelination in GBS/
CIDP.26 However, it has not been determined
whether the serum soluble TNF-� concentration re-
flects the activity of this cytokine in the nerve micro-
environment.

By contrast, in a study of MMN, serum TNF-�
levels increased transiently with clinical improve-
ment after each intravenous infusion of immuno-
globulins (IVIg).80 This increase may reflect an IVIg-
induced shift from a presumed dominant anti-
inflammatory antibody-mediated immune response
toward a pro-inflammatory immune response. How-
ever, the pathogenetic relevance of TNF-� in MMN
is unclear.

In patients with CIDP, high serum TNF-� levels
correlated with electrophysiological evidence of de-
myelination diffusely distributed along the nerves. It
was proposed that TNF-� disrupted the blood–nerve
barrier and thus promoted demyelination in the
intermediate nerve segments.47

Furthermore, nerve biopsies of patients with
CIDP showed that reactivated T lymphocytes exerted
various effects by generating and releasing differen-
tiation and proliferation signals, such as TNF-� and
IFN-�, or IL-2.43 Yet, it remains unproven that TNF-�
is directly involved in the pathogenesis of CIDP, and

this cytokine may merely be the result of activation of
the immune system.47

Experimental data demonstrated that intraneu-
ral injection of TNF-� produced predominantly ax-
onal damage of sciatic nerve in mice.63 An immuno-
cytochemical study in experimental autoimmune
neuritis (EAN) showed that TNF-�–positive macro-
phages appear in nerve around the time of first
clinical signs.78 As animals recovered, TNF-� immu-
noreactivity was no longer detectable. When animals
with EAN received neutralizing monoclonal anti-
body to TNF-�, inflammatory demyelination was
greatly diminished, and Schwann-cell apoptosis was
reduced.89

TNF-� may also be important in the development
of pain states.88 Experimental application of TNF-�
to nerves increased the background activity of C and
A-� fibers, and was noted to lower withdrawal laten-
cies to mechanical and thermal noxious stimuli.77

Furthermore, anti–TNF-� neutralizing antibodies
were observed to reduce thermal hyperalgesia and
mechanical allodynia in two murine models of pain-
ful neuropathy.76

INDICATIONS FOR THE USE OF TNF-� ANTAGONISTS

Elevated levels of TNF-� were detected in involved
tissues and fluids of patients with various immune
diseases.38 TNF-� inhibition represents a significant
advance in the treatment of rheumatoid arthritis
(RA), and is useful in the treatment of ankylosing
spondylitis and psoriatic arthritis, as well as Crohn’s
disease and ulcerative colitis.1,20,25,64

TNF-� blockers are indicated for: (1) reducing
the symptoms and signs, improving physical func-
tion, and inhibiting the progression of structural
joint damage in patients with moderate to severely
active RA or psoriatic arthritis; (2) reducing symp-
toms and signs in patients with active ankylosing
spondylitis; (3) reducing symptoms and signs, and
inducing and maintaining clinical remission in
adults and children with moderate to severely active
Crohn’s disease who have had an inadequate re-
sponse to conventional therapy; (4) reducing the
number of draining enterocutaneous and rectovagi-
nal fistulas and maintaining fistula closure in adults
with fistulating Crohn’s disease; and (5) reducing
symptoms and signs, achieving clinical remission and
mucosal healing, and eliminating corticosteroid use
in patients with moderate to severe active ulcerative
colitis who have had an inadequate response to con-
ventional therapy.1,19,30,57
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DRUG DESCRIPTION

Two classes of TNF antagonists are currently com-
mercially available: soluble TNF receptor–Fc fusion
proteins (etanercept) and anti-TNF monoclonal an-
tibodies (infliximab and adalimumab). A schematic
representation of the action of the drugs is depicted
in Figures 2 and 3.

Infliximab (Remicade) is a chimeric IgG1-�
monoclonal antibody composed of human constant
and murine variable regions.57 Infliximab is pro-
duced by a recombinant cell line cultured by contin-
uous perfusion, and is purified by steps that remove
and inactivate the virus. The molecular weight of the
drug is about 149 kDa. Infliximab neutralizes the
biological activity of TNF-� by binding with the sol-
uble and transmembrane forms of TNF-� and
thereby inhibits binding of TNF-� with its receptors.

Etanercept (Enbrel) is a soluble, dimeric fusion
protein consisting of the extracellular ligand portion
of the human p75 TNF receptor linked to the Fc
portion of human IgG1.19 The drug is manufactured
by recombinant DNA technology in a Chinese ham-
ster ovary mammalian-cell expression system. It con-
sists of 934 amino acids with an approximate molec-
ular weight of 150 kDa. Etanercept inhibits binding
of both TNF-� and TNF-� (lymphotoxin �) to cell
surface TNF receptors, rendering TNF biologically
inactive. The drug can also modulate biological re-
sponses that are induced or regulated by TNF-�.

Adalimumab (Humira) is a recombinant human
IgG1 monoclonal antibody specific for human TNF-

FIGURE 2. Schematic representation summarizing similarities
and differences between infliximab, etanercept, and adalimumab.
Infliximab has mouse variable regions (purple) on both heavy and
light chains linked to IgG1 constant regions (light blue). Etaner-
cept contains the extracellular domain of human p75 TNF recep-
tor (dark blue) and human IgG hinge and Fc domains (light blue).
Adalimumab is a purely human recombinant IgG1 antibody (light
blue). Multiple molecules of infliximab or adalimumab can bind a
TNF trimer (yellow), but only one etanercept molecule binds TNF.

FIGURE 3. Schematic illustration depicting infliximab, etanercept, and adalimumab binding to cell-surface transmembrane (tm) TNF.
Each molecule of infliximab or adalimumab may bind more than one molecule of monomeric or trimeric tmTNF; each tmTNF trimer can
bind multiple molecules of infliximab or adalimumab. Etanercept probably binds to a single tmTNF, leaving one receptor binding site free.
The variable region of infliximab is indicated in purple. The p75 TNF receptor portion of etanercept is indicated in dark blue. Both the heavy
and light chains of human IgG1� constant regions (infliximab), the human IgG1 hinge and Fc domains (etanercept), and the purely human
recombinant IgG1 (adalimumab) are shown in light blue. tmTNF is shown in yellow.
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�.30 The drug was developed using phage display
technology resulting in an antibody with human de-
rived heavy- and light-chain variable regions and
human IgG-1� constant regions. The drug is pro-
duced by recombinant DNA technology in a mam-
malian-cell expression system and is purified by a
process that includes specific viral inactivation and
removal steps. It consists of 1330 amino acids and
has a molecular weight of approximately 148 kDa.
Adalimumab binds specifically with TNF-� and
blocks its interaction with the p55 and p75 cell sur-
face TNF receptors, and thereby modulates biologi-
cal responses that are induced or modulated by
TNF-�.

DEFINITION OF DRUG-INDUCED ILLNESS

Reports in the literature associate anti–TNF-� ther-
apy with a variety of autoimmune diseases (systemic
lupus erythematosus, a lupus-like syndrome, princi-

pally cutaneous vasculitis, and interstitial lung dis-
ease), central nervous system demyelinating disease,
and peripheral neuropathy syndromes.48,55,60,74

According to proposed criteria,46 an illness (e.g.,
neuropathy) can be considered as drug-induced
based on: (1) temporal association (manifestations
of the illness occur after exposure and at a tempo
consistent with the biological effects, mechanisms of
action, and pharmacology of the exposure); (2) lack
of likely alternative explanations; (3) stabilization/
improvement of defining aspects of the disorder by
interrupting exposure to the presumed inciting
agent (more accurately, without addition of specific
therapies); (4) rechallenge (reappearance/exacer-
bation of disorder after re-exposure to the inciting
agent); (5) biological plausibility (the disorder is
plausible based on known in vivo/in vitro mecha-
nism of drug action); (6) analogy (similar disorders
reported after similar exposure, e.g., central nervous

FIGURE 4. Schematic representation of the principles of the humoral immune response in inflammatory neuropathy36: autoantibodies
(Abs), crossing the blood–nerve barrier (BNB) or produced locally by B cells, contribute to the process of demyelination and axonal injury.
Antibodies can promote demyelination by: (1) antibody-dependent cellular cytotoxicity (ADCC); (2) blocking functionally relevant epitopes
for nerve conduction; and (3) activating the complement system by the classic pathway, yielding pro-inflammatory mediators and the lytic
5b-9 terminal complex. Reproduced from Kieseier et al.36
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system demyelination during anti–TNF-� therapy);
(7) dose responsiveness (total dose of exposure re-
lated to development or severity of the disorder);
and (8) specificity (manifestations of illness are the
same or similar to previous cases exposed to the
same drug or agent).

To report findings of a possible causal relation-
ship between exposure and a clinical syndrome, at
least 4 of the 8 attribution elements should be
present. Based on these criteria, this report reviews
only cases of peripheral neuropathy with a presumed
association with TNF-� antagonism.

PERIPHERAL NEUROPATHY ASSOCIATED WITH
TNF-� ANTAGONISTS

Guillain–Barré Syndrome. A postmarketing data-
base, Adverse Event Reporting System (U.S. Food
and Drug Administration), reported on 15 patients
diagnosed with GBS in temporal association with
TNF-� antagonist therapy (9 patients received inflix-
imab, 5 received etanercept, and 1 received adali-
mumab).73 Electrodiagnostic studies (9 patients)
were compatible with a peripheral demyelinating
process. The interval was 6 weeks to 2 years between
the start of drug infusion and onset of GBS. Re-
ported antecedent events that may have played a role
in the development of GBS included upper respira-
tory tract infections (3 patients), flu-like illness (2
patients), flu vaccine (1 patient), and fever of unde-
termined cause (2 patients). Possibly, therapy with
TNF antagonists unmasked a latent infection or
made patients susceptible to infection, thereby ag-
gravating or inciting an autoimmune demyelinating
process.60 Weakness evolved to an areflexic quadri-
plegia in 1 patient; 2 other patients required me-
chanical ventilation. Due to the limited information
in some of the reports, it was unclear whether the
resolution rates and outcome of postmarketing cases
was different from other GBS cohorts. Furthermore,
due to known underreporting in a postmarketing
surveillance system, it is not certain whether the
incidence of GBS during anti–TNF-� treatment is
different from that in the general population.

Miller Fisher Syndrome. A patient developed a pro-
gressively worsening, relapsing–remitting ataxia and
dysarthria that evolved into the Miller Fisher syn-
drome (ataxia, bifacial and bulbar palsies, partial
ophthalmoplegia with nystagmus, areflexic flaccid
quadriplegia) over 6 months while he received three
successive infusions of infliximab.73 The serum
GQ1b antibody titer was normal (�1:100). With im-

munomodulatory treatment, the patient recovered
to unassisted ambulation over a period of months.

Chronic Inflammatory Demyelinating Polyradiculoneu-

ropathy. Neurological symptoms and signs and
electrophysiological studies compatible with CIDP
were reported in 2 patients treated for variable
months with etanercept or infliximab.3,59,66 Findings
on nerve conduction studies suggested a demyelinat-
ing process and included conduction slowing, tem-
poral dispersion of action potentials, and conduc-
tion block. Elevated serum anti-ganglioside (GM1
and GM2) IgM antibodies implicated a humoral
component to the immune attack against myelin.
The neuropathy improved after withdrawal of the
drugs.

Another patient was treated with infliximab and
developed a polyneuropathy with electrophysiologi-
cal features of demyelination; her clinical response
to IVIg was delayed, so that she deteriorated over 6
months before showing improvement.31 A sural
nerve biopsy showed a disproportionate number of
thinly myelinated fibers, mild axonal loss, a single
onion bulb, and a single focus of perivascular mono-
nuclear cells, but no active axonal regeneration,
amyloid, or endoneural inflammation.

The author investigated a patient with psoriatic
arthritis who developed over several weeks a radial
nerve palsy followed by an asymmetric motor poly-
neuropathy of the legs and trigeminal sensory neu-
ropathy 4 weeks after the last of 10 infusions with
infliximab (with a dosing schedule of 5 mg/kg every
8 weeks to 7 mg/kg every 5 weeks). Nerve studies
showed a multifocal, predominantly motor, demyeli-
nating polyneuropathy, without electromyographic
evidence of denervation. Serum titers of co-asialo-
GM1 autoantibodies were elevated (1:51,200), with
normal titers against other monogangliosides, sul-
fatides, and myelin-associated glycoproteins. The pa-
tient improved slowly over a follow-up period of 9
months, and antibody titers normalized, after with-
drawal of infliximab and several monthly courses of
IVIg.

Multifocal Motor Neuropathy with Conduction Block.

There are case reports of multifocal motor neurop-
athies with conduction block following treatment
with infliximab.12,62,75,81 Patients developed asym-
metric, progressive weakness; in 1 patient, weakness
was reported to evolve over a relatively rapid 2-week
period. Electrophysiological studies revealed con-
duction blocks of various motor nerves, with normal
sensory nerve studies. There may be electromyo-
graphic evidence of an axonal component to this
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neuropathy.75 Serum anti-ganglioside (GM1) IgM
antibody titers of patients were either elevated, nor-
mal, or not reported.

Mononeuropathy Simplex or Multiplex. A patient was
reported with only sensory symptoms in a superficial
peroneal nerve distribution after treatment with in-
fliximab for 10 months.58 Electrophysiological stud-
ies confirmed an isolated peroneal neuropathy. Mus-
cle biopsy showed Wallerian-like degeneration and
mild neurogenic atrophy with no myelinated nerve
fiber loss. An arteriole showed periarterial inflamma-
tory infiltrate with partial obliteration of the lumen
by fibrinoid necrosis. Another patient with symp-
toms of a sensory mononeuropathy multiplex suf-
fered an extension of her neuropathic symptoms
within hours after a first infliximab infusion.58 Neu-
romuscular biopsy showed a necrotizing vasculitis. A
third patient had a transient ulnar sensory neurop-
athy followed 3 weeks later by a femoral neuropathy
(12 weeks after remission of rheumatoid arthritis was
induced by multiple infliximab infusions).32 Nerve
conduction studies showed an “acute” femoral nerve
lesion.

Axonal Sensory or Sensorimotor Polyneuropathy. A
patient treated with infliximab developed within
months a small-fiber (painful) sensory symmetrical
polyneuropathy (with normal electrophysiological
studies).31 Two other patients developed a large-
fiber sensorimotor polyneuropathy (mild decline of
motor conduction velocities, loss of sensory nerve
action potentials, and electromyographic evidence
of denervation in the legs).31,81 The mechanism of
nerve injury was a proposed “dying-back” neuro-
pathic process.

PATHOGENESIS

Guillain–Barré Syndrome and Miller Fisher Syndrome.

GBS comprises a heterogeneous group of conditions
defined by varying clinical, electrophysiological, and
pathological features.28,86 GBS can be considered an
organ-specific immune-mediated disorder due to the
synergistic interaction of cell-mediated and humoral
immune responses to still incompletely character-
ized peripheral nerve antigens.73 The details of the
pathogenesis of immune-mediated disorders of the
peripheral nervous system were recently summarized
elsewhere.36

TNF-� probably has a pro-inflammatory function
in the pathogenesis of GBS (serum levels correlate
with disease activity and severity).72 TNF-� also has
immunoregulatory functions. It suppresses T-cell re-

activity to autoantigens in animal models of autoim-
munity.13 TNF-� deficiency leads to failed regression
of myelin-specific T-cell reactivity and prolonged sur-
vival of activated T cells.34,40 When endogenous
TNF-� is blocked by repeated injections of a TNF-�
antagonist, T-cell-proliferative responses and cyto-
kine production are enhanced. The prolonged ad-
ministration of TNF-� antagonists is thought to en-
hance autoimmune responses by altering antigen-
presenting cell function, potentiating T-cell receptor
signaling, and decreasing apoptosis of autoreactive T
cells.14 A systemically administered TNF-� antagonist
potentially could enter the peripheral nervous sys-
tem at the roots and motor nerve terminals, where
the blood–nerve barrier is absent or relatively defi-
cient. If this occurs, TNF-� within the peripheral
nervous system compartment is neutralized or re-
duced.

Too little TNF-� may augment or prolong the
myelin-specific T-cell response and increases the risk
of developing or prolonging an immune-mediated
neuropathy.84 Therefore, TNF-� antagonist therapy
could promote the development of GBS/MFS by
augmenting the number of activated peripheral T
cells, or by disturbing the intrinsic balance of TNF-�
and its receptors in the local peripheral nervous
system compartment. These factors, alone or in com-
bination, could induce the clinical expression of
GBS in immunogenetically susceptible patients.73

Chronic Inflammatory Demyelinating Polyradiculoneu-

ropathy. The presence of inflammatory infiltrates
in the affected nerve suggests that disordered cellu-
lar immunity is involved in the pathogenesis of
CIDP.22,83 A humoral role in the etiology has been
attributed to antibodies, particularly anti-myelin and
anti–Schwann-cell autoantibodies89,90 (Fig. 3).
Emerging evidence points to gangliosides and other
glycolipids as putative target antigens.45 The low fre-
quency of specific antibodies observed in patients
makes it likely that different antibodies and separate
mechanisms are involved in different patients.54 A
humoral immune component to the pathogenesis of
CIDP associated with TNF-� blockade was supported
in 2 patients by the presence of serum anti-ganglio-
side GM1 and GM2 IgM antibodies.59 Anti–TNF-�
treatment probably induced a specific autoimmune
response by increasing the number and activity of
autoreactive T cells, thereby disturbing the equilib-
rium of the immune system, and thus provoked or
exacerbated any deleterious pro-inflammatory and
tissue damaging activities.52

In our patient with co-asialo-GM1–mediated,
multifocal, predominantly demyelinating polyneu-
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ropathy, the presumed pathogenesis was also an
epitope-specific humoral immune attack against pe-
ripheral nerve myelin due to drug-induced immune
system disequilibrium.

As the detected serum autoantibodies in reports
are directed against different myelin components, it
is likely that these demyelinating neuropathies result
from a drug-induced nonspecific immune dysregu-
lation and not from an attack against a cross-reacting
epitope shared by a drug and a particular peripheral
nerve antigen.

Multifocal Motor Neuropathy with Conduction Block.

MMN is a well-defined purely motor polyneuropathy
characterized by the insidious progression of asym-
metric weakness that develops over months to years,
with symptoms sometimes persisting for decades be-
fore diagnosis.34,85 Diagnostic features include the
presence of multifocal partial motor conduction
blocks, frequent association with anti-GM1 IgM an-
tibodies, and usually a good response to IVIg treat-
ment.53,85

Issues that remain to be clarified include the
pathogenesis (including the role of anti-GM antibod-
ies), its nosological position and relation to other
chronic dysimmune neuropathies, and the existence
of an axonal form of MMN. The current concepts
and controversies pertaining to MMN were recently
reviewed elsewhere.51

An autoimmune etiology is supported by patho-
logical findings of immunoglobulin deposition and
inflammatory demyelination in motor roots (autopsy
case)52; perivascular demyelination (motor nerve bi-
opsy)33 and sensory nerve biopsies showed minimal
involvement and no inflammatory changes.15 Anti-
bodies directed against gangliosides are a marker of
humoral immune involvement and may be patho-
genic. High serum titers against GM1 (located at the
axonal surface near the nodes of Ranvier) were
found in 50% of all patients50,79; other patients car-
ried antibodies to GD1a.9 The role of cellular immu-
nity remains unclear. Response to immunomodula-
tory treatment provides strong support for the
autoimmune nature of MMN.36

Based on this information, an immune mecha-
nism was presumed in case reports of MMN tempo-
rally associated with TNF-� blockade. However, this
association gives no further insight into the etiology
of MMN or the mechanism whereby TNF-� inhibi-
tion triggers the immune attack. Alternatively, a pos-
sible ischemic mechanism was proposed for these
“atypical” cases of MMN after infliximab treatment,6
based on: (1) the relatively rapid progression of the
neuropathy75; (2) the presence of cryoglobulins in a

case report62; (3) inconsistent presence of serum
anti-GM1 antibodies; (4) the additional axonal elec-
trodiagnostic features75; and (5) the report of con-
duction block as a transient electrophysiological
phenomenon at focal regions of axonal ischemia in
vasculitic mononeuropathy multiplex, indicating
that it is not synonymous with primary demyelina-
tion.44,65

Mononeuropathy Simplex or Multiplex. Neuromuscu-
lar biopsies showed necrotizing vasculitis.58 The tem-
poral relationship between initiation of infliximab
therapy and onset or progression of vasculitis sug-
gests that TNF-� inhibition triggered or exacerbated
vessel inflammation.

Autoimmune-like adverse events of the TNF-�
blockers include leukocytoclastic vasculitis.22,32,41

Proposed mechanisms whereby TNF-� inhibitors
promote (rheumatoid) vasculitis include: (1) devel-
opment of anti-drug or autoantibodies during
TNF-� blockade that form immune complexes that
deposit in the walls of small blood vessels to activate
complement and trigger a type III hypersensitivity
reaction; (2) changes in T-cell cytokine production;
(3) elevation of nuclear antigen levels in the blood
due to increased apoptosis of cells targeted by TNF-�
inhibitors; or (4) an increase in the immunogenic
load due to downregulation of C-reactive protein by
TNF-� inhibitors.17,32

Axonal Sensory or Sensorimotor Polyneuropathy. It
has been suggested that constitutive TNF-� provides
ongoing signaling support to peripheral neurons.31

Sequestration of TNF-� with inhibitors interrupts
such transport to cause a “dying-back” type of axonal
neuropathy. Although TNF-� may promote tissue
regeneration in certain tissues (e.g., liver),18 it has
no known regenerative effects in the central nervous
system (CNS); it appears directly toxic to oligoden-
drocytes, and promotes demyelination.42,67

DOSE

In different case reports, the timing of onset of
neuropathy relative to the TNF-� inhibitor infusions
varied considerably. Neuropathy started to worsen 8
hours after the first infusion (sensory mononeuropa-
thy evolved to a sensory mononeuropathy multi-
plex),58 although onset of neuropathy started as late
as 4 weeks after the third infusion (axonal sensory
polyneuropathy).81

The total duration of treatment before the onset
of neuropathy varied from day 0 of the first infusion
(sensory mononeuropathy multiplex)58 to 2 years
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(patients with GBS or MMN with conduction
block).73,75 The reported infusion doses for inflix-
imab were mostly at the standard recommended 3 or
5 mg/kg, but 1 patient was treated with 10 mg/kg.32

The infusion schedule in patients who developed
neuropathy varied from the standard induction reg-
imen (weeks 0, 2, 6, and 14) to an interval of many
months (e.g., four infusions in 2 years).73 The total
number of infusions before onset of neuropathy
varied from 1 to 12.58,73 The total dose administered
before developing a neuropathy was not always re-
ported, but varied from 540 to 1400 mg.31 In some
case histories, the total exposure could not be ascer-
tained as patients’ weights were not given.

TREATMENT AND PROGNOSIS

Withdrawal of Medication. On the assumption that
TNF-� blockade triggered an immune attack against
peripheral nerves, medication was discontinued in
all the cases reported. Patients with CIDP,59 MMN,12

and axonal sensory and sensorimotor neuropathies
improved spontaneously over follow-up periods of
up to 9 months.31 Therefore, medication withdrawal
is a prudent first step in the management of patients
with suspected drug-induced neuropathy.

Corticosteroids. Intravenous methylprednisolone
alone seemed insufficient as treatment for GBS,73

MFS,73 MMN,75 and vasculitic mononeuropathy mul-
tiplex32,58 associaed with a TNF-� antagonist. Subse-
quent or concurrent treatment with intravenous cy-
clophosphamide or IVIg led to an improvement of
neuropathy over follow-up periods of up to 9
months.

IVIg. According to established practice parameters,
patients with GBS were treated with IVIg during the
acute phase of the illness (11 of 14 cases; 2 not
reported).29,73 The clinical outcome of patients var-
ied from complete resolution of neurological deficits
(within 3 weeks) to treatment unresponsiveness (fol-
low-up period of up to 9 months). One patient with
MFS was treated with IVIg, and recovered over 6
months from a flaccid quadriplegia to unassisted
ambulation.

73

Due to incomplete reporting of patient
outcome, it is not clear whether the resolution rates
or recovery of GBS associated with TNF-� blockade is
different from GBS that occurs in the general pop-
ulation.73

Maintenance infusions with IVIg for as long as 35
months resulted in improvement or recovery of neu-
rological deficits in CIDP (1 patient),31 MMN (2
patients),12,62 and axonal sensory polyneuropathy (1

patient).81 However, based only on these case re-
ports, it is not possible to conclude that IVIg defin-
itively facilitated recovery.

Plasmapheresis. Three patients with GBS associ-
ated with TNF-� antagonists were treated with plas-
mapheresis alone, or with subsequent IVIg, so that
neurological deficits partially resolved over follow-up
periods ranging from 1 week to 9 months.73

The prognosis of neuropathies appears generally
favorable, so that most patients clinically improve by
merely withdrawing the culprit drug. From previous
case reports, it is not clear that immunomodulatory
treatment is necessary or beneficial, except in pa-
tients with GBS and MFS, where IVIg or plasma-
pheresis remain the standard practice of care.29

RE-EXPOSURE

A patient developed worsening ataxia and dysarthria
3–4 weeks after each of three infliximab infusions,
and evolved into severe MFS over the course of 6
months.73 The neurological deficits improved after
each exacerbation, either spontaneously or with
methylprednisolone or IVIg.

Two patients with partially resolved GBS had re-
currence of disease after each of repeated infliximab
infusions. Two patients who recovered from GBS
suffered no recurrence after rechallenge at 1 month
(with infliximab) and 3 months (with etanercept),
respectively.

73

Another patient with a remote history
of GBS (not drug-related) developed infliximab-as-
sociated GBS 3 months after onset of treatment.
After IVIg, the patient recovered fully by 3 weeks,
and was subsequently successfully rechallenged with
lower dose infliximab at 3-month intervals.11

With such limited reporting, no definitive con-
clusion can be drawn about the safety of TNF-�-
blocker rechallenge once patients develop a neurop-
athy. Conceivably, lower drug doses could effectively
treat the underlying inflammatory disease without
altering the immune system enough to elicit a neu-
ropathy.11

TREATMENT OF NEUROPATHY WITH TNF-�
BLOCKADE

Preliminary observations of a single retrospective,
uncontrolled study suggested possible efficacy of et-
anercept treatment in selected patients with CIDP,
or its variants, who were refractory to or intolerant of
conventional therapies such as IVIg, plasmapheresis,
or corticosteroids.10,39 Patients received a standard
dose of etanercept at 25 mg subcutaneously twice
weekly. Of 10 patients treated, 3 had significant im-
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provement and 3 others had possible improvement
as assessed by manual muscle strength testing, sen-
sory thresholds, and functional disabilities 4–6
months after starting treatment. One patient had
complete resolution of weakness, another was able to
discontinue prednisone, and another temporarily re-
lapsed when etanercept was transiently withdrawn.
Any benefit of treatment with etanercept was prob-
ably mediated by inhibition of the pro-inflammatory
role of TNF-� in the pathogenesis of inflammatory
demyelination neuropathies.26,27 By modulating cy-
tokine activity, TNF-� antagonists have potential as
an antigen-nonspecific treatment approach to in-
flammatory demyelination of the central and periph-
eral nervous systems. Targeted treatment is not yet
feasible as there remains uncertainty about the rel-
evant autoantigens in these conditions.26

This study has some limitations. An assessment of
the full potential of anti–TNF-� treatment of im-
mune-mediated neuropathies warrants a prospec-
tive, controlled, double-blind clinical trial not lim-
ited to patients who fail presently accepted standard
treatment regimens.

In one case report, mononeuropathy multiplex
(demyelinating and axonal) complicated active
Crohn’s disease and was treated with a series of
infliximab infusions.61 The manifestations of neu-
ropathy improved clinically after the first infusion,
and after 22 weeks the electrophysiological studies
returned to normal. The investigators were careful
to suggest TNF-� blockade as a possible treatment
option for patients with extraintestinal manifesta-
tions of inflammatory bowel disease. Moreover, a
patient with rheumatoid vasculitis developed a pre-
sumed ischemic mononeuropathy of a common per-
oneal nerve, resistant to six infusions with cyclophos-
phamide and high-dose oral steroids, which resolved
after six infusions of infliximab.2 This and other case
reports and uncontrolled studies suggested that an-
ti–TNF-� treatment is effective in the treatment of
various types of systemic vasculitis. However, vasculi-
tis is the most common autoimmune disease trig-
gered by TNF-targeted therapies,21,55 so that treat-
ment with these agents should probably be restricted
to patients with vasculitis refractory to steroids and
immunosuppressant agents.23 Meanwhile, one ran-
domized, placebo-controlled trial showed no benefit
of etanercept treatment for Wegener’s granuloma-
tosis.82 Any benefits of TNF-� blockade will have to
be weighed against the relatively mild drug side ef-
fects such as injection-site reactions (37%), upper
respiratory tract infections (29%), and headache
(17%),68 as well as the long-term safety concern of

developing autoimmune processes (233 cases in 1
million patients treated).7,55

The author thanks Ray Heslip, Centocor, for the artistic repre-
sentations of Figures 2 and 3.
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