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Abstract

Purpose of review The purpose of this review article is to discuss the pathogenesis of acute
and chronic immune-mediated neuropathies along with the recent advances in their
treatment.
Recent findings Since the first description of Guillain-Barre syndrome (GBS) more than a
century ago, there have been numerous forms of immune-mediated neuropathies de-
scribed expanding the spectrum. Understanding the role of the immune system in the
pathogenesis of immune-mediated neuropathies has been an advancement towards the
diagnosis and treatment.
Summary It is postulated that immune-mediated neuropathies are a group of diseases
resulting from autoimmunity towards multiple components of peripheral nervous system.
These have a wide range of pathologic mechanisms, defined clinical presentations,
electro-diagnostic and laboratory findings which help in diagnosis and management.
Although immunosuppression is the common modality of treatment for these disorders,
uncovering distinct pathogenic mechanisms can allow for targeted immunomodulation.

Introduction

Immune-mediated neuropathies are a group of diseases
resulting from autoimmunity towards multiple compo-
nents of the peripheral nervous system. Patients usually

present with sensory deficits, muscle weakness and gait
unsteadiness. There seems to be overlap of symptoms
among different subtypes. Time of onset of symptoms
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helps in identifying acute versus chronic immune-
mediated neuropathies. Although the pathogenic mech-
anisms are not clearly understood in many of these
diseases, we do know that the damage is a result of direct

attack by autoantibodies to proteins, glycoproteins and
glycolipids on neuronal cell membranes and myelin.
This group of neuropathies comprises 9–18% of all
causes of neuropathy [1].

Guillain-Barre syndrome

Landry first described the clinical features of Guillain-Barre syndrome (GBS) in
1859. In his report, he described 5 patients with all features of GBS in “Traité
complet des paralysies” (Complete treatise of palsies). In 1916, Guillain, Barre and
Strohl described this illness in two French soldiers duringWorldWar I, and that
is how it derives its name.

Subacute flaccid paralysis is most commonly caused by GBS [2, 3••].
Diagnosis of GBS is based on clinical and electro-diagnostic features and
laboratory findings. The classic clinical features include ascending numbness
and weakness over days to weeks, hyporeflexia or areflexia, respiratory insuffi-
ciency and dysautonomia. Most patients achieve maximum weakness by the
4th week and then plateau. Worsening weakness after 4 weeks is a red flag for
other illness, particularly chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP). Cranial nerve findings include unilateral or
bilateral facial weakness in 50% of patients and ophthalmoparesis in 20% [4–
6]. Cerebrospinal fluid shows albumino-cytological dissociation. Electro-
diagnostic studies show prolonged F-wave latency early on and slowing of
conduction velocity.

GBS variants include motor or sensory and demyelinating or axonal. The
acute inflammatory demyelinating polyradiculoneuropathy (AIDP) is the most
common form of GBS. Other variants include acute motor axonal neuropathy
(AMAN) and acute motor sensory axonal neuropathy (AMSAN) where the
primary target is the axons and the nodes of Ranvier mediated by macrophages
and antibodies. AMAN seems to be associated with anti-GM1 and anti-GD1a
antibodies. Patients with AMAN and anti-GM1 antibodies usually have pre-
ceding infection with C. Jejuni. Miller Fisher syndrome is a variant characterised
clinically by the triad of ataxia, ophthalmoplegia and areflexia and anti-GQ1b
antibody. The involvement of dorsal roots and ganglionic neurons can present
as sensory ataxic GBS. It is considered to be in the spectrum of Miller Fisher
syndrome as these patients have IgG antibodies to GQ1b or GD1b ganglioside.
Lastly, acute pandysautonomic neuropathy where the target antigen is the
sympathetic ganglionic neurons [7••].

Recent data suggests that GBS is an antibody-mediated disorder [2, 3••, 5,
7••]. The mechanism of antibody production is thought to be from molecular
mimicry between the surface molecules of he motor axons and
lipooligosaccharides of infective organisms [8••]. The anti-GM1 and anti-GD1a
antibodies in AMANare of the IgG1 and IgG3 subclass and are thought to play a
pathogenic role by binding to the gangliosides resulting in axonal injury by
complement fixation, macrophage migration and membrane attack complex
deposition on the axolemma [3••]. See Figs. 1 and 2.
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Treatment
The management of GBS involves three components: general medical care,
immunomodulation and rehabilitation.

General medical care
Closemonitoring is required for respiratory failure with periodicmeasurements
of respiratory reserve, such as forced vital capacity (FVC), maximal inspiratory
pressure (MIP) or (NIF) negative inspiratory force 9 25 cm H2O and maximal
expiratory pressure (MEP). The 20/30/40 rule for intubation is followed—FVC
below 20 ml/kg of body weight, MIP below − 30 cm H2O, MEP below 40 cm
H2O [9]. Note that arterial blood gas and respiratory rate are poor predictors of
respiratory compromise, as they are not affected until advanced stages of the
illness. Close monitoring for autonomic disturbances with telemetry for cardiac
arrhythmias, labile blood pressure and variation in body temperature is rec-
ommended. Dysphagia, constipation, ileus and urinary retention are the other
symptoms to watch for.

Fig. 1. Pathogenesis of immune-mediated neuropathies: Onset of AIDP can be preceded by an infection, due to molecular mimicry
(similar structure of bacterial antigen and peripheral nerve component). Antigen presenting cells activate autoreactive T cells which
in turn causes conversion of B cell to plasma cell which release autoantibodies; and secretion of cytokines that degrade basement
membrane of the blood vessels and disrupt the blood-nerve barrier. This allows the transfer of inflammatory cells and pro-
inflammatory cytokines and complement to the peripheral nerve compartment. Upon entering the nerve, the autoantibodies can
bind to the myelin glycoproteins or proteins in the nodal or paranodal region such as contactin-associated protein 1 (CASPR1),
contactin 1 or Neurofascin 155 (NF155) and gliomedin. (Adapted by permission from Springer Nature: Springer Publishing Company:
Nature Reviews Disease Primers: Kieseier BC, Mathey EK, Sommer C, Hartung H-P. Immune-mediated neuropathies. Nat Rev. Dis
Prim. 2018;4:31.).
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In patients who are bed bound, prophylaxis for deep vein thrombosis and
decubitus ulcers is essential. Inflammation of the roots and nerves can cause
significant pain and should be treated with agents that treat neuropathic pain
like gabapentin or low-dose tricyclic antidepressants [10]. Narcotics may be
used for a short period. Monitoring in intensive care unit versus floor is to be
determined based on the severity of above parameters.

Immunomodulation
Early use of intravenous immunoglobulin (IVIg) and/or plasma exchange
(PLEX) have been shown to have equal efficacy in patients with GBS [11–15].
The typical dose based on prior studies of IVIg is 0.5 g/kg/day over 4 days. There
is no consensus if this schedule is superior to administering the same dose over
2 to 3 days. There are several commercial preparations available; the choice of
preparation depends upon patient factors like diabetes mellitus or renal im-
pairment. PLEX is usually performed on alternate days to avoid complications
related to fluid shift. Typically 4–6 exchanges (50 ml/kg) over 8–10 days are
done.

IVIg is administered peripherally over 4–6 h and is more readily available.
PLEX takes more than a week, needs specialised equipment, a pathologist and a
central line; though in some centres it is done peripherally. There is no benefit
of combining the 2 treatments [15]. Steroids are not beneficial in GBS [16]. See
Table 1.

Eculizumab is a monoclonal antibody that is a terminal complement path-
way component C5 inhibitor, which was approved for myasthenia gravis in
2017. It has been studied in conjunction with IVIg in 2 small randomised,

Fig. 2. a Segmental demyelination (100×) and b paranodal demyelination in a teased nerve fibre (1000×) in a patient with CIDP. (a,
b—Image courtesy Aziz Shaibani, MD) c Osteolytic lesion on a bone radiograph in a patient with POEMS syndrome.
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Table 1. Therapies used in Immune Mediated Neuropathies

Therapy Starting Dose Dose Adjustment Side Effects Monitoring
Intravenous
Immunoglobulin

2g/kg over 3 to 5
days

GBS: single course
CIDP: initially q 4 weeks to

be tapered down to
minimum possible dose
(0.5-1g/kg) with
maximum duration.

Infusion reactionflu like
reaction, fluid overload,
nephrotoxicity, aseptic
meningitis,
hypercoagulability
causing stroke, DVT,
pulmonary embolus,
myocardial infarction

BUN, Creatinine

Subcutaneous
Immunoglobulin

1 week after initial
induction with
IVIg, start SCIg
0.2g/kg over 1-2
days every week

Can increase to 0.4g/kg
over 1-2 days every
week.

Switch to IVIg if symptoms
worsen. Can be
transitioned back to
SCIg if symptoms
stabilize.

Infusion site reactions,
headache, diarrhea,
arthralgia, upper
respiratory tract
infection,
hypercoagulability
causing stroke, DVT,
pulmonary embolus,
myocardial infarction

BUN, Creatinine

Plasma Exchange 5 exchanges of
50ml/kg plasma
volume each over
7-10 days

GBS: single course.
CIDP: initial course

followed by 1-2
exchanges over 1-3
days every 4 weeks

Metabolic alkalosis,
hypokalemia,
hypocalcaemia,
hypotension,
thrombosis, line
infection, anaphylaxis

BMP, Blood
Pressure,
Fibrinogen

Prednisone 40-100mg daily Taper down slowly to
alternate day dosing.

Diabetes, hypertension,
obesity, osteoporosis,
gastric irritation,
infection, avascular
necrosis, steroid
myopathy, cataract,
glaucoma

BMP, Blood
pressure, Bone
density

Azathioprine 50mg twice daily Increase by 50mg as
needed every 2-4
weeks up to
2-3mg/kg/day in 2-3
divided doses.

Systemic reaction,
hepatotoxicity,
infection,
myelosuppression,
pancreatitis

TPMT level
initially, CBC,
LFTs

Cyclosporine 3 to 4 mg/kg/day in
2 divided doses

Increase slowly up to
total 6mg/kg/day as
needed

Hypertension,
nephrotoxicity,
tremor, PRES, seizure,
hepatotoxicity,
infection

CBC, LFTs, BMP,
drug trough
levels

Mycophenolate
mofetil

500mg twice daily Increase by 500mg every
2-4 weeks to 1500mg
twice daily

Diarrhea, vomiting,
myelosuppression,
infection,

CBC, Creatinine

Rituximab 375mg/m2/week for
4 weeks or 1000
mg Q2weeks x 2

Repeat infusion every 6
months

Infusion reaction,
anaphylaxis,
myelosuppression,
infection, reactivation
of hepatitis, PML

JC virus titer
initially,
hepatitis panel,
CBC, CD19, CD20
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double blind, placebo controlled trials for GBS. The ICA-GBS study studied 7
patients; of these 5 patients received IVIg plus eculizumab and 2 received IVIg
and placebo. They concluded that eculizumab is well tolerated in patients with
acute GBS and can be safely given with IVIg [17]. The JET-GBS study which
studied eculizumab (n = 23) vs placebo (n = 11) did not show any significant
differences in the primary end point [18]. There is currently insufficient evi-
dence to recommend eculizumab in the treatment of GBS, but larger
randomised control trials are required to better assess efficacy and safety.

Rehabilitation
In addition to immune therapy, rehabilitation plays an important role in
recovery. Initiation of physical and occupational therapy as soon as patient’s
symptoms stabilise clinically is important. Starting with functional assessment
of the extent of disability and helping the patient gain independence in activ-
ities of daily living followed by gradual introduction and increment of exercises
involving resistance is done. It is important to note that these patients should
not be pushed to exercisemore during a particular session if they are fatigued as
this might make the weakness worse and retard the progress [19]. It also helps
combat fatigue which is an important problem in GBS. Safety measures should
include fall prevention.

Chronic inflammatory demyelinating polyradiculoneuropathy

Chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) was
first described by Eichhorst in 1890 in a patient with clinical presentation
similar to GBS, but with a more chronic and relapsing course. The inci-
dence of CIDP is 1.0 to 8.9 persons per 100,000 [20]. Typical CIDP is
characterised by symmetric, proximal and distal, motor and sensory defi-
cits with absent deep tendon reflexes. Symptoms evolve over 8 weeks in a
progressive or relapsing manner. A minority may have an acute GBS-like
presentation. Absence of respiratory and cranial nerve involvement differ-
entiates CIDP from GBS. Atypical CIDP is less common and includes distal
acquired demyelinating symmetric neuropathy (DADS), multifocal

Table 1. (Continued)

Therapy Starting Dose Dose Adjustment Side Effects Monitoring
Cyclophosphamide Oral: 1mg/kg/day

IV: pulses of
1000mg/m2 every
month usually up
to 6 months

Premedicate with
mesna (20-40% of
cyclophosphamide
dose)

Oral: advance as needed
up to 2mg/kg/day

Myelosuppression,
infection, secondary
malignancies,
haemorrhagic cystitis

CBC, UA

BMP: basic metabolic profile; TPMT: thiopurine methyltransferase; PRES: posterior reversible leukoencephalopathy; CBC: complete blood count; BUN:
blood urea nitrogen; LFT: liver function test; UA: urinalysis; PML: progressive multifocal leukoencephalopathy. Table adapted with permission from
The American Academy of Neurology Institute
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acquired demyelinating sensory and motor neuropathy (MADSAM) and
pure motor and sensory CIDP [21].

DADS is characterised by slowly evolving distal sensory symptoms with
sensory ataxia and only mild distal weakness [22]. Two third of cases are
associated with an IgM antibody and are considered as distinct from CIDP. (see
section on ‘Demyelinating neuropathies associated with monoclonal
gammopathy’). The remaining one third of cases are considered as atypical
forms of CIDP which also respond to IVIg and corticosteroid therapies. Distal
muscles and upper limbs are predominantly affected. MADSAM also known as
Lewis-Sumner syndrome is clinically distinguished from typical CIDP due to its
asymmetric multifocal sensory and motor symptoms [23]. Sensory CIDP in-
cludes chronic immune sensory polyradiculoneuropathy (CISP). This is differ-
entiated fromDADS as it is non-length dependent with normal sensory electro-
diagnostic testing due to pathology of the dorsal root ganglion but abnormal
somatosensory evoked potential. Cerebrospinal fluid (CSF) protein is elevated
and MRI shows enlargement of nerve roots. CISP responds to typical CIDP
treatment as noted below [24].

In addition, there is a subset of CIDP patients who present at a younger age,
have a disabling tremor and are poorly responsive to the typical first line
treatment of IVIg. These patients have been shown to have IgG4 antibodies
against nodal and paranodal myelin-associated proteins—Contactin 1 and
Neurofascin 155 [23].

Laboratory findings in CIDP patients include albumino-cytological dissoci-
ation in the CSF and abnormal electro-diagnostic study such as prolonged distal
latency, slowed motor conduction velocity, prolonged F-waves, temporal dis-
persion and conduction block.

Involvement of T cells and B cells has been implicated in the pathogenesis of
CIDP [7••]. T cell-mediated demyelination is thought to cause delamination of
myelin lamellae. Induction of demyelination in animals by sera from patients of
CIDP and immunoglobulin and complement deposits seen on nerve biopsies
supports involvement of humoral immunity. Recently, IgG4 antibodies found
against nodal and paranodal proteins Contactin 1 and Neurofascin 155 have an
impact on diagnosis, prognosis and treatment [25]. The other proteins that may
be implicated in the pathogenesis are gliomedin (it has a role in sodium channel
clustering) or contactin-associated protein (CASPR1) [8••]. Some patients
treated with PLEX or IVIg show improvement within days. This is not consistent
with a process involving axon or myelin repair; thus, the reversal of antibody-
mediated sodium channel alterations at the nodes of Ranvier induced by treat-
ment is a possible explanation for this phenomenon [26]. See Figs. 1 and 2.

Treatment
Immunotherapy using IVIg, plasma exchange and/or corticosteroids is the first
line of treatment for CIDP. The dose, duration and frequency of treatment with
any of the above treatments are tailored to the patients’ response. There is no
consensus regarding which first line treatment is the best. About 80–90% of
patients improve with these treatments [27]. Patients that do not respond to the
initial therapy should be switched to alternative therapy unless contraindicated.

IVIg was the first drug FDA approved in September 2008 for CIDP. The
Immune Globulin Intravenous for Chronic Inflammatory Demyelinating

Curr Treat Options Neurol (2019) 21: 28 Page 7 of 18 28



Polyneuropathy (ICE) study showed that its benefit lasts for up to 48 weeks
when given atmaintenance dose of 1 g/kg every 3 weeks. It also showed that 8–
12 weeks of treatment is required for maximal benefit [28]. Typically, IVIg is
administered as an induction dose of 2 g/kg over 2–5 days followed by 0.5–
2 g/kg every 2–6 weeks based on patients’ response. Eventually, the treatment
goal is to reduce the frequency and taper IVIg completely after a few months of
desired response. Though, the patients who can attain this remission are likely a
small percentage.

Subcutaneous immunoglobulin (SCIg) was approved by the FDA in
March 2018. It is convenient for the patient as it can be self-administered after
appropriate training and is associated with lower healthcare costs compared
with IVIg. The efficacy and tolerability of SCIg are similar to IVIg as found in the
PATH study [29•]. SCIg, however takes longer to act compared with IVIg.
Improvement of muscle strength peaked 2 weeks after IVIg, whereas it took
5 weeks after SCIg [30].

One unblinded randomised trial of 28 patients compared prednisone ta-
pering from 120 mg every other day with no treatment which found that the
patients in treatment arm improved, while those in untreated arm worsened
over 3 months [31]. Other randomised control trials have compared the use of
intravenous methylprednisolone with IVIg and oral daily prednisone with
pulsedmonthly dexamethasone [32, 33]. These studies showed no difference in
efficacy; IVIg was better tolerated than corticosteroids. Typically, the steroid
regimens used for CIDP are daily or alternate day oral prednisone at 1–1.5 g/kg
followed by tapering over weeks to minimal required dose for response, or
pulse weekly oral/intravenous methylprednisolone.

Two small randomised control trials have shown improved function in two-
thirds of patients with CIDP treated with short-term PLEX compared with sham
exchange [34]. Typically, PLEX is done in five sessions of 50 ml/kg plasma
volume every other day followed by one to two sessions every 3–4 weeks
depending upon response but is largely considered a second- or third-line
therapy.

The second line of treatment for CIDP includes steroid sparing immuno-
modulatory therapy such as azathioprine, mycophenolate mofetil, cyclophos-
phamide, cyclosporine and methotrexate.

Azathioprine, mycophenolate, cyclophosphamide and methotrexate are B
and T lymphocyte inhibitors while cyclosporine is T cell inhibitor. Cyclophos-
phamide in pulsed moderate dosing as well as in high dose has the strongest
evidence for use in refractory CIDP [35, 36]. Toxicity of this drug remains a
limitation for its use. The limited data available for the use of these drugs does
not show any significant benefit for the treatment of CIDP; however, none of
these trials were large enough to rule out small or moderate benefit [37].

Rituximab which is a monoclonal antibody against CD20 protein of the B
Lymphocytes has been used in patients with IgG4 anti-Contactin 1 and anti-
Neurofascin 155 antibodies with benefit [38]. See Table 1.

Optimization of therapy
The response to treatment is gradual. Most patients who respond to IVIg need at
least 3 maintenance infusions after 8–12 weeks of initiation of treatment while
corticosteroids may need up to 12 weeks [28, 39]. Once maximum benefit has

28 Page 8 of 18 Curr Treat Options Neurol (2019) 21: 28



been achieved and sustained, reduction in frequency and dose should be
attempted, while keeping inmind that this carries a risk of irreversible disability
if relapse occurs. There is no standard approach to taper treatment and needs
tailoring for individual patient. Objective assessment of patient’s response using
standardised scales like Rasch-built overall disability scale (RODS), modified
INCAT-sensory sum score (INCAT-SSS) and strength measurement using a grip
strength dynamometer may provide a way to reduce the risk of early relapse and
prevent over treatment [40, 41].

Rehabilitation
As mentioned above in GBS, physical and occupational rehabilitation is an
important aspect of management of patients with CIDP.

Demyelinating neuropathies associated with monoclonal
gammopathy

Neuropathies associated with paraproteinemias are heterogeneous clinically
and electrophysiologically. In most cases, the pathologic significance of the
paraprotein is unknown (MGUS). The monoclonal gammopathy can be of the
IgG, IgA or IgM subtype. The non-IgM MGUS is the most common type, while
IgM MGUS accounts for about 15% of MGUS cases.

Neuropathy associated with non-IgM MGUS
IgG and IgA paraproteinsmay be associated with neuropathies with clinical and
electrophysiological features similar to CIDP as well as with distal axonal
sensory or sensorimotor polyneuropathy [42].

Treatment
Treatment for patients with CIDP and non–IgM MGUS is the same as that for
patients with CIDPwithout paraproteinemia [39]. For the distal axonal IgG/IgA
MGUS, there is no evidence to support immunomodulatory treatment at this
time. However, non IgM MGUS is considered to be pre-malignant, with 1%
chance of malignant transformation, with a cumulative risk of 14% at 25 years.
Hence, annual surveillance is recommended [43].

Neuropathy associated with IgM MGUS
Even though IgM paraprotein only forms about 20% of the gammopathies,
50% of patients with paraprotein and neuropathy have the IgM subtype [44].
Most patients with neuropathy associated with monoclonal gammopathy have
MGUS; although, in some patients it may be associated with lymphoprolifer-
ative IgM secreting disorders such as Waldenstrom’s macroglobulinemia or
lymphoma. Hence, it is essential to evaluate for these diseases.

Clinically, patients present with a distal acquired demyelinating symmetric
neuropathy (DADS) phenotype with sensory ataxia due to involvement of large
fibre sensory nerves and foot drop. They have significant large fibre dysfunction
and distal weakness on exam. Many patients exhibit a kinetic tremor. Electro-
diagnostically, they show distal demyelination [22].

Curr Treat Options Neurol (2019) 21: 28 Page 9 of 18 28



Two-thirds of patients with IgM antibody have reactivity to neural antigens,
most commonly to myelin-associated glycoprotein (MAG). MAG is a trans-
membrane glycoprotein concentrated in non-compacted periaxonal myelin
regions. Anti-MAG neuropathy is usually seen in the sixth or seventh decades of
life and affects men more than women. IgM anti-MAG antibodies are thought
to be pathogenic as passive transfer of these human antibodies to animals
results in neuropathy similar to that in humans. Also, IgM and complement
deposits on the myelinated nerve fibres are seen on sural nerve biopsies [45].

Treatment
Patients with anti-MAG antibodies rarely respond to IVIg or steroids [46].
Rituximab has been shown to be helpful in 30–50% of patients with anti-MAG
antibodies [47]. Multiple clinical and immunological biomarkers have been
used to describe the characteristics of rituximab responders but it is still unclear
[48••]. Demyelinating pattern, older age and absence of prior treatment seem
significant risk factors for worsening disability. Gender, ataxia, tremor and IgM
anti-MAG antibody titres are not helpful in predicting response [49], whereas
motor deficits and subacute progression are factors predicting positive response
[50].

The dose of rituximab used in studies is 375 mg/m2 every week for
4 weeks and may need maintenance doses every 12 weeks up to 2 years.
Response to rituximab has led to interest in trying other novel and more
potent anti-B cell agents. Ocrelizumab which is the humanised version of
rituximab and induces more complement activation can be considered
[48••]. Obinituzumab which is a humanised monoclonal antibody against
CD 20 was used in two patients with anti-MAG neuropathy that did not
respond to rituximab. The drug was found to be safe, but did not improve
symptoms at 1 year of follow-up. It, however, normalised the IgM level
and anti-MAG titres. This suggests that obinituzumab might be considered
in refractory patients [51]. See Table 1.

POEMS syndrome
This syndrome consists of polyneuropathy, organomegaly, endocrinopathy,
monoclonal gammopathy (usually lambda) and skin
abnormalities—hyperpigmentation, hypertrichosis, acrocyanosis, plethora and
hemangioma/telangiectasia. At least three of these five features should be
present to meet criteria for diagnosis. Polyneuropathy is a presenting feature of
this syndrome in about 50%of patients. Clinically, they present similar to CIDP
with distal neuropathy and severe pain. Osteoclastic plasmacytoma with scle-
rotic bone lesions (see Fig. 2 showing lytic bone lesion in a patient with POEMS
syndrome) is present in most patients while some have monoclonal
gammopathy of unknown significance (MGUS). Laboratory findings include
markedly elevated CSF protein and serum vascular endothelial growth factor
(VEGF). Electro-diagnostic testing shows a combination of severe axonal loss
with diffusely slow velocities without any conduction block [52].

The pathogenesis of neuropathy in POEMS syndrome is related to overpro-
duction of VEGF by monoclonal plasma cells which causes increased vascular
permeability and neovascularization.
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Treatment
This involves targeting the underlying plasma cell disorder. Focal osteoclastic
lesions can be surgically excised or irradiated. Diffuse lesions require systemic
therapy with a combination of corticosteroids and melphalan or high-dose
chemotherapies and peripheral blood stem cell transplantation [53]. Other
treatment options include bevacizumab, a monoclonal antibody against VEGF,
and lenalidomide/thalidomide [54, 55].

Multifocal motor neuropathy with conduction block

Multifocalmotor neuropathywith conduction block (MMN) is a rare condition
affecting 1 in 100,000 individuals, withmean age of onset around 40 years with
a male preponderance in the ratio of 3:1. It is a chronic, asymmetric and slowly
progressive immune-mediated neuropathy. It typically first affects the forearm
and intrinsic hand muscles and usually spares the sensory nerves [56]. Fascic-
ulation and cramping can be seen in up to two-thirds of patients leading to a
misdiagnosis of amyotrophic lateral sclerosis. Reflexes are usually absent or
reduced in the affected regions [57]. Laboratory findings include presence of
IgM antibodies to GM1 in about half the patients [58]. CSF protein is often
normal or only mildly elevated. Electro-diagnostically, conduction block out-
side of typical compression sites seen in two or more nerves confirms the
diagnosis but it is not essential as long as other typical features are present.

The immunopathology of MMN is uncertain. Traditionally, it has been
thought to be a demyelinating disorder with secondary axonal involvement;
however, early pathology at the nodes of Ranvier has now been implicated. IgM
antibodies against GM1 are commonly found in patients with MMN. GM1 is
found ubiquitously in sensory andmotor nerves, but it is highly concentrated in
the nodal and paranodal regions of the motor nerves [59]. Exposure to human
sera containing anti-GM1 antibodies induces conduction block, immunoglob-
ulin deposits at the nodes of Ranvier and nodal widening in animal nerve [60].
Reduction in sodium currents to eventually block action potential has been
seen in the presence of GM1 antibodies and complement [61]. In humans with
MMN, axonal hyperpolarisation has been seen at sites distal to conduction
block [62]. The above observations imply that antibody-mediated complement
injury at the nodes of Ranvier and adjacent axolemmal hyperpolarisation
caused by sodium/potassium pump dysfunction mediate conduction block
and resultant weakness [63]. This might also explain the clinical improvement
within days seen in patients treated with IVIg due to reversal of antibody-
mediated nodal dysfunction. See Fig. 1.

Treatment
IVIg is the first-line therapy for MMN. Most patients respond after the first dose
of IVIg (2 g/kg over 2–5 days). Maintenance therapy is required in most pa-
tients, the dose and frequency of which are based on response. The typical dose
being 1 g/kg every 2–4 weeks or 2 g/kg every 4–8 weeks. If treatment with IVIg
is insufficient, other immune suppressive treatment may be considered; how-
ever, no agent has been shown to be effective in clinical trials and data from case
series are conflicting. Use of cyclophosphamide is limited by its adverse effects
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[64]. Corticosteroids and plasma exchange have not been found effective and
might worsen the disease [65]. See Table 1.

Two recent studies have looked at the use of SCIg in MMN. These have
found different results, with onemeta-analysis showing no difference inmuscle
strength in patients treated with IVIg and SCIg over 1–2 years while in the other
study with CIDP and MMN patients treated with IVIg, it was seen that 40% of
MMN patients required alterations in treatment regimen versus only 13% of
CIDP patients requiring it to stabilise clinical condition [29•, 66]. Further
studies are needed to assess long-term efficacy of SCIg in MMN. Complement
activation has been found to be one of the pathogenic mechanisms of MMN.
Hence, eculizumab could be a novel treatment option for MMN in the future.

Cancer-related neuropathies

This group of neuropathies can be classified as those related directly to the
cancer or paraneoplastic neuropathies. The former can be from direct infiltra-
tion, compression and/or mass effect on the plexus or peripheral nerves. An-
other rare entity is neurolymphomatosis (NL), which involves infiltration of the
cranial nerves, plexus, spinal nerve roots and/or peripheral nerves by the
malignant lymphocytes. This condition is seen in patients with underlying
leukaemia or non-Hodgkin’s lymphoma (NHL). Symptoms of NL include
sensorimotor deficits, muscular atrophy, hypotonia, hyporeflexia and sponta-
neous pain. It appears that electro-diagnostic studies and positron emission
tomography seem to be better diagnostic tools compared with spinal fluid
analysis and MRI [67].

Treatment
Management primarily involves treating the underlying cancer. There is no
standard treatment for NL but IVIg and/or PLEX have been tried in the past.
More studies are necessary to evaluate the effectiveness of these therapies.

Paraneoplastic neuropathies
Paraneoplastic neuropathies can involve sensory or motor ganglia, peripheral
sensory/motor nerves and autonomic nerves. Paraneoplastic sensory
neuronopathy is one of themost common paraneoplastic syndromes [68]. This
is associated with antibodies against type 1 antineuronal nuclear antigens
(ANNA-1) previously called anti-Hu antibodies. Clinically, it is characterised by
a subacute onset of sensory ataxia and neuropathic pain; concomitant motor
neuropathy, cerebellar degeneration, limbic encephalitis and brainstem in-
volvement [69]. Autonomic involvement causing orthostatic hypotension, car-
diac arrhythmias and gastroparesis may also be seen. These antibodies react
against neural intracellular antigens through cell-mediated immune mecha-
nisms [70]. Small cell lung cancer is the most common underlying malignancy;
others include carcinomas of the breast, ovaries, pancreas and lymphoma.
Sensory neuronopathy may precede the diagnosis of cancer by up to 8 months
or longer [71].

Less commonly, anti-CV2/collapsin response mediator protein-5 (CRMP 5)
antibodies are associated with a mixed axonal and demyelinating motor
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polyneuropathy [72]. Isolated paraneoplastic autonomic neuropathy can be
seen in association with antibodies to ganglionic nicotinic acetylcholine recep-
tor [73]. Symptomatic chronic sensorimotor polyneuropathy is seen in 10–15%
of patients with solid tumours, especially lung cancers and some have subclin-
ical evidence of the same. Acute sensorimotor and demyelinating neuropathies
which resemble GBS or CIDP have been seen in hematologic malignancies,
most commonly Hodgkin’s lymphoma. Isolated paraneoplastic motor neu-
ropathy or neuronopathy which mimic amyotrophic lateral sclerosis has rarely
been reported [74].

Treatment
These are rare disorders; hence, recommendations are mostly based on expert
opinion. Management is broadly divided into identification and treatment of
underlying malignancy, immunosuppression/immunomodulation and symp-
tomatic treatment. Treatment of the cancer may stabilise or perhaps improve
the paraneoplastic syndromes associated with intracellular antigens [75]. Cor-
ticosteroids, cyclophosphamide, sirolimus and rituximab are the immunosup-
pressants used to treat paraneoplastic sensory neuronopathy.
Immunomodulation using IVIg and plasma exchange can be used [71, 74].
Symptomatic treatment involves use of neuropathic medications for pain. See
Table 1.

Patients presentingwith an AIDP- or CIDP-like symptoms are treated similar
to a patient without cancer—IVIg or plasma exchange for the former and
corticosteroids or IVIg for the latter.

Vasculitic neuropathy

This group of neuropathy which results from inflammation of vasa
nervosum, is asymmetric, painful, abrupt and multifocal in nature in-
volving the sensory and motor nerves [76]. It often progresses quickly over
hours to days, in a stepwise manner in the distribution of individual
nerves causing pain, weakness and numbness. Systemic symptoms like
weight loss, myalgia, fatigue and fever are also present. Vasculitis also
affects other organ systems like the skin, kidneys, liver, heart, brain and
lungs causing ischemic injury to them. This usually occurs in the setting of
a systemic disease that predisposes to vasculitis. These include infections
like hepatitis C-associated cryoglobulinemia, connective tissue disorders
like rheumatoid arthritis or systemic lupus erythematosus, inflammatory
conditions like Wegener’s granulomatosis, Churg-Strauss angiitis,
polyarteritis nodosa or microscopic polyangiitis and paraneoplastic syn-
dromes [76]. About 10–15% patients have non-systemic vasculitic neu-
ropathy. Laboratory studies show markers for the underlying disease and
electro-diagnostic testing shows axonal sensory and motor neuropathy in
multiple affected nerves. T cells play a role in the pathogenesis.

Treatment
There are no randomised clinical trials so far. Emergent immunosuppres-
sive treatment is needed to avoid the various systemic complications
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related to ischemia. Steroids in combination with steroid sparing agents
are traditionally used [77]. Initially, prednisone 40–100 mg daily is used
for 6–8 weeks or until treatment response and is followed by a gradual
taper to alternate days. Prednisone is continued for 6 months. In severe
cases, cyclophosphamide is given in addition to steroids. It is administered
either orally (1 mg/kg daily) or intravenously (1000 mg/m2 monthly) for
6 months. Therapy may need to be continued for a year or longer [69].
IVIg and plasma exchange may also be used [78]. Rituximab (375 mg/m2

every week for 4 weeks) may also be an alternative in patients with
intolerable side effects from cyclophosphamide [79]. In patients with
hepatitis C, antiviral therapy using nucleotide analog inhibitors is used.
See Table 1.

Drug-induced immune-mediated neuropathies

This is a small and rare group of neuropathies and includes immune-mediated
neuropathies caused by TNF alpha inhibitors and newer anti-cancer drugs.

There are several aetiologies of neuropathy in cancer patients; often, it
is due to toxicity of chemotherapeutic agents. Less commonly it can be
paraneoplastic, immune mediated or neoplastic neuropathy. Immune
checkpoint inhibitors are a relatively newer group of anti-cancer drugs
used in the treatment of melanoma and other tumours. These are mono-
clonal antibodies that attack the human cytotoxic T lymphocyte-associated
antigen 4 (CTLA-4) and include the drugs ipilimumab and tremelimumab.
There have been reports about ipilimumab causing a CIDP-like illness
[80]. The other group of immune checkpoint inhibitors target the pro-
grammed cell death 1 (PD-1) receptor, which regulates cell death in
immune cells. This includes pembrolizumab and nivolumab. AIDP and
CIDP have been reported with these drugs [81]. Treatment of these side
effects includes discontinuing the offending drug and administration of
immunotherapy (steroids and/ or IVIg), which has been reported to be
beneficial.

The other group of drugs that have been associated with immune neurop-
athies are tumour necrosis factor alpha antagonists used in the treatment of
inflammatory conditions including rheumatoid arthritis, spondyloarthritis,
psoriasis and inflammatory bowel disease. There have been case reports about
infliximab being associated with rare neurological complications including
GBS, CIDP and MMN [82, 83]. The pathogenesis is thought to be from T cell
and humoral attack against peripheral nerve myelin, vasculitis-induced nerve
ischemia and inhibition of signalling support for axons [84]. The management
involves stopping the offending drug as the first step which leads to resolution
of symptoms [85]. Corticosteroids, IVIg and plasma exchange can also be used
[84].

Future direction

In spite of important advances in the discovery of immunopathogenesis,
diagnosis and treatment of immune-mediated neuropathies, there are
several questions that need to be answered for better management of
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patients, especially those with refractory disease that do not respond to the
standard treatment. The discovery of pathogenic antibodies to nodal and
paranodal proteins in a subset of patients with CIDP has helped in
providing a tailored treatment to them with better outcomes. Similarly,
discovery of more specific biomarkers and better clinical criteria would
help towards accurate diagnosis. This would further pave the way for
personalised medicine in immune-mediated neuropathies, wherein treat-
ment can be individualised to each patient.
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