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Abstract

Inflammatory polyradiculoneuropathies are heterogeneous disorders characterized by immune-mediated leukocyte
infiltration of peripheral nerves and nerve roots leading to demyelination or axonal degeneration or both. Inflammatory
polyradiculoneuropathies can be divided into acute and chronic: Guillain—Barré syndrome and chronic inflammatory
demyelinating polyneuropathy and their variants. Despite major advances in immunology and molecular biology have
been made in the last years, the pathogenesis of these disorders is not completely understood. This review summarizes
the current literature of the clinical features and pathogenic mechanisms of inflammatory polyradiculoneuropathies and
focuses on current therapies and new potential treatment for the future.
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Introduction

Inflammatory  polyradiculoneuropathies  are
immune-mediated disorders that affect the periph-
eral nerves and nerve roots, thus resulting in demy-
elination or axonal degeneration and sensory-motor
deficits.!? Inflammatory polyradiculoneuropathies
can be divided into two major subgroups (acute
and chronic): Guillain—Barré syndrome (GBS),
chronic inflammatory demyelinating polyneuropa-
thy (CIDP), and their variants.>*

GBS is an immune-mediated disorder character-
ized by rapid progression of inflammatory demyeli-
nation and axonal injury to the nerve roots and
peripheral nerves. In the last years, the role of humoral
immunity has grown.> The most shared theory
describes antibodies arising from molecular mimicry
between the lipooligosaccharides of microorganisms
and surface molecules of the peripheral nerves.>

CIDP is believed to have autoimmune pathogen-
esis in which both cellular and humoral immunity
work together damaging the peripheral nerve,
against antigens in the Schwann cell or myelin and
antigenic targets at the node of Ranvier (NOR).*

Overall, the immunopathogenesis and definitive
mechanisms of inflammatory polyradiculoneu-
ropathies have yet to be well-characterized and
current knowledge consists mainly of hypotheses
derived from observational human in situ, human
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in vitro and animal in situ/in vivo studies. Many
antibodies against proteins have been recently
identified in the NOR, which are short gaps in the
myelin sheath, where a rapid propagation of the
action potentials occurs.>¢

Also, recent evidence suggests that molecules in
the compact myelin, but also within the nodal or
paranodal regions may be probable targets of the
immune attack in CIDP.>® Furthermore, individual
susceptibility, genetic and environmental factors are
emerging as a possible determinant in inflammatory
neuropathies.!? It is necessary to better understand
peripheral neural-immune interactions and support
the development of selective drugs (i.e. drugs active
on specific leukocyte subpopulations) that may offer
better options to achieve improved outcomes.>’

In this review, we discuss the best evidence on
GBS and CIDP pathogenesis, and we report new
perspectives focusing on possible therapeutic
applications.

Guillain-Barré syndrome
Definition

Guillain—Barré syndrome is an acute immuno-
mediated disorder characterized by rapidly pro-
gressive and self-limiting sensory-motor deficits
(within 4weeks) due to inflammatory demyelina-
tion or axonal injury (or both) to the nerve roots
and peripheral nerves. The incidence is between 1
and 2 cases for 100,000 people slightly more prev-
alence in males.>® In approximately 70% of the
cases, there is a history of upper or lower respira-
tory illness or gastroenteritis in the preceding 10—
14days.®> A wide range of microorganisms,
including Cytomegalovirus, Mycoplasma pneu-
moniae, Epstein—Barr virus, Influenzae A,
Haemophilus  influenzae, Enterovirus, and
Campylobacter jejuni have been associated with
GBS, showing a seasonal trend, that is, in autumn
for Campylobacter jejuni and in the spring for win-
ter Influenza virus.’

Clinical symptoms and subtypes

Typical GBS presents as rapidly progressive bilat-
eral ascending areflexic paralysis. Additional
symptoms can occur ranging from mild sensory
involvement, cranial nerve paralysis (i.e. bilateral
facial weakness) to autonomic dysfunction and
radicular low back pain.

Since its early description, several variants of
GBS have emerged including acute inflammatory
demyelinating polyradiculoneuropathy (AIDP), the
most frequent type, acute motor axonal neuropathy
(AMAN), acute motor-sensory axonal neuropathy
(AMSAN), Miller Fisher syndrome (MFS), and the
pharyngeal-cervical-brachial presentation. Finally,
acute autonomic and acute sensory neuropathies
are rare and poorly defined forms of GBS.!°

In AIDP sensory symptoms are moderate with
the presence of pain, autonomic dysfunction, and
signs of cranial nerve dysfunction. Nerve conduc-
tion studies show demyelinating features.!! In
AMAN, on the contrary, the motor fibers injury is
more prominent, the sensory fibers are preserved,
cranial nerves paresis and pain are less frequent,
but there are a more rapid progression and a slow
recovery.'? Electrophysiology in AMAN shows an
axonal neuropathy.!!' In AMSAN sensory involve-
ment is added to the clinical picture of AMAN.

MEFS is characterized by the typical triad of
ophthalmoplegia, ataxia and areflexia and is fea-
tured by the presence of anti-GQIb antibod-
ies.!>!* The last form, less frequent, is the
pharyngeal—cervical-brachial presentation, a
localized form of oropharyngeal and cervicobra-
chial weakness associated with areflexia.®!3

Finally, there are neuropathies with an acute
onset mimicking GBS cases with profound sensory
and/or autonomic impairment in the absence of any
infectious or toxic etiology; these conditions are
believed to follow immune mechanisms similar to
those in GBS causing a neuronopathy in the sen-
sory and/or autonomic ganglia.'®!7

Pathogenesis

GBS is a complex and heterogeneous disorder,
which follows multiple triggering events in the
majority of cases, ranging from infections, vac-
cines, and surgery. The pathogenesis differs for
each subtype of the disease. Although both
branches of the immune system (T and B cells)
play a role, the role of humoral immunity has
grown in the recent past and now GBS is consid-
ered an antibody-mediated disorder in the AMAN
and MFS subtypes.!->® Specific antibodies against
gangliosides (GM1, GDla, and GQIlb) were
reported in the AMAN and MFS.8 In AMAN, IgG
antibodies against membrane gangliosides GM1
and GDla have been identified, and they are
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proven to attack axons of motor fibers ate the
NOR, thus explaining prominent axonal features
in nerve conduction studies. However, not all
antibodies binding gangliosides at the NOR acti-
vate myelin-destroying complement.'®

Nerve injury appears to be the result of molecu-
lar mimicry between microbial and nerve antigens.
The glycans expressed on lipooligosaccharides of
infectious agents are supposed to trigger a humoral
response against similar carbohydrate antigens in
the peripheral nerves. Interactions between the
immune system and microorganisms are not still
understood, but individual susceptibility and envi-
ronmental factors could interact with each other
altering immune-tolerance.>® Until now, only
molecular mimicry between C. jejuni lipooligo-
saccharide and GM1 and GD1a has been found.!%%°

Despite its higher prevalence, AIDP remains
less understood than more rare variants of GBS.
Many infectious agents have been linked to demy-
elinating forms of GBS and common target anti-
gens have not been found yet. Anyway, the presence
of antibodies in AIDP may be argued from comple-
ment activation, myelin destruction and phagocy-
tosis by macrophages.

The occurrence of GBS in rare family cohorts
suggests a role of genetic factors in disease suscep-
tibility.! However, many genes implicated in the
pathogenesis of GBS have been investigated with
negative or conflicting results.?!

It seems that IgG1 and IgG3 subclass immuno-
globulins could bind gangliosides GM1 and GD1a.
They can allow complement fixation, thus attract-
ing macrophages with an increase in phagocytic
activity and depositing membrane attack com-
plexes on the axolemma.?? This mechanism may
lead to reversible conduction block or, in the most
serious cases, can cause severe axonal degenera-
tion with poor recovery.>!!

Antibodies against proteins in the NOR, includ-
ing gliomedin, contactin, TAG-1, moesin, and neu-
rofascin have been identified.??> In particular,
antibodies against moesin have been found in
AIDP during cytomegaloviru (CMV) infection. In
very few cases, antibodies against the glycolipid
LMI1, sulphoglucuronosyl paragloboside, galac-
tocerebroside, and sulfatide have been found.??

However, a wide range of infectious agents can
induce the production of antibodies in AIDP, it was
difficult to find a common antigenic stimulus and
to identify specific antibodies for the disease.

GBS may also occur during a primary HIV
infection, at the time of seroconversion or within
the first 3—6 months after the start of antiretroviral
therapy, generally in the presence of high CD4+
T-cell counts.

It may be the result of a direct action of HIV-1
virus on the nerves, or autoimmune mechanismes,
with the formation of antibodies against myelin.
However, the outcome of GBS in these patients is
often favorable.?

Diagnosis

The diagnosis of GBS is mainly clinical: progres-
sive weakness in the four limbs with hypo/are-
flexia is the most common presentation. Additional
symptoms and signs occur according to the differ-
ent clinical subtypes.

Further investigations may be useful or even
necessary for the diagnostic confirmation of GBS.?
Cerebrospinal fluid (CSF) is very important to
exclude other causes of symmetric weakness, usu-
ally associated with an increase in CSF cell count.?
In fact, GBS is typically associated with albumin-
cytologic dissociation, the combination of a nor-
mal CSF cell count with increased protein level.

However, a normal CSF protein concentration
does not exclude GBS, especially in the first week
after the onset of the disease.

High titers of anti-GM1, anti-GD1b, anti-
GDla, and anti-GalNAc-GD1la ganglioside anti-
bodies of the IgG class are frequently reported in
GBS. However, specific serological tests have a
limited role in the diagnosis of GBS, except for
MES, in which elevated anti-GQ1b ganglioside
antibodies are consistently found in about 95%-—
98% of patients.!*

Electrophysiological studies can show demyeli-
nating features with motor conduction blocks in
peripheral nerves in demyelinating subtypes of
GBS. Earlier in the course of the disease, electro-
physiology could be normal or only mild altered.
We can find only prolonged latency or absent F
waves (Figure 1). In axonal subtypes of GBS, there
may be a decrease in Sensory Action Potentials
(SAPs, in AMSAN) and/or compound motor action
potentials (CMAPs) amplitudes (in AMAN and
AMSAN); in AIDP, increased distal motor laten-
cies, slowed motor conduction velocity, temporal
dispersion and partial or total motor conduction
blocks are observed.!!25-26
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Figure . Nerve conduction studies in Guillain—Barré syndrome. Electrodiagnostic studies performed 3 weeks from onset in a GBS
patient; in (a) prolonged distal motor latency, temporal dispersion with polyphasic CMAP of the peroneal nerve; in (b) rare F-waves

with prolonged latency.

CMAP: compound motor action potential; GBS: Guillain—Barré syndrome.

The authors have obtained the necessary permission directly from the patients to reproduce the figures in this article.

Nerve conduction studies, even if useful in the
differential diagnosis among GBS subtypes, are
not mandatory to obtain a GBS diagnosis. Clinical
and instrumental definition and guidelines for the
diagnosis of GBS were elaborated by the Brighton
Collaboration.?’

Outcome

In GBS, the course is usually monophasic and
relapses are rare. The prognosis for most patients

with GBS is favorable with most of the improvement
in the first year. Approximately 87% fully recover or
report minor sequelae, especially weakness, numb-
ness, and persistent fatigue.?® A minority of patients
have relevant disability and pain. Advanced age of
onset, previous diarrthea or C. jejuni infection, the
early need for intubation and ventilator support dur-
ing the illness, and severe weakness are considered
negative prognostic factors. Mortality in GBS range
from 3% to 7% and is due to respiratory failure,
infections, deep vein thrombosis or autonomic
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dysfunction (i.e. wide blood pressure swings and
cardiac arrhythmias).>>>%8

Treatment

GBS is a potentially life-threatening disease. Patients
require close monitoring to prevent and treat any
complications, such as dysphagia, deep vein throm-
bosis, dysautonomia, respiratory failure, and pain.

Intravenous immunoglobulin (IVIg) and plasma
exchange (PE) are equally effective as first-line
treatments.?’

IVIg is a formulation obtained from plasma
pooled from thousands of donors, containing anti-
bodies (mostly IgG, subclass distribution identical
to that of normal human serum but small percent-
ages of IgA are also present) directed both against
foreign pathogens and self-antigens. Other compo-
nents of [VIg preparations are sugars (such as sorb-
itol, glucose, and sucrose), sodium, amino acids,
and low titers of isohemagglutinin antibodies (anti-
A, anti-B, anti-C and anti-E blood group).*

Despite their large use in clinical practice, the
proposed mechanism of action of IVIg is only par-
tially known. Suppression of the inflammatory and
immune-mediated responses trough neutralization
of antibodies, fragment crystallizable (FC) recep-
tor blockade, or B- or T-cells immune-regulation
are the presumed mechanisms involved.®

IVIg side effects are mild and infrequent (less
than 10% of patients) and include mild to moderate
headache, fever, chills, and myalgias. Chest or
back pain during the first few hours, usually
responding to stopping and slowing the infusion, is
also common, as well as post-infusion fatigue,
fever, and/or nausea. Thromboembolic events (i.e.
strokes, pulmonary embolism, or myocardial
infarction) are rarely observed and are caused by
an increase in serum viscosity. Patients with IgA
deficiency may experience a severe anaphylactic
reaction due to the presence of low levels of IgA in
common [VIg preparations and anti-IgA antibodies
in serum of such patients. Other rare reactions are
acute renal tubular necrosis, skin reactions (i.e.
urticaria, lichenoid cutaneous lesions, pruritus of
the palms, petechiae, and eczema), and severe
headache.?!

A standard IVIg regimen of 2 g/kg bodyweight
(0.4 g/kg/d for 5days) is recommended in patients
unable to walk unaided, within the first 2 weeks
after onset of symptoms.® It remains unknown

whether administrating [VIg over 2days (1g/kg
per day) is equivalent or superior to the standard
5days (0.4 g/kg per day) protocol.

However, early relapses have been shown to
occur in patients with an initially good response.
This fluctuating course is considered to be induced
by the temporary effect of [VIg or PE on the dis-
ease process. The expression “treatment-related
fluctuations” (TRFs) was coined to avoid confu-
sion with the relapsing course of CIDP.*23* TRFs
occur more often in shorter [VIg regimen.*

Compared to PE, IVIg are easier to administer,
have fewer side-effects and are better tolerated in
children.*

PE removes antibodies and other possible
inflammatory components, such as complement,
and may improve T-cell suppressor function.®3°
PE consists of five sessions (total amount of
fluid exchanged of 200-250 mL/kg, 40-50 mL/
kg per session) over 2 weeks. As PE is the most
effective when started within 7 days of symptom
onset, it should start as soon as possible from
onset.®3® Hypotension, arrhythmias and bleed-
ings are the principal PE side effects. According
to the Cochrane review, PE increases the chance
of complete muscle strength recovery after
1 year when compared to supportive care alone,
although there is probably a slight increase in
the risk of relapse.’®

About 10% of patients treated with either PE or
IVIg show no clinical response or deteriorate after
initial improvement. TRFs are usually managed
with a second course of IVIg or PE with benefit.*
However, three or more episodes of deterioration
after 8 weeks from onset, may suggest the diagno-
sis of acute CIDP. In this case, the therapeutic
approach should be reconsidered, usually needing
chronic maintenance treatment with IVIg or a
switch to corticosteroid treatment.?’

Whether GBS patients with a poor prognosis
may benefit from a second course when adminis-
tered 1-week after the start of the first course of
IVIg is the principal aim of the ongoing GBS- SID
trial, whose first results are expected soon.?

There is no evidence that the combined use of
PE before IVIg, may improve the outcome.*® On
the contrary, PE after IVIg should be avoided
because of the possible wash out of I[VIg.°

Both oral and intravenous corticosteroids, alone
or in combination with [VIg or PE, have not shown
benefit in long terms.*!
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Chronic inflammatory demyelinating
polyneuropathy

Definition

CIDP is a rare disease with a range of prevalence
between 1.97 and 4.77 per 100,000.4%24 It is charac-
terized by progressive or relapsing motor or/and sen-
sory symptoms and reduced or absent muscle stretch
reflexes.** The onset is typically insidious, usually
evolving over 8weeks with a relapsing course, or
acute with a chronic progressive or relapsing course.
In a minority of patients, a “GBS-like” presentation
have been reported. Prominent sensory symptoms,
as well as the absence of autonomic dysfunction are
typical of CIDP, while facial weakness, cranial nerve
deficits, and respiratory failure suggest GBS.*’

CIDP variants: the atypical CIDP

CIDP has a wide spectrum with heterogeneity of
clinical phenotypes. Typical CIDP is characterized
by progressive or relapsing motor and sensory dys-
function of the peripheral nerves, usually involving
the four limbs with hypo- or areflexia, developing
over at least 2 months. However, only 50% of CIDP
patients present a typical form, so that “atypical
CIDP” has been distinguished for different patterns
of motor and sensory involvement: asymmetrical,
multifocal, and only distal limb involvement.*#>46
The clinical importance of atypical CIDP identifi-
cation derives from the fact that they usually have a
worse response to therapy. According to case series
and multicentre studies, the more frequent atypical
variant is the distal acquired demyelinating sensory
(DADS) neuropathy.**#” The multifocal acquired
demyelinating sensory and motor neuropathy
(MADSAM or Lewis—Sumner syndrome) and the
pure sensory and motor CIDP are the last types.*®
DADS has predominantly distal sensory symptomes,
and conduction studies show distally accentuated
demyelination findings. MADSAM presents asym-
metric motor and sensory involvement with elec-
trophysiologic evidence of multifocal
demyelination. Motor and sensory CIDP are char-
acterized by the absence or reduction of deep ten-
don reflexes in all limbs associated with motor or
sensory fibers demyelination, respectively.*’

Pathogenesis

Current knowledge supports autoimmune patho-
genesis of CIDP in which both cellular and humoral

immunity, against Schwann cell or myelin anti-
gens, damage the peripheral nerve.**

Animal models with a spontaneous autoim-
mune polyneuropathy (SAP) that mimics the pro-
gressive form of CIDP have been developed in
the last decade. These experimental models
showed the relevant role of regulatory T and B
lymphocytes (Tregs, Bregs).**° However, the
immunopathogenesis and definitive mechanisms
have yet to be well characterized.

Cellular-mediated demyelination is supported
by invasion and loss of myelin lamellar structure
by T-cell and macrophages.** On the other side,
there is little evidence of humoral immunity in
CIDP. Several CIDP nerve biopsies show immuno-
globulin and complement fixation.** Besides, the
early improvement after PE raises the possibility of
an antibody-mediated ion channel alteration at the
NOR, consistent with a rapid reversal, rather than a
myelin or axon repair process, requiring longer
time.>! These findings support a role of antibodies,
but their specific target is lacking.

Disease susceptibility has been studied in CIDP
patients through a wide analysis of possible genes
implicated in the pathogenesis. In a study on human
leukocyte antigen (HLA) associations in patients
with CIDP, the gene frequency, and the frequency
of individuals positive for HLA-DR2 were greater
in female patients than female controls.?! Another
association has been found with a homozygous
genotype for a low repeat number of tandem GA in
the SH2D2A gene, implicated in the control of
early T-cell activation. This genotype could result
in defective control and elimination of autoreactive
T-cells.®> More recently, DRB1*15 alleles have
been related to anti-NF155 + CIDP patients.>

Cellular factors. During active disease, CD4+ T-cells
in the periphery upregulate activation markers such
as t-bet and pstat175 and secrete pro-inflammatory
cytokines including interleukin (IL)-2, interferon y
(IFNy), IL-1, the chemokines interferon gamma-
induced protein (IP) and macrophage inflamma-
tory protein 3 3 (MIP3[3).

This release of cytokines and chemokines into
the circulation causes further activation of mac-
rophages and induces upregulation of the vascular
cell adhesion molecule (VCAM)-1, endothelial
leukocyte adhesion molecule (ELAM) and inter-
cellular adhesion molecule (ICAM) on endothelial
cells lining the blood vessels of the nerve.*
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The macrophages and the Schwann cells,
expressing the co-stimulatory molecules B7-1and
B7-2, play an important role in local antigen pres-
entation to CD4+ T-cells, that express their coun-
ter-receptors of cytotoxic T-lymphocyte associated
protein 4 (CTLA-4) and CD28.3

Activated T-cells adhere to the endothelial
cells, roll along the vessel surface and then
migrate across the blood-nerve barrier (BNB).
Prolonged secretion of inflammatory mediators
may increase BNB permeability, thus allowing
soluble factors (such as antibodies) to access the
endoneurium. Breakdown of the BNB can be vis-
ualized by magnetic resonance imaging (MRI)
gadolinium enhancement of nerve trunks or plex-
uses in patients with CIDP.%>3¢

The presence of an antigen-driven T-cell
response against peripheral nerve antigens in CIDP
is confirmed by studies showing that the few
CD8+ and CD4+ T-cells found in the nerve biop-
sies have the same oligoclonal restrictions of the
peripheral blood lymphocytes.®’

Furthermore, macrophages play an active role
in many aspects of the immune response such as
antigen presentation, the release of pro-inflamma-
tory cytokines and represent the final effector cells
associated with demyelination. They penetrate the
basement membrane of the Schwann cell, displace
the cytoplasm, split the myelin lamellae with focal
destruction of the myelin sheath causing the so-
called “macrophage-mediated demyelination.”*

The role of cytotoxic T-cells, on the other hand,
is controversial. In CIDP nerves, Schwann cells
up-regulate MHC class I molecules, potentially
enabling the reactivation of cytotoxic T-cells
(CD8+). These CD8+ T-cell clones are enriched
in the nerve suggesting that an antigen-driven
CD8+ cell-mediated attack on the nerve contrib-
utes to the pathogenesis of CIDP.

However, evidence of these CD8+ T-cells in
direct contact with their target cells in situ is lack-
ing, limiting further conclusions about their role as
cytotoxic effector cells.*

In CIDP, to date, no foreign or self-antigen has
been yet identified as a CD8+ target, but there is
evidence of the similar clonal expansion of CD8+
cells both in sural nerve and peripheral blood.>’

Recent evidence from spontaneous animal mod-
els has demonstrated the role of Tregs and Bregs in
the pathogenesis of CIDP.*»* Adoptive transfer
studies revealed that Tregs suppressed SAP, while

Bregs attenuated disease severity. Moreover, B-cell
deficiency in the mice model prevented the devel-
opment of SAP, which would indicate that the
pathogenic role of B cells predominates over its
regulatory role in this model.*

Humoral factors. In CIDP humoral factors may play an
important role owing to the beneficial effect of PE.>
Autoantibodies are found in approximately 30% of
patients with CIDP, although specific antigens have
been identified in no more than 13% of cases.”

The presence of complement-fixing IgG and
IgM deposits on the myelin sheath® provided the
first evidence of the antibody’s involvement.®
Sural nerve biopsy specimens from patients with
chronic relapsing polyneuropathy were studied by
direct immunofluorescence. Granular deposits
containing IgM and occasionally IgG were found
in intraneural blood vessels and linear deposits of
IgM were found on the Schwann cell plasmalemma
of yet unmyelinated portions of nerve fibers.>

In some patients, for example, antibodies to gly-
colipids LM1, GMI, or GDlb were detected,
although less frequently than in GBS.6!:62

Furthermore, a study showed that also PO, a pro-
tein responsible for myelin compaction, can be an
autoantigen in some patients with CIDP. In this
study, the sera of 21 CIDP patients were examined;
six sera contained anti-PO immunoglobulin G anti-
bodies, and four of these caused conduction block
and demyelination after intraneural injection in
experimental animals.®

Some studies, then, report that the incidence of
CIDP is higher in patients with melanoma or after
vaccination with melanoma lysates.®* Interestingly,
several carbohydrate epitopes, such as GM3, GM2,
GD3 are shared both in myelin and in melanoma
cells suggesting how molecular mimicry may be a
possible trigger.>*

Recent studies, however, suggest that molecules
not only in the compact myelin, but also within the
nodal or paranodal regions may be probable targets
of the immune attack in a minority of CIDP
patients, but the literature pertaining about these
proteins is still limited.®>-¢

Dysfunctions in these regions could explain the
rapid changes in clinical symptoms seen in CIDP
patients after treatment with PE or IVIg. In fact,
while myelin disruption and axon loss are clear
pathologic factors that lead to disability,** fast
recovery after treatment cannot be explained on the
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basis of remyelination, but rather by functional
conduction block induced by humoral factors
against molecules at the NOR, region associated
with saltatory conduction.™® Also, the worsening
seen at the end of treatment effect, often predicta-
ble at 3—5weeks, probably is not due to another
demyelinating episode, but to the reappearance of
the conduction block across the nodes.>*

Over the past decade, several autoantibodies
against proteins of NOR (Neurofascin, NF 186/140)
and paranodes (Contactinl, CNTN1; Neurofascin
1 NF155; paranodin (CASPR1) have been
described.®%¢

Myelinated nerve fibers consist of four domains:
the node, paranode, juxtaparanode, and internode.

Recently, NF186 and NF140, antigens located at
the NOR, were reported as the main targets of
autoantibodies in five patients.” The paranodal
region, at the margin of the NOR, is the site where
myelin sheath contacts the axon enabling a high
density of Na+ channels at the NOR and K+ chan-
nels at the juxta-paranodes.®®

IgG4 anti-CNTNI1 antibodies selectively disrupt
the binding of the CNTNI-CASPR1 complex to
NF155,% a paranodal myelin constituent that inter-
acts with CNTNI1 to attach the paranodal loop to
the axolemma. Loss of this attachment changes the
nodal architecture and exposes Kp channels in the
juxtaparanodal region to limit saltatory conduc-
tion, causing conduction block and slowing.”

In CIDP patients with autoantibodies against
nodal or paranodal components, there is not a
unique phenotype; for example, patients with anti-
NF155 antibodies have younger ages of onset, disa-
bling tremor, sensory ataxia, very high CSF protein
levels, and poor response to [VIg.”! The phenotype
associated with CNTNI1 antibodies is more varia-
ble, with some patients presenting at advanced ages
with predominant motor involvement, rapid symp-
tom onset, early axonal involvement, and poor
response to [VIg, while others present with clinical
features similar to anti-NF155.% Autoantibodies to
nodal/paranodal proteins have been reported also in
other forms of neuropathies such as multifocal
motor neuropathy (MMN).”2

The broad phenotypic variability in the clinical
spectrum of CIDP suggests that several mecha-
nisms play a role in the immunopathological pro-
cess. Although significant progress has been made,
more studies are still needed to explain the

complex immunopathogenesis of the majority of
CIDP cases.

For example, differences in peripheral myelin
antigen-specific T-cell responses and T memory
subsets have been recently reported in atypical ver-
sus typical CIDP.”® This evidence suggests that
typical and atypical forms may probably subtend
different pathogenetic mechanisms.

Diagnosis

Diagnosis of CIDP is based on the documentation
of demyelination on sensory and motor nerve con-
duction studies. Typical features are slowed motor
conduction velocity, prolonged F-waves and distal
motor latency, temporal dispersion of CMAP and
motor conduction blocks in accord with the EFNS/
PNS criteria (Figure 2).*

As in GBS, CSF shows albumin-cytologic dis-
sociation with high CSF proteins and normal cell
count. If pleocytosis is present, HIV, Lyme’s dis-
ease, sarcoidosis, and lymphoma should be consid-
ered as alternative diagnoses.’”*”?

Nerve biopsies may demonstrate “onion bulbs,”
which are indicative of recurrent demyelination-
remyelination, segmental demyelination, mononu-
clear cell infiltrates, Schwann cell proliferation and
endoneurial collagen deposition (Figure 3).44

Treatment

Usual CIDP therapeutic options include corticos-
teroids, [VIg, PE and immunosuppressant drugs.
EFNS/ PNS guidelines, stated in 2010, recom-
mend the use of IVIg (2g/kg) or corticosteroids
(prednisolone 60mg/day) as first-line induction
treatment, when disabling sensory and motor
symptoms are present (while patients with mild
symptoms, not interfering with activities of daily
living, might be followed up without treatment).*?
PE, albeit equally effective, may have lower toler-
ability. When CIDP has pure motor involvement,
only IVIg should be considered as initial treat-
ment.*? If a first-line treatment is ineffective or
causes adverse events, other first-line therapies
should be considered before passing to second-line
strategies such as immunosuppressant drugs or
combination approaches. For maintenance therapy,
the continuation of the first-line approach is rec-
ommended until the maximum benefit is reached,
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Figure 2. Nerve conduction studies in two patients affected by Chronic inflammatory demyelinating polyneuropathy.

Electrodiagnostic studies performed in a CIDP patient; in (a) a proxi

mal partial conduction block and severe temporal dispersion

with polyphasic CMAP of the median nerve; in (b) a second CIDP patient presents reduced nerve conduction velocity, prolonged

distal motor latency, temporal dispersion with polyphasic CMAP of the median nerve.
CIDP: chronic inflammatory demyelinating polyneuropathy; CMAP: compound motor action potential.
The authors have obtained the necessary permission directly from the patients to reproduce the figures in this article.

with a subsequent tapering of the dose to determine
the lowest effective amount.*

Regarding the use of corticosteroids, even if
broadly utilized, such guidelines have been called
into question by recent meta-analyses.”®’” In par-
ticular, it was highlighted that only one trial com-
pared oral prednisone, at a dosage of 120 mg every
second day (and 5 mg on alternate days) tapering to
Omg over 13weeks, with no treatment.’”® In this

study, the authors concluded that corticosteroids
were significantly effective in reducing sensory-
motor impairment and improving nerve conduc-
tion outcomes. Nonetheless, further analysis
revealed that evidence from this study had a very
low quality with a high risk of bias and incorrect
results because many patients were excluded from
the analysis as they infringed the protocol and only
results for the remaining patients were reported.’®
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Figure 3. Nerve biopsy from a patient with CIDP. Semi-thin
transverse section (0.7 um) of sural nerve.

Note reduction of density of fibers, loss of large and small myelinated
fibers, presence of thinly myelinated axons (white arrow). An onion
bulb (black arrow) is characterized by small myelinated fibers are
surrounded by multiple concentric layers of Schwann cell cytoplasmic
processes (Toluidine blue; bar =15 pm).

CIDP: chronic inflammatory demyelinating polyneuropathy.

The authors have obtained the necessary permission directly from the
patients to reproduce the figures in this article.

No study compared corticosteroids to placebo.”
One trial compared daily oral prednisolone with
high-dose oral dexamethasone. There was no sig-
nificant difference in reaching and keeping remis-
sion after 12 months, although there was a more
rapid improvement in the dexamethasone group.”
Also, corticosteroids have many and well-known
side effects, whose incidence is higher in protracted
treatments. Moreover, their occurrence may be at
times caused even by low (=<7.5mg/d) dosages.
Common side effects include osteoporosis, avascular
necrosis of bones, myopathy, effects on glucose
metabolism (mild increase in fasting and postpran-
dial blood glucose levels), dyslipidemia, weight gain
and cushingoid features, adrenal suppression, growth
suppression, gastrointestinal effects (gastritis, peptic
ulcer formation, visceral perforation, hepatic steato-
sis, pancreatitis, and gastrointestinal bleeding),
hypertension, coronary heart disease, dermatoporo-
sis, neuropsychiatric alterations (minor mood
changes, depression, euphoria, mood lability, irrita-
bility, akathisia, and anxiety), cataract, glaucoma,
and immunosuppression.®’ Therefore, corticosteroid
administration should always be weighed, consider-
ing the potential risks and benefits for the patient.
The exact mechanism of action of IgG in CIDP
is not fully understood, but the modulation of the
FC region of IgG is hypothesized to play an
important role.3! The largest randomized

placebo-controlled study was conducted on 117
patients and tested the efficacy of a baseline load-
ing dose of 2 g/kg over 2—4 days followed by a
maintenance infusion of 1g/kg over 1-2days
every 3 weeks for up to 24 weeks versus placebo.®!
According to this study, patients treated with [VIg
experienced an improvement in disability and
strength, with a longer time to relapse. Two trials
directly compared the efficacy of corticosteroids
and IVIg,%?# but there was little or no difference
in a short-term improvement of disability between
the two different treatments.”’

In 2018, the first randomized, double-blind, pla-
cebo-controlled trial on subcutaneous administra-
tion of Ig (SClg), conducted on 172 patients,
showed that SCIg were efficacious in preventing
CIDP relapses and well-tolerated, suggesting its
suitability as a maintenance treatment.®*

One trial compared IVIg with PE® and showed
no significant short-term differences in change in
impairment. PE has been proven to cause a clini-
cally important improvement in disability in two
trials;®87 however, patients also experienced
adverse events in 3%—17% of cases, related in dif-
ficulties with venous access, hypocalcemia related
to the use of citrate and hemodynamic changes
(mostly hypotension).

Concerning immunosuppressant drugs, only
one randomized trial tested the efficacy of azathi-
oprine (2 mg/kg) in addition to prednisone alone.®
The quality of the evidence from this trial is very
low; therefore, it is not possible to establish its
efficacy in CIDP treatment.”” One trial showed
that there is little or no difference in change in dis-
ability scores between methotrexate (given in
escalating doses from 7.5 to 15mg weekly for
32 weeks) and placebo.® Similarly, a trial on inter-
feron beta la did not show benefits in patients
when compared to placebo.”’

Future directions

Evidence-based treatments for GBS and CIDP
include IVIg and PE; moreover, in CIDP only, cor-
ticosteroids are commonly used in clinical prac-
tice. However, several unproven treatments are
given in treatment-refractory disease.>’

There is little evidence for many immunomodu-
lating and immunosuppressive compounds, which
have been proposed as therapeutic options, but ran-
domized controlled trials are still needed. In the
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Table I. The table presents new possible therapeutic options in inflammatory neuropathies.

Drug

Mechanism

Evidences

Fingolimod

Alemtuzumab

Natalizumab

Etanercept
Rituximab

Ocrelizumab/ofatumumab

Effect on the sphingosine-|-phosphate receptor with
result in sequestration of lymphocytes in lymph nodes
preventing their autoimmune action

Antibody against CD52 leading to complement-
dependent cell lysis, antibody-dependent cytotoxicity and
apoptosis which results in 12 months lasting lymphopenia
Activity against cellular adhesion and T-cell migration by
direct action on the 04| integrin

Tumor necrosis factor-a antagonist

Anti-CD20 monoclonal antibody that target CD20 in B
cell surface

Anti-CD20 monoclonal antibody that target CD20 in B
cell surface

In CIDP: Phase Il clinical trial,
aborted

In CIDP: Open-label, single-group
study of safety, tolerability and
efficacy

In CIDP: Single reports and small
case series

In CIDP: Single case series

In CIDP: Several reports and case
series

No data available

In GBS: a multicentre, double-blind,

Eculizumab humanized monoclonal antibody against the complement
protein C5
IFN-B-1a Down-regulation of inflammatory responses

randomized phase 2 trial (ongoing)
In CIDP: 2 RCT
In GBS: reports and case series

CIDP: chronic inflammatory demyelinating polyneuropathy; GBS: Guillain—Barré syndrome; RCT: randomized clinical trial.

Table 1, we provide an overview of the current evi-
dence on possible new treatments in GBS and
CIDP and ongoing trials.

Fingolimod, an immunomodulatory drug used in
multiple sclerosis, constitutes a promising therapeu-
tic candidate for CIDP. Recent data from studies in
vitro suggested that fingolimod might induce nerve
regeneration promoting Schwann cell phenotype.”
A randomized clinical trial (RCT) of Fingolimod
versus placebo in CIDP was performed and termi-
nated prematurely due to clinical futility.”!

Alemtuzumab is an anti-CD52 monoclonal anti-
body used in the treatment of chronic lymphocytic
leukemia and multiple sclerosis.”? In a small cohort
of patients, it was reported a beneficial effect in
prolonged remission in young patients with short
disease duration.”>** However, its larger applica-
tion is still limited because of many side effects,
such as autoimmune thyroiditis.

Natalizumab acts against cellular adhesion and
T-cell migration by direct action on the o431 integ-
rin. It is used in multiple sclerosis and was initially
described as producing deterioration in a single
patient with CIDP.” Treatment of three subjects at
a single center resulted in inconsistent outcomes.*®

Etanercept is a tumor necrosis factor-o. antago-
nist. It is used effectively in rheumatoid and psori-
atic arthritis. It was used in 10 reported patients
with CIDP with promising effects.”” However,
Etanercept has been associated with central and
peripheral demyelination.”®

Rituximab is an anti-CD20 monoclonal antibody
that has been used successfully in neuromuscular
diseases and in a small number of patients with
CIDP.”1% Several reports and case series describe
the efficacy of rituximab in CIDP, and it was pro-
posed in refractory disease.!*!°! Further anti-CD20
drugs, such as ocrelizumab and ofatumumab, might
constitute future therapeutic options.

Based on the potential to suppress complement-
mediated nerve damage, a phase 2 study was con-
ducted to assess the safety and efficacy of the
administration of 900 mg of eculizumab (a human-
ized monoclonal antibody against the complement
protein C5) plus IVIg in subjects with severe
GBS.!%2 Although eculizumab did not reach the
expected primary outcome in that study on GBS,
this treatment had good results in patients with a
mutation in the CD59 gene and the murine model
of GBS,!%1% thus remaining a promising treat-
ment requiring further investigation.!%

IFN-B-1a is a cytokine which downregulates
inflammatory responses, used for relapsing-remit-
ting multiple sclerosis. A few reports suggested a
possible effect in GBS, but two RCTs failed to con-
firm any benefit in CIDP.!06:107

Bregs and Tregs have been implicated in modu-
lating CIDP pathogenesis and disease progression
based on new perspectives derived from murine
SAP models; hence, therapies aiming at the expan-
sion of Bregs and Tregs may be an effective
approach in autoimmune neuropathies.*’
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Ongoing and future trials may point out addi-
tional therapies in CIDP. However, newer agents
require adequate double-blind, placebo-controlled,
randomized trials to improve our understanding
of their potential benefits and toxicities.
Homogeneous populations supported by collabo-
rative research to better define inflammatory pol-
yradiculoneuropathies, guided by the use of
peripheral nerve and nerve root specimens, CSF
or blood from these patients should further aid
our understanding of these disorders using uni-
formly collected data. There is a need to compare
responsiveness to different treatments based on
valid and reliable measures and standardize their
use in evaluating patients with inflammatory pol-
yradiculoneuropathies. Automated, non-biased
high throughput screening approaches (e.g. tran-
scriptomics, proteomics) can offer more reliable
data to study patients affected by inflammatory
polyradiculoneuropathies compared to age- and
sex-matched  non-inflammatory = neuropathy
patients and healthy controls. Changes in levels
of autoantibodies should also be monitored
closely and more efforts should be done to iden-
tify predictors of response to molecularly targeted
agents. Finally, adequate randomization and study
of CIDP variants in clinical trials are required.

Limitations

The principal limitation of this study is that it is a
narrative review and not a systematic review or a
meta-analysis. However, the aim of the study was
not to present an evidence-based review of the
sparse literature on inflammatory polyradiculoneu-
ropathies but to make the reader aware of the new
perspectives and advance in the pathophysiology
and mechanisms of these diseases with an update
on diagnosis and therapy. The majority of the stud-
ies analyzed presented many pitfalls that could have
made difficult to evaluate the efficacy of different
treatment regimens in GBS and CIDP; first of all,
the measures of outcome and the grade of involve-
ment among different studies are heterogeneous.
Although a well-documented efficacy is available
to date for some clinical instruments, less power-
ful evidence is available for others. A further limi-
tation emerges from the inhomogeneity in the
treatment in patients treated with immunosuppres-
sants, monoclonal antibodies (i.e. Rituximab), and

steroids. It is a well-known fact that steroids can
impact on the severity of the disease and this issue
might have influenced the interpretation of results
from the mentioned studies.

Conclusion

Inflammatory polyradiculoneuropathies are dis-
orders with undetermined pathogenesis without
specific therapies. However, our knowledge on
the immunopathogenesis is still evolving and
significant efforts have been made in the last
years to understand their pathogenesis.

Little is known about the determinants of sus-
ceptibility in inflammatory neuropathies, but many
studies in animal models, as well as in patients
with inflammatory neuropathies are ongoing.

Diagnosis is moreover clinical, but nerve con-
duction studies and MRI have an important role in
the differential diagnosis. Evidence-based treat-
ments for GBS and CIDP include IVIg and PE. In
CIDP only, corticosteroids are frequently used with
a good efficacy. These treatments are effective in
typical forms when started early from disease onset,
but there is a lack of efficacy in clinical variants and
more specific and target therapies are still needed.

Our understanding of disease mechanisms in
inflammatory neuropathies has improved in the
last years. Furthermore, recent advances in immu-
nology and molecular biology are going to arrive
in the pathogenesis of these disorders and new tar-
get antigens will probably be described in the next
future. Several drugs might be candidates for pos-
sible use in clinical practice, but newer agents
require adequate randomized controlled trials to
demonstrate their efficacy and safety profiles.
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