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REVIEW

Intravenous immunoglobulin in chronic inflammatory demyelinating 
polyradiculoneuropathy (CIDP): mechanisms of action and clinical and genetic 
considerations
Marinos C. Dalakasa, Norman Latovb and Krista Kuitwaardc,d

aDepartment of Neurology, Thomas Jefferson Neuroimmunology Unit, Philadelphia, PA and National and Department of Pathophysiology, 
Kapodistrian University of Athens, Greece; bNeuroimmunology Unit, Weill Cornell Medical College, New York, NY, USA; cDepartment of Neurology, 
Erasmus MC, University Medical Center, Rotterdam, The Netherlands; dDepartment of Neurology, Albert Schweitzer Hospital, Dordrecht, The 
Netherlands

ABSTRACT
Introduction: Chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) is an autoimmune 
peripheral nerve disorder that is characterized by subacute onset, progressive or relapsing weakness, 
and sensory deficits. Proven treatments include intravenous immunoglobulin (IVIg), corticosteroids, and 
plasma exchange. This review focuses on the mechanisms of action, pharmacodynamics, genetic 
variations, and disease characteristics that can affect the efficacy of IVIg.
Areas covered: The proposed mechanisms of action of IVIg that can mediate its therapeutic effects are 
reviewed. These include anti-idiotypic interactions, inhibition of neonatal Fc receptors (FcRn), anti- 
complement activity, upregulation of inhibitory FcγRIIB receptors, and downregulation of macrophage 
activation or co-stimulatory and adhesion molecules. Clinical and genetic factors that can affect the 
therapeutic response include misdiagnosis, degree of axonal damage, pharmacokinetic variability, and 
genetic variations.
Expert opinion: The mechanisms of action of IVIg in CIDP and their relative contribution to its efficacy 
are subject of ongoing investigation. Studies in other autoimmune neurological conditions, in addition, 
highlight the role of key immunopathological pathways and factors that are likely to be affected. 
Further investigation into the pathogenesis of CIDP and the mechanisms of action of IVIg may lead to 
the development of improved diagnostics, better utilization of IVIg, and more targeted and effective 
therapies.
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1. Introduction

Chronic inflammatory demyelinating polyradiculoneuropathy 
(CIDP) is the most common autoimmune peripheral nerve 
disorder. It is characterized by subacute onset and progressive 
or relapsing weakness, sensory deficits, and areflexia [1]. The 
reported incidence ranges between 0.15 and 0.70 cases per 
100,000 person-years and the prevalence between 0.67 and 
7.7 cases per 100,000 persons [2].

The clinical presentation of CIDP is variable, and diagnostic 
guidelines have been proposed to delineate several subtypes 
[3]. First-line treatments with proven efficacy based on con-
trolled trials include intravenous immunoglobulin (IVIg), corti-
costeroids, and plasma exchange [4]. The present review 
focuses on the proposed mechanisms of action of IVIg in 
CIDP, and the clinical and genetic factors that could affect its 
efficacy.

2. Mechanisms of action of IVIg in CIDP

The therapeutic effects of IVIg in CIDP are thought to be 
mediated by multiple mechanisms, including: 1) anti-idiotypic 

antibody activity; 2) saturation of neonatal Fc receptors (FcRn), 
3) anti-complement activity; 4) upregulation of inhibitory 
FcγRIIb receptors that inhibit macrophage activation, and 5) 
downregulation of co-stimulatory and adhesion molecules.

2.1. Anti-idiotypic antibodies

CIDP is an autoimmune disease that targets the myelin in per-
ipheral nerves. It is thought to be mediated by cellular and 
humoral mechanisms, although specific antigens have not 
been identified. IVIg, however, has also been shown to be effec-
tive in the treatment of other autoimmune neuropathies in 
which there are antibodies to specific nerve antigens, including 
multifocal motor neuropathy (MMN) with IgM antibodies to GM1 
ganglioside, and acute motor axonal neuropathy with IgG anti-
bodies to GM1 or GD1a gangliosides [5].

IVIg is manufactured from plasma collected from ≥ 1,000 
donors and contains anti-idiotypic antibodies that bind through 
their F(ab’)2 regions. The greater the number of donors, the 
greater the idiotypic repertoire (Figure 1) [6]. The anti-idiotypic 
effect of IVIg on autoantibody binding was demonstrated in 

CONTACT Norman Latov nol2002@med.cornell.edu Peripheral Neuropathy Clinical and Research Center, Weill Cornell Medical College, 1300 York Avenue, 
10065, New York, NY, USA

EXPERT REVIEW OF NEUROTHERAPEUTICS                                                                                                                     
2022, VOL. 22, NOS. 11–12, 953–962
https://doi.org/10.1080/14737175.2022.2169134

© 2023 Informa UK Limited, trading as Taylor & Francis Group

http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/14737175.2022.2169134&domain=pdf&date_stamp=2023-01-30


several studies. One study reported that binging anti-GM1 anti-
bodies on ELISA plates was inhibited by both IVIg and IVIg F(ab’)2 

fragments to a similar degree [7]. In another study, IVIg inhibited 
the binding of patient sera containing anti-GD1a antibodies by 
immune-overlay on thin layer chromatography [8]. Similar inhibi-
tion was noted with serum from patients whose Guillain-Barré 
syndrome (GBS) improved after administration of IVIg [8].

The anti-idiotypic effect of IVIg was also demonstrated 
using autoantibody-positive sera from patients with GBS and 
Miller Fisher syndrome (MFS) by preventing the in vitro dama-
ging effect of anti-GQ1b antibodies on motor nerve terminals 
[10], and by neutralizing the effect of GBS antibodies that 
block quantal release in a nerve muscle preparation [11]. 
Both serum from patients that improved after IVIg administra-
tion, and F(ab’)2 fragments from IVIg, neutralized blocking 
antibodies in a dose-dependent manner [11,12].

2.2. Saturation of neonatal Fc receptors (FcRn)

Treatment with IVIg for 3 months was shown to suppress the 
level of circulating autoantibodies [12,13]. This was demon-
strated in controlled studies of anti-glutamic acid 

decarboxylase (GAD) antibodies in Stiff-person syndrome 
(SPS) [13] and of anti-voltage gated calcium channel (VGCC) 
antibodies in Lambert-Eaton myasthenic syndrome (LEMS) 
[14]. This effect seems likely related to saturation of the FcRn.

The FcRn protects circulating IgG from degradation by 
recycling it into the circulation [15]. After pinocytosis, FcRn- 
containing endosomes direct IgG away from lysosomes and 
back to the cell surface for release into the extracellular space. 
If the FcRn is blocked, the IgG is directed into the lysosomes 
for degradation instead. Administration of IVIg raises serum 
IgG to supraphysiological levels which saturates the FcRn and 
redirects the endogenous autoantibodies to the lysosomes for 
degradation, resulting in increased catabolism and lowering of 
the circulating autoantibody levels (Figure 2).

2.3. Anti-complement activity

A key effect of IVIg is to inhibit complement activation. 
Complement is involved in both antibody-mediated cytotoxi-
city and macrophage activation. The latter is thought to play a 
major role in CIDP which is considered to be a macrophage- 
mediated demyelinating neuropathy (Figure 3) [16].

The inhibition of complement by IVIg has been shown to 
occur at the C3ab level (Figure 4), with significant complement 
consumption observed at 2 days following administration of 
IVIg [17]. Inhibition of complement at the C3 level prevents 
the formation of membrane attack complex (MAC). After treat-
ment with IVIg, C3b and MAC deposits disappeared in the 
muscle of dermatomyositis patients [17], an effect reflected 
in the muscle microvasculature of IVIg-treated patients. 
Microvascular pathology and perifascicular atrophy were 
reversed by effective IVIg therapy as evidenced by neovascu-
larization and restoration of tissue architecture [17]. The effect 
of IVIg on complement activation was also shown with serum 
from patients with GBS and anti-GD1a antibodies, where IVIg 
was shown to inhibit complement fixation by the antibodies 
on sections of sciatic nerve [8].

Figure 1. Illustration of idiotypes within the IVIg and their effect on pathogenic antibodies. The IgG’s within the IVIg, derived from multiple donors, contain anti 
idiotypic antibodies that form dimers in F(ab’)2 pairs; the larger the pool of donors, the higher the number of F(ab’)2 pairs and wider the spectrum of idiotypic-anti- 
idiotypic antibody specificities [6]. Reprinted from Dalakas [9] with permission from Wolters Kluwer. 

Article highlights

● IVIg has multiple putative immunomodulatory effects that could 
contribute to its efficacy in the treatment of CIDP.

● The therapeutic effects of IVIg can be mediated by anti-idiotypic 
interactions, inhibition of FcRn, anti-complement activity, upregula-
tion of inhibitory FcγRIIb receptors, and downregulation of macro-
phage activation and co-stimulatory and adhesion molecules.

● Clinical factors such as misdiagnosis, degree of axonal damage, and 
variability in pharmacokinetics or bioavailability can affect respon-
siveness in individual patients.

● Several genetic variations have been linked to responsiveness to IVIg.
● Additional studies to clarify the mechanism of IVIg in CIDP could lead 

to the development of improved diagnostics, better utilization of 
IVIg, and more targeted therapies.
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Figure 4. IVIg inhibits the complement pathway at the C3b level (arrow), intercepting the formation of MAC (Membranolytic Attack Complex) [17,18]. Reprinted 
from Dalakas [19]. 

Figure 2. Supra-physiological IgG levels after IV infusion saturate the FcRn enhancing IgG catabolism. Reprinted from Dalakas and Spaeth [15] under open access 
license CC-BY-NC 4.0. 

Figure 3. Role of complement in CIDP. Reprinted from Querol et al. [16] under open access license CC-BY-NC 4.0. 

EXPERT REVIEW OF NEUROTHERAPEUTICS 955



2.4. Inhibitory FcγRIIB receptors and macrophage 
activation

IVIg also has a direct effect to inhibit macrophage activation. 
Macrophages have been shown to split the myelin lamellae in 
CIDP [20], and macrophage activation via Fc receptors has 
been shown to play a role in disease pathogenesis [21]. In 
tissue sections, Incubation with IVIg modulated 30–40% of the 
Fc receptors on invading macrophages in muscle fibers [15].

Among the Fcγ receptor families, the FcγRIIA activates 
while the FcγRIIB inhibits tyrosine-based motifs on monocytes 
and B-cells [6], and mice lacking FcγRIIB tend to develop 
autoimmune diseases [22,23]. The FcγRIIB receptors transduce 
inhibitory signals that prevent B-cells from transforming into 
IgG-producing plasma cells [6]. In mice, the administration of 
IVIg was shown to induce upregulation of FcγRIIB receptors 
[24]. CIDP patients have decreased FcγRIIB expression on naïve 
B cells and monocytes and fail to upregulate or maintain 
FcγRIIB during disease progression [25]. Administration of 
IVIg, however, upregulated FcγRIIB expression on monocytes 
and B cells including CD32+ monocytes, in patients with CIDP 
or MMN [26].

FcγRIIB expression can also be affected by sialylation of IgG. 
Nimmerjahn and Ravetch proposed that the anti-inflammatory 
activity of IVIg was attributable to a minor species of IgG 
modified with terminal sialic acids on the Fc-linked glycans 
acting through a unique receptor on macrophages, the activa-
tion of which leads to upregulation of FcγRIIB [27]. Normally, 
the sialic acid-containing isoform makes up 1–2% of IVIg but 
enriching this isoform up to 20% enhanced the anti-inflamma-
tory effect of IVIg [28]. Analysis of samples from the Immune 
Globulin Intravenous CIDP Efficacy (ICE) trial [29] showed that 
induction of IgG Fc sialylation was associated with CIDP remis-
sion, with a significant correlation between improvement after 
24 weeks of treatment and degree of Fc sialylation [30].

2.5. Co-stimulatory and adhesion molecules

Other effector molecules that can be affected by IVIg are the 
co-stimulatory molecules. The Dalakas laboratory demon-
strated that Schwann cells and macrophages in nerves from 
CIDP patients express several co-stimulatory molecules [31]. 
Peter Hartung’s group also demonstrated that the inducible 
co-stimulator (ICOS) on T lymphocytes, and the inducible co- 
stimulator ligand (ICOS-L) were expressed by macrophages 
within the peripheral nerve in inflammatory neuropathies 
(GBS, CIDP and vasculitic neuropathy) [32]. The same group 
also reported the expression of chemokines and chemokine 
receptors in sural nerve biopsies from patients with autoim-
mune demyelinating neuropathies [33]. The expression of the 
co-stimulated molecules can be suppressed by IVIg. As an 
example, the expressions of major histocompatibility class I 
(MHC-1), intercellular adhesion molecule 1 (ICAM-1), and trans-
forming growth factor beta (TGF-beta) were downregulated 
after IVIg treatment in patients with dermatomyositis 
[18,34,35,36]. In muscle biopsies of patients with inflammatory 
myopathies, IVIg administration downregulated of mRNA 
expression of the adhesion molecules ICAM-1, Kallmann 1 

(KAL-1, anosmin), and matrix metalloproteinase-9 (MMP-9) 
[37,38].

Administration of IVIg also inhibits the activity of the adhe-
sion molecules. In mice with experimental autoimmune ence-
phalomyelitis [39], IVIg was shown to inhibit the rolling and 
adhering of lymphocytes indicating a decrease in the recruit-
ment of activated lymphocytes to the affected tissue. In 
another study, IVIg inhibited cytokine damage of cultured 
myotubes mediated by interleukin-1b [15].

3. Clinical factors that can affect the response to 
IVIg in CIDP

The dosage and frequency of administration of IVIg differs 
among CIDP patients [40], and some patients required two 
courses of IVIg to show an initial response [41]. In a retro-
spective study conducted by Kuitwaard et al. in collaboration 
with Angelika Hahn, the responses to IVIg were investigated in 
281 treatment-naïve CIDP patients [42]. These patients met 
the diagnostic criteria for CIDP established by the European 
Federation of Neurological Societies/Peripheral Nerve Society 
(EFNS/PNS) [43], with responsiveness defined as an improve-
ment of at least one grade in the modified Rankin scale [44]. 
The study showed that 76% of the patients were responsive to 
IVIg [42]. The group that was non-responsive to first-line IVIg 
treatment was likely to show good responses to second line or 
even third-line treatments (corticosteroids or plasma 
exchange) [42].

There are a number of possible reasons to explain the 
variability between patients in responsiveness to IVIg. These 
include misdiagnosis, degree of axonal damage, and differ-
ences in pharmacokinetics or pharmacogenetics. Further 
investigations into the variability of responses could shed 
light on the mechanistic effect of IVIg, improve treatment 
outcomes by selecting patients that are most likely to 
respond, and help expand our understanding of the immuno-
pathogenesis of CIDP.

3.1. Diagnostic difficulties in CIDP

There is no gold standard for the diagnosis of CIDP and mis-
diagnosis is common [45,46]. The recent European Academy of 
Neurology/Peripheral Nerve Society (EAN/PNS) CIDP guideline 
was developed to avoid misdiagnosis and incorrect treatment, 
but not all neurologists in routine practice follow these guide-
lines, and it is not proven that adherence to the guidelines would 
improve diagnosis [3]. This update of the 2010 EFNS/PNS guide-
line [43] divides CIDP into (typical) CIDP and CIDP variants. [3,47] 
Among the disorders that are no longer classified as CIDP are 
autoimmune nodopathies [3], which include patients with spe-
cific clinical characteristics and antibodies against nodal-parano-
dal cell adhesion molecules (contactin-1 [CNTN1], neurofascin- 
155 [NF155], contactin-associated protein 1 [Caspr1], and neuro-
fascin isoforms [NF140/186]). These nodopathies, which were 
included as CIDP variants in the 2010 guideline, are thought to 
comprise about 10% of CIDP cases [47].

The antibodies in nodopathy patients are mainly of the IgG- 
4 subclass which do not activate the complement cascade and 
have reduced capacity to bind to Fc receptors, rendering them 
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unable to activate cellular and complement-mediated immune 
responses that are inhibited by IVIg [48]. As a result, these 
patients do not respond to IVIg or their response is minimal 
and only if some of these antibodies are also of the IgG1-IgG3 
subclass [49]. Differences in the proposed spectrum of CIDP 
between the 2010 EFNS/PNS guideline [43] and the new EAN/ 
PNS guideline [3] are displayed in Figure 5 [47].

Typical CIDP is characterized by motor and sensory distur-
bances with proximal and distal muscles involved and 
accounts for more than 50% of CIDP cases. Additionally, 
there are sensory (<35% of the patients) and motor predomi-
nant (<10%) variants as well as multifocal (also termed asym-
metric: <15%) and distal types (10–15%) of CIDP [47]. Patients 
with typical CIDP are very likely to be responsive to IVIg 
treatment (78%–87%) [50,51]. IVIg has been shown to be 
highly effective in pure motor and sensory variants as well 
(82% and 86%, respectively) [52]. Doneddu et al. [50] showed 
that patients with the distal and multifocal (also called multi-
focal acquired demyelinating sensory and motor neuropathy: 
MADSAM) variants of CIDP are less likely to be responsive to 
IVIg (50% and 42%, respectively). However, whether some of 
these patients had non-identified nodopathies is uncertain. 
Another study of IVIg treatment in multifocal CIDP showed 
that MADSAM patients had longer times to remission in addi-
tion to being less responsive to IVIg [51]. Of the multifocal 
CIDP patients, 23% were unresponsive to any of the treat-
ments used (IVIg, corticosteroids, or plasmapheresis) [51]. 
The multifocal CIDP patients also had more frequent muscle 

atrophy than those with typical CIDP (50% vs. 22%, P = 0.005), 
probably due to greater axonal loss [51].

Several clinical factors have been associated with a lack of 
responsiveness to IVIg (Table 1). These include: 1) the presence 
of pain [42]; 2) a difference in weakness between the arms and 
legs [42]; 3) muscle atrophy [51,52]; and reduced compound 
muscle action potentials (CMAPs) [52]. All these factors could 
be related to axonal damage. Some of the IVIg non-responders 
might have had a nodopathy, as older studies did not routi-
nely test for IgG4 anti-nodal antigen antibodies.

In the recently issued guideline, responsiveness to treatment 
was a supportive criterion for the clinical diagnosis of CIDP [3]. 

Figure 5. Proposed spectrum of CIDP according to the revised 2021 European Federation of Neurological Societies/Peripheral Nerve Society (EAN/PNS) CIDP 
guideline [3]. Changes in revised 2021 guideline compared to the 2010 [43] are displayed in red. This figure modified from Bunschoten et al. [47] with permission 
from Elsevier. 

Table 1. Factors associated with IVIg response in CIDP.

Responsiveness to IVIg

Clinical Features
Typical CIDP ++++
Distal CIDP +++
Multifocal CIDP ++
Pain +
Difference in weakness between arms and legs ++
Muscle atrophy ++

Genotype
CNTN2 
p. Ala145Thr

++

PRF1 
p. Ala91Val

+++

FCGR2B 
Promoter 2B.4/2B.1

++++
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Patients, however, need to show an objective response as indi-
cated by improvement on at least one disability scale and one 
impairment scale [3], based on the minimal clinically important 
difference (MCID) cutoff values. The disability scales include the 
inflammatory Rasch-built Overall Disability Scale (I-RODS) and 
Inflammatory Neuropathy Cause and Treatment (INCAT) disabil-
ity score [3], and the impairment scales include the Medical 
Research Council (MRC) sum score, the Modified INCAT Sensory 
Sum scale (MISS), Neuropathy Impairment Score (NIS), and the 
Martin Vigorimeter [3]. With an objective treatment response, the 
diagnosis can be upgraded from possible CIDP to CIDP [3].

A potential reason for ineffectiveness of IVIg in CIDP is 
misdiagnosis. In patients that do not respond to treatment, 
it is important to consider whether the patient’s disease is 
true CIDP, an IgG4-antibody associated autoimmune nodo-
pathy, or another condition that can cause demyelination 
or mimics CIDP, such as hereditary demyelinating neuro-
pathy, diabetes, anti-MAG antibodies, POEMS syndrome, or 
amyloidosis. A lack of response, however, does not exclude 
CIDP and an objective response does not prove the diag-
nosis, as it is not specific for CIDP. DNA testing, in parti-
cular, is not always done, even if there are a number of 
genetic conditions that can mimic CIDP [53] and show 
conduction block outside of compression places or tem-
poral dispersion [53]. The genetic disorders that can mimic 
CIDP are listed in Table 2 [3,53,54].

In a retrospective study by Hauw et al. [55] of 1104 
patients that fulfilled the EFNS/PNS 2010 criteria for definite 
or probable CIDP [43], 56 patients were suspected to have 
hereditary neuropathies, and genetic investigations con-
firmed the diagnosis of Charcot-Marie-Tooth (CMT) disease 
in 35 of the 56. When comparing the clinical characteristics 
of the CMT patients to a control group of patients with 
definite or probable CIDP by the EFNS/PNS criteria [43], 
the CMT patients were distinguished by early disease 
onset (<40 years old), a positive family history for CMT, 
and presence of muscle atrophy at the initial presentation 
[55]. The CMT patients that were misdiagnosed with CIDP 
were less responsive to IVIg than patients with CIDP (20% 
vs. 57% p < 0.001) [55]. Of interest, there was an objective 
improvement in muscle strength in 20% of the CMT 

patients, although the assessment was not standardized 
[55]. Three of the misdiagnosed patients had a GJB1 muta-
tion [55]. Misdiagnosis and ineffective treatment of these 
patients resulted in substantial expenditures, with the esti-
mated cost of the IVIg treatment of 4.6 million euros [55]. It 
would have been substantially less expensive (2.7 million 
euros) to perform genetic testing on the entire cohort of 
1104 patients [55]. In a study by Kuitwaard and colleagues 
looking at genetic biomarkers for IVIg responsiveness in 
patients diagnosed with CIDP, none of the 169 patients 
tested for GJB1, had CMT1X misdiagnosed as CIDP [56].

3.2. Axonal damage

Another reason for a lack of IVIg efficacy in CIDP is the occur-
rence of axonal loss. Studies showed that non-responsiveness 
to IVIg is associated with reduced CMAP amplitudes and a 
greater degree of muscle atrophy [52]. Greater axonal loss is 
also associated with a worse long-term prognosis [57]. Axonal 
damage has also been associated with decreased responsive-
ness to subcutaneous immunoglobulin (SCIg) [58]. Axonal loss 
is more likely to be irreversible, whereas remyelination can 
more readily occur.

3.3. Pharmacokinetics of IVIg

Another factor that could explain the variability of the 
response to IVIg is the difference in pharmacokinetics. A 
study in patients with GBS showed a considerable variation 
in serum IgG levels after standard (2 g/kg) treatment with IVIg 
[59]. Patients with GBS who had a low increase in serum IgG 
were less likely to be able to walk unaided after six months 
[56]. In CIDP, patients treated with the same dose and interval 
showed different peak and trough levels of IgG [60], although 
association with outcome was not evaluated.

4. Genetic variation affecting responsiveness to IVIg

The variability in responses to IVIg between patients can also 
be affected by pharmacogenomics. IVIg can affect the expres-
sion of many pathophysiologically relevant genes [37], and 

Table 2. Genetic conditions that can mimic CIDP.

Condition Affected gene

CMT1X* Gap junction β-1 – GJB1
CMT1A Peripheral myelin protein 22 – PMP22
CMT1B* Myelin protein zero – MPZ
CMT1C* lipopolysaccharide-induced tumor necrosis factor – LITAF
CMT1D* early growth response protein 2 -EGR2
CMT4C* SH3 domain ant tetratricopeptide repeats-containing protein 2 – 

SH3CT2
CMT4J* FIG4
Transthyretin-related familial polyneuropathy (TTR-FAP) TTR
Hereditary sensory and autonomic neuropathy* (HSAN1) Serine palmitoyltransferase long chain base subunits 1 and 2 – 

SPTLC1, SPTLC2
Hereditary neuropathy with liability to pressure palsies* (HNLPP) PMP22
Ganglioside-induced differentiation-associated protein 1 (GDAP1)-related hereditary motor and 

sensory neuropathy
GDAP1

Mitochondrial neurogastrointestinal encephalopathy (MNGIE) Thymidine phosphorylase -TYMP

CMT = Charcot-Marie-Tooth 
*Hereditary neuropathies that can show conduction block outside compression places 
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there are known polymorphisms that can affect responsive-
ness to IVIg.

4.1. CNTN2

Transient axonal glycoprotein-1 (TAG-1 alias contactin-2) is a 
nerve-specific adhesion molecule that is present on the axon 
and myelin sheath of the juxtaparanode and has a role in 
maintaining axonal function [61]. In a study of 100 Japanese 
CIDP patients, a correlation was found between single-nucleo-
tide polymorphisms (SNPs) in the CNTN2 gene coding for 
contactin-2 and responsiveness to IVIg [62]. A small study in 
Chinese CIDP patients (n = 24) [63] and a larger study of Dutch 
patients (n = 172) [56] did not find this association, possibly 
due to the different genetic backgrounds of the patient 
populations.

4.2. PRF1

Perforin is a pore-forming protein found in cytotoxic T-lym-
phocytes and natural killer cells [64]. Perforin is responsible for 
creating pores in the cell membrane of target cells, triggering 
apoptosis [65]. Mutations leading to impairment of perforin 
function have been associated with autoimmune diseases [65]. 
SNPs in PRF1 were studied in 94 CIDP patients and 158 con-
trols and were found to be more common in the CIDP patients 
(21.3%) than in controls (5.7%, OR 4.47, p < 0.0002) [66]. A 
relapsing disease course (70% vs. 37%) and axonal damage 
(85% vs 51%) were more frequently found in CIDP patients 
with PRF1 SNPs [66]. The most frequent variation found was 
the p.Ala91Val (OR 3.92) [66]. The p.Ala91Val variant was also 
found to be negatively associated with responsiveness to IVIg 
in a Dutch cohort of 157 CIDP patients [56].

4.3. FcRn

As previously noted, the FcRn protects IgG from degradation 
[15,67]. When patients are treated with IVIg, the FcRn is par-
tially saturated and there is an increase in the catabolism of 
pathogenic IgG [15]. Polymorphisms in the FcRn have been 
studied in patients with GBS [68], MMN [69] and CIDP [56]. 
None of the studies identified an association between FcRn 
polymorphisms and response to IVIg treatment [56,68,69]. In 
myasthenia gravis (MG) however, a variable number of tan-
dem repeat (VNTR) polymorphism in the FCGRT gene were 
associated with lower serum IgG levels and a lack of clinical 
benefit of IVIg [70].

4.4. FcγRIIB

FcγR are cellular receptors important for immunity against 
pathogens and the balance between immune responses and 
autoimmunity [71]. The 2B.4 variant of the inhibitory receptor 
FcγRIIB, has been associated with a transient disease course 
and a positive response to IVIg in immune thrombocytopenia 
(ITP) [72]. The same genetic variant was found more frequently 
in IVIg responders than in non-responders (15% vs. 5%, OR 
3.23, p = 0.01) in patients with Kawasaki disease [73]. The 2B.4 

variant was also associated with a better response to IVIg in 
172 patients with CIDP [56].

The ADAPT trial investigated the effects of an FcRn blocker, 
efgartigimod, in MG patients [74]. More MG patients had a 
positive change in their MG-Activities of Daily Living (MG-ADL) 
score (≥2 points) in the efgartigimod treatment group than in 
the placebo group (68% versus 30%; OR 4.95, p < 0.0001) [74]. 
There are currently two ongoing or recently concluded trials 
looking at FcRn blockers in the treatment of CIDP. A rando-
mized placebo control trial of rozanolixizumab in CIDP was 
recently completed [75], and a trial of efgartigimod is 
ongoing [76].

5. Conclusions

The proposed mechanisms of action of IVIg in altering the 
immunopathogenesis of CIDP include anti-idiotypic interac-
tions, anti-complement activity, FcRn saturation, modulation 
of FcγRIIB receptors on macrophages, and downregulation of 
macrophage activation, and of inflammatory mediators. The 
relative contribution of these mechanisms to its therapeutic 
effect, and the role of pharmacokinetics, however, remain to 
be investigated. IVIg has limited efficacy in IgG4-mediated 
nodopathies, given that IgG4 is non-complement fixing, and 
has reduced capacity to bind to Fc receptors.

Patients with typical CIDP are more likely to be responsive 
to IVIg than patients with distal or multifocal CIDP variants. 
Patients with pain, differences in weakness between their arms 
and legs, or muscle atrophy are also less likely to respond to 
IVIg, probably due to greater axonal damage. Three genotypes 
have also been associated with differences in CIDP responsive-
ness to IVIg: the p. Ala145Thr variant of CNTN2 and the p. 
Ala91Val variant of PRF1 are associated with less responsive-
ness; the promoter 2B.4/2B.1 variant of FCGR2B is associated 
with greater responsiveness to IVIg.

6. Expert opinion

IVIg has been shown to exert its therapeutic effects via multi-
ple immunomodulatory mechanisms, but their relative contri-
butions, or whether some mechanisms are more important 
than others in patients with CIDP is not known. Further 
research into the affected pathways, and their role in the 
pathogenesis of CIDP would help to clarify the underlying 
pathogenic mechanisms and to develop more targeted thera-
pies. For example, if the therapeutic effect of IVIg is primarily 
mediated by anti-complement activity, future studies might be 
directed at identifying the specific complement activation 
pathways involved, and the factors responsible for triggering 
activation of the complement cascade. Demonstration of a 
role for FcRn blockade would also be supportive of a role for 
the presence of humoral response or antibodies to the per-
ipheral nerves, in which case future studies could focus on 
identifying the responsible autoantibodies and antigens. If 
macrophage activation, co-stimulatory factors, or cytokines 
are involved, then, agents that target macrophages, or block 
specific cytokines or their receptors could be tested as poten-
tial therapeutic agents. However, if IVIg is demonstrated to 
exert a substantial effect via anti-idiotypic antibody activity or 
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via multiple pathways, then treatment with IVIg alone, or in 
combination is likely to remain most effective given its multi-
ple mechanisms of action. There may also be differences 
between subtypes of CIDP or individual patients.

Dosing of IVIg could also be a factor, as different pathways 
may be affected at different doses or concentrations. A recent 
study comparing three maintenance doses of IVIg revealed 
that a dose of 1 g/kg every 3 weeks was efficacious, but that 
some patients benefited from a dose of 0.5 g/kg whereas 
others required treatment with a 2 g/kg dose to show benefit 
[77]. In a study of dermatomyositis patients treated with IVIg 
[17], 2 g/kg IVIg produced an impressive inhibition of comple-
ment, but 600 mg/kg also produced a substantial effect, 
showing that even low doses of IVIg can exert immunomodu-
latory effects. Trials of IVIg to date have evaluated the rate of 
response to treatment, but not the magnitude of the response 
or underlying disease activity [78], which might also be 
affected by the dose of IVIg.

Misdiagnosis is an important problem. Given that there is 
no specific test for CIDP, and the overlap with other conditions 
that can present with similar phenotypes, CIDP can be over or 
underdiagnosed, with some patients not responding and 
others denied potentially effective treatment, respectively. 
Research into the underlying mechanisms of CIDP could help 
develop more reliable diagnostic tests that would help pre-
vent misdiagnosis.

Genetic variations that predispose patients to the develop-
ment or activity of CIDP or affect the pharmacokinetics or 
responsiveness to IVIg are also likely to exist. Collaborative 
large-scale studies such as a Genome Wide Association Study 
(GWAS) within the framework of an international genetics 
collaboration could provide more definitive information. 
International cooperation to recruit patients from different 
ethnic groups working through national and international 
projects such as the International CIDP Outcome Study 
(ICOS) and INCBase could be the ideal platforms to perform 
these crucial studies.

In conclusion, further studies are needed to advance our 
understanding of the pathogenesis of CIDP and the effects of 
IVIg on the specific immune pathways and mechanisms 
responsible for its therapeutic effects. Such studies would 
help reduce misdiagnosis and increase understanding of the 
differences in responses between patients, as well as how to 
optimize the use of IVIg, with the aim of preventing disease 
activity and irreversible axonal damage that can lead to per-
manent disability.
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