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Summary
Autoimmune diseases of the peripheral nervous system have so far been treated mainly with exogenous high-dose intrave-
nous immunoglobulins (IVIg), that act through several mechanisms, including neutralization of pathogenic autoantibodies, 
modulation of lymphocyte activity, interference with antigen presentation, and interaction with Fc receptors, cytokines, and 
the complement system. Other therapeutic strategies have recently been developed, in part to address the increasing shortage 
of IVIg, prime among which is the use of B cell depleting monoclonal antibodies, or small molecule inhibitors targeting the 
B-cell specific kinases. Rituximab, a chimeric monoclonal antibody against CD20 + B lymphocytes, is currently the most used, 
especially in anti-MAG antibody neuropathy and autoimmune neuropathies with antibodies to nodal/paranodal antigens that 
are unresponsive to IVIg. After several reports of its efficacy in chronic inflammatory demyelinating polyradiculoneuropathy 
(CIDP), rituximab is currently under investigation in three Phase 2 trials in CIDP. In addition, the possible role of complement 
activation in the pathogenesis of chronic autoimmune neuropathies has brought into consideration drugs that can block the 
complement cascade, such as eculizumab, a monoclonal antibody already assessed in acute polyradiculoneuropathies, and 
approved for myasthenia gravis. Preliminary data on eculizumab in multifocal motor neuropathy have been published, but 
randomized controlled studies are pending. Moreover, the neonatal Fc receptor, that recycles IgGs by preventing their lyso-
some degradation, is an important and attractive pharmacological target. Antibodies against FcRn, which reduce circulating 
IgG (both pathogenic and non-pathogenic) have been developed. The FcRn blocker efgartigimod, a humanized IgG1-derived 
Fc fragment, which competitively inhibits the FcRn, has recently been approved for the treatment of myasthenia gravis and is 
currently under investigation in CIDP. In addition, the anti-human FcRn monoclonal antibody rozanolixizumab is currently 
being assessed in phase 2 trials in CIDP. However, none of the abovementioned monoclonal antibodies is currently approved 
for treatment of any immune-mediated neuropathies. While more specific and individualized therapies are being developed, 
the possibility of combined treatments targeting different pathogenic mechanisms deserves consideration as well.
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Introduction

Monoclonal antibodies have recently gained interest in the 
treatment of immune-mediated neuropathies, particularly 
when there is evidence of underlying humoral pathogenetic 
mechanisms.

More data are available for the polyneuropathy with 
antibodies to myelin-associated glycoprotein (MAG), but 
increasing evidence is also emerging for other immune-
mediated diseases of the peripheral nervous system, includ-
ing chronic inflammatory demyelinating polyradiculo-
neuropathy (CIDP) and autoimmune neuropathies with 
antibodies to nodal and paranodal antigens.

Moreover, a potential pathogenic role of complement in 
chronic autoimmune neuropathies [1] may open new thera-
peutic avenues with drugs inhibiting complement activation. 
Eculizumab, a recombinant humanized monoclonal antibody 
that binds and sequesters C5a, prevents its enzymatic cleav-
age by the C5 convertase into C5a and C5b, thus inhibiting 
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C5b-9 membrane attack complex (MAC) formation. Eculi-
zumab has already been approved in myasthenia gravis and 
is under investigation in acute polyradiculoneuropathies 
[2–5].

A further potential therapeutic target in immune-mediated 
polyneuropathies is the neonatal Fc receptor (FcRn), known 
to facilitate IgG recycling and protection from degradation, 
thereby extending the half-life of IgG molecules [6]. High-
dose intravenous immunoglobulins (IVIg), currently used 
in several immune-mediated diseases, act through several 
mechanisms, including competition with pathogenic autoan-
tibodies for FcRn binding, saturating the receptor and thus 
increasing IgGs turnover [7]. Monoclonal antibodies against 
FcRn may be effective in reducing serum levels of patho-
genic IgG autoantibodies without removing other circulating 
factors. The FcRn blocker efgartigimod has recently been 
approved by the U.S. Food and Drug Administration for the 
treatment of anti-acetylcholine receptor antibody positive 
myasthenia gravis and is currently under investigation in 
CIDP.

However, even if they hold promise, none of the above-
mentioned therapeutic monoclonal antibodies are currently 
approved for treatment of any of the immune-mediated neu-
ropathies. In the present paper we’ll report on the currently 
used monoclonal antibodies in the treatment of chronic 
immune-mediated neuropathies, and present preliminary 
data on new potential therapeutic strategies.

Chronic Inflammatory Demyelinating 
Polyradiculoneuropathy

Chronic inflammatory demyelinating polyradiculoneuropa-
thy (CIDP) is an inflammatory polyradiculoneuropathy char-
acterized by progressive (more than 2 months) symmetric 
or relapsing–remitting sensory-motor deficits. Recently the 
CIDP criteria have been revised, and the chronic inflam-
matory sensory polyradiculopathy (CISP) and the autoim-
mune neuropathies with antibodies to nodal-paranodal anti-
gens (neurofascin, contactin, contactin-associated protein 
1-(caspr1)) are no longer classified as CIDP [8].

There are no pathognomonic clinical or biochemical 
markers of CIDP, and the diagnosis is based on a combina-
tion of clinical, electrophysiological and supportive criteria 
[8].

Randomized controlled trials have shown efficacy of ster-
oids, plasma exchange, and IVIg for the treatment of CIDP 
with up to 70% of patients responding to each of these treat-
ments [9]. The updated European Academy of Neurology/
Peripheral Nerve Society CIDP guidelines affirm the use 
IVIg or corticosteroids in typical CIDP and CIDP variants in 
the presence of disabling symptoms, while plasma exchange 
is considered similarly effective but less well tolerated [8]. 

Subcutaneous Ig is strongly recommended for maintenance 
treatment [8, 10]. In CIDP patients who are not responsive 
or become refractory to first line therapies, immunosuppres-
sants have been used [11] despite the lack of evidence of effi-
cacy in the few performed controlled studies [12]. Among 
the alternative therapies, rituximab seems to be the most 
promising. The first patient with CIDP responsive to rituxi-
mab after failure of IVIg and steroids was reported in 2004 
[13]. The patients had a concurrent IgM/k low-grade-small-
B-cell lymphoma, with no anti-MAG antibodies. Rituximab 
(375 mg/m2 for 4 weeks) was administered with progressive 
dramatic improvement. Several case reports and small case 
series followed [14, 15] suggesting that CIDP, especially 
when associated with other autoimmune or hematological 
diseases responds to rituximab in a percentage ranging from 
69 to 75% [14, 15]. Rituximab appears to also be effective in 
a retrospective study on patients with refractory CIDP [16]. 
A recent systematic review and a meta-analysis of rituxi-
mab treatment in CIDP patients (including patients with 
IgG4 antibodies to nodal or paranodal antigens) estimated 
an efficacy around 75% [17]. Currently, two Italian [9] and 
one Japanese [18] clinical trials are ongoing to determine 
the efficacy and safety of rituximab in patients with CIDP 
responsive to IVIg and in patients with refractory CIDP.

Pathological data from nerves of patients with CIDP 
point to a possible role of complement activation [1]. It is 
not known whether eculizumab may be effective in CIDP, 
either as single agent or as add-on therapy. Data are avail-
able only for the rare genetic forms of relapsing–remitting 
polyneuropathies in patients lacking the homozygosous 
p.Cys89Tyr mutation on CD59 [19]. Since the CD59 pro-
tein inhibits the final step of MAC, the affected patients are 
susceptible to hemolysis, cerebrovascular events, and severe 
chronic relapsing–remitting polyneuropathy [20, 21]. An 
open 2-year treatment with eculizumab in these patients has 
been shown to improve chronic hemolysis and prevent neu-
rological worsening, in conjunction with neurophysiological 
improvement in a few cases [19]. 

The neonatal Fc receptor (FcRn), that favors IgG recy-
cling and extends the half-life of IgG molecules, including 
pathogenic IgG autoantibodies [6], has become a potential 
therapeutic target in neurological autoimmune diseases. Anti-
bodies against the FcRn, also called Abdegs (antibodies that 
enhance IgG degradation) [22] have been found to be effec-
tive at reducing levels of circulating IgG (both pathogenic 
and non-pathogenic), with the added advantage—distinct 
from plasma-exchange—of not removing other circulating 
factors (e.g. albumin, other isotypes of antibodies, and clot-
ting factors) or interfering with the complement pathway and 
other immune cells.

The FcRn blocker efgartigimod, a humanized IgG1-
derived Fc fragment which competitively inhibits the FcRn, 
has recently been approved by the U.S. Food and Drug 
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Administration for the treatment of anti-acetylcholine recep-
tor antibody-positive myasthenia gravis, and is currently 
under investigation in CIDP (Table 1). Also the subcutane-
ous rozanolixizumab is currently being investigated in CIDP 
(Table 1).

Safety concerns regarding the use of Abdegs in treating 
autoimmune neurological diseases are mainly related to IgG 
depletion [23, 24].

Finally, the receptors for the Fc portion of immunoglobu-
lins play a pivotal role in humoral and innate immunologi-
cal homeostasis, are responsible for effector functions and 
are involved in several autoimmune diseases [25]. Recent 
experimental data point to the role of Fc-gamma receptors in 
animal model of inflammatory neuropathies [26, 27]. Con-
sistently, the inhibition of Fcγ receptors may become a target 
of autoimmune diseases [26, 28, 29]. With the help of Fc 
engineering techniques [30], several selective therapeutic 
option are currently under development and investigation not 
only for immune-mediated diseases but also for infections 
and cancer treatment [31].

Nodo‑paranodopathies

Nodo- and paranodopathies are a group of recently described 
autoimmune neuropathies, currently excluded from the 
CIDP classification [8]. These patients have peculiar pheno-
typic features, are generally younger than in classical CIDP, 
and have poor response to IVIg and antibodies—mainly 
of IgG4- and IgG3-subtype—to nodal-paranodal antigens 
namely neurofascin-155, contactin-1 and caspr1 in the para-
nodal region, and neurofascin-186/-140 in the nodal region 
[32–35].

The diseases with anti-neurofascin antibodies present as 
aggressive, predominantly distal sensory-motor neuropathy 
associated with sensory ataxia and disabling tremor, where 
the form with anti-contactin antibodies may have a motor 
predominance and early axonal damage [36].

Rarely patients may present with very aggressive, life-
threatening neuropathy associated with pan-neurofascin 
antibodies [37, 38].

Nodopathies with antibodies to caspr1/contactin-1 com-
plex have also been described. These patients present with 
rapidly progressive and disabling neuropathies, with pain in 
half of the cases and cranial nerves involvement (ophthalmo-
paresis, facial or oropharyngeal weakness) in 40%, as well 
as poor response to IVIg therapy [39].

These neuropathies differ from the classical CIDP not 
only for the peculiar clinical features [40] and little response 
to IVIg, but also for the lack of inflammation or macrophage-
mediated demyelination at neuropathology [41–43]. The 
poor response to IVIg is likely due to the common IgG4 
isotype of the antibodies, which are unable to bind the first 

C1q complement component so failing to activate the com-
plement cascade [44]. These autoimmune neuropathies seem 
instead to respond to rituximab [33, 34, 45]. Recently a sin-
gle 52-year-old patient affected by a severe neuropathy with 
antibodies to neurofascin and concomitant late onset nema-
line myopathy as well as smoldering multiple myeloma, 
was treated with daratumumab, the humanized anti-CD38 
monoclonal antibody targeting long-lived plasma cells, 
after failure of several therapies, including steroids, plasma-
exchange and rituximab [46]. In the reported case, besides 
clinical improvement (INCAT disability scale changed from 
7 to 0), also antibody titer decreased. Caution is however 
needed, considering that in the heterogeneous small cohort 
of 7 refractory patients with antibody-mediated neurological 
diseases, severe side effects related to daratumumab therapy 
occurred in 5 patients, including one death.

Multifocal Motor Neuropathy

Multifocal motor neuropathy (MMN) is a rare, acquired, 
motor neuropathy characterized by progressive asymmetric 
weakness with no sensory loss. The disease is slowly pro-
gressive it affects mainly young men with common onset al 
distal upper limbs, and electrophysiologically is character-
ized by the presence of conduction blocks [47]. Antibodies 
against the monosialoganglioside GM1 are present in up 
to 60% of the patients and the dosage sensitivity increases 
when galactocerebroside is associated in the ELISA assay 
[48].

The pathogenic mechanism of MMN is still not clearly 
understood, but the possible role of complement in the 
pathomechanism is suggested by experimental data [49–52] 
and by the response to IVIg therapy [53, 54]. The disease 
is slowly progressive and patients will require over time 
increasing IVIg dosage. Subcutaneous Ig are also used in 
maintenance therapy [54, 55].

IVIg may however lose efficacy, and also the guidelines 
suggest to consider immunosuppressive treatment if IVIg 
is not enough, but unfortunately good alternative therapies 
are still lacking.

MMN is not responsive to steroids or plasma exchange, 
and their use is not recommended [53]. No immunosuppres-
sant drugs have been proven efficacious in controlled trials 
[56]. Rituximab has been used with the aim to reduce the 
IVIg dosage or to stabilize the progression of the disease 
[57–60] but no randomized controlled trials have so far been 
performed.

Considering the role of complement in the pathogenesis 
of MMN, eculizumab has also been considered as potential 
therapeutic strategy. In 2011 an open-label study investi-
gated eculizumab in 13 MMN patients, ten of whom were 
concurrently treated with IVIg, has been performed [61]. 
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Preliminary data are promising as safety of the drug (safety 
and tolerability of eculizumab in patients receiving IVIg 
were the primary aims of the study), but the benefit was 
only marginal, with no objective (MRC sum score; pinch/
palm grip using dynamometer, 9-hole peg test, 10-m walk 
time, self-evaluated functional rating scale, Overall neu-
ropathy limitation scale, ONLS; European quality of life 
scale) measurable improvements. No severe adverse events 
occurred, and no worsening of MMN was reported. Moreo-
ver, the majority of patients needed continuous IVIg therapy 
while in eculizumab treatment, suggesting that IVIg benefit 
may be independent of complement activation. Longer and 
controlled trials are warranted.

A possible use of ARGX-117, a humanized, Fc-engineered 
human IgG1 inhibitory anti-C2 antibody, is suggested by 
promising experimental data [52]. In a MMN model, Budding 
et al. et al. investigated complement activation by anti-GM1 
IgM antibodies from MMN patients sera applied to motor 
neurons derived from induced pluripotent stem cells. The 
authors found that IgM anti-GM1 binding to motor neurons 
triggers complement activation, which is C2-dependent, and 
is inhibited by ARGX-117, an antibody targeting C2, that may 
be therefore a potential therapeutic target for MMN.

Anti‑MAG Antibody Neuropathy

Neuropathy with anti-MAG antibodies is the most common 
IgM paraproteinemic neuropathy, characterized by predomi-
nant sensory symptoms, ataxic gait, tremor at upper limbs, 
with motor involvement and disability occurring late in the 
course of the disease [62]. Despite slowly progressive, the 
neuropathy may severely affect functional activities and 
quality of life [63–65].

The IgM paraprotein is commonly a monoclonal gam-
mopathy of undetermined significance (MGUS), but it may 
underscore also a lymphoproliferative disorder, most com-
monly Waldenstrom’s Macroglobulinemia (WM) but also 
marginal zone lymphoma or chronic lymphocytic leuke-
mia (CLL). In these cases, the choice of treatment gener-
ally depends on the severity of the neuropathy, within other 
parameters of the underlying non-Hodgkin lymphoma.

No adequate immunotherapy has so far been shown to 
be effective in anti-MAG neuropathy [66]. After promis-
ing results from small uncontrolled studies, rituximab has 
been assessed in two randomized controlled trials [67, 68], 
accounting only for MGUS patients, WM being an exclusion 
criterium, with controversial results. The first study enrolled 
26 patients undergoing a single course of rituximab (at a 
standard dose of four infusions of 375 mg/m2 every week for 
four weeks) or placebo [67]. In the 13 patients treated with 
rituximab, 4/13 improved by ≥ 1 point on the Inflammatory 

Neuropathy Cause and Treatment (INCAT) disability leg 
score, and the majority of them (69%) showed significant 
improvement in the ‘time to walk 10 m’. The second study 
included 54 patients treated with a single course of rituximab 
or placebo [68]. Changes were observed in the rituximab 
group only in some secondary outcome measures, including 
improvement by ≥ 2 points on the INCAT disability scale, 
improvement in the self-evaluation scale and in two sub-
scores of the Short Form 36 questionnaire. A comparison 
between the two studies is difficult, because of the different 
inclusion criteria and the different disease duration before 
starting treatment (12.9 yrs in the first study vs 3.8 in the 
second study, respectively). The failure of the two controlled 
studies to detect clinically meaningful changes may be related 
to the lack of proper measures sensitive to changes in a neu-
ropathy that, at least in the first period, is mainly sensitive.

The last Cochrane meta-analysis [66], including the 
two trials, showed that rituximab was actually effective in 
improving disability scales, especially INCAT [69], and in 
the response to questionnaires of the global impression of 
the disease. Regarding adverse effects, rituximab was well 
tolerated with mild infusion-related reactions such as nau-
sea, fever, headache, hypotension, lightheadedness, and 
erythematous rash with itching being the most common 
side effects. Despite the two controlled trials enrolled only 
patients with IgM MGUS (being WM an exclusion crite-
rion), patients with anti-MAG antibody neuropathy and WM 
display a similar response to rituximab, with a more per-
sistent benefit in patients with short disease duration [70].

No factors (biological or immunological) have so far been 
identified as being associated with response to rituximab 
[71–73]. Moreover, worsening of the neuropathy has also 
been reported [74–77] even if the exact mechanism is not 
well defined. In WM the sudden death of neoplastic clone 
can lead to the release of the paraprotein in the blood, with 
acute increase of the IgM monoclonal component and of 
blood hyperviscosity, sometime causing a hyperviscosity 
syndrome. This complication is known as “IgM flare” [78]. 
It is likely that some worsening of neuropathic symptoms 
after rituximab treatment might be related to the release of 
anti-MAG antibodies from dying B-cells, an “IgM antiMAG 
flare” [76, 79] or may be due to cytokine release [80].

Additional potential therapies might include rituximab 
with associated chemotherapeutic agents, like chlorambucil 
or bendamustine [81]. Despite the efficacy of these combi-
nations to improve the patients’ symptoms and to decrease 
IgM levels, they are associated with increased hematological 
cytopenia and potential long-term toxicities, like infections 
and secondary cancers, if compared with rituximab single-
agent and other novel drugs (see afterward) [82–85].

New, more effective in B cells depletion, monoclonal 
antibody might be a potential alternative to rituximab.
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Ofatumumab is a fully humanized anti-CD20 monoclonal 
antibodies which bind CD20 to a different site than rituxi-
mab (Fig. 1). Despite its initial promising activity, also in 
rituximab-refractory hematological patients, and lower rate 
of IgM flare, this drug is no longer used in hematology due 
to the advent of more effective drugs [78, 86]. However, 
subcutaneous ofatumumab has been recently approved by 
the U.S. Food and Drug Administration and the European 
Medicines Agency (EMA) for the treatment of patients with 
multiple sclerosis [87].

Obinutuzumab, previously known as GA101, is a novel, 
type II, glycoengineered, humanized anti-CD20 monoclonal 
antibody developed to address the need for novel therapeu-
tics with higher activity than rituximab (Fig. 1). The post-
translational glycoengineering process used in the develop-
ment of this agent enhances its binding affinity to the FcγRIII 
receptor on immune effector cells [88, 89]. The structure 
and the glyco-engeneering of obinutuzumab act enhancing 
direct cell death, antibody-dependent cyto-toxicity and cel-
lular phagocytosis, while decreasing complement-dependent 
cytotoxicity. Rituximab, by comparison, works primarily via 
complement-dependent cytotoxicity (by clustering CD20 
within lipid rafts) and by antibody mediated cyto-toxicity 
and cellular phagocytosis, with direct cell death contribut-
ing much less to the overall antitumor activity [90]. Mossner 
et al. showed obinutuzumab to be 10–25 times more potent 
and 1.5–2.5 times more effective than rituximab in deplet-
ing B-cells in whole blood from healthy human donors 
(p < 0.001) [89]. Obinutuzumab has occasionally been used 
in anti-MAG antibody neuropathy. Rakocevic et al. used obi-
nutuzumab to treat two patients with IgM gammopathy and 
anti-MAG antibody neuropathy who were unresponsive to 

rituximab. Despite hematological response (decline in IgM 
and anti-MAG antibodies levels) no clinical improvement 
was reported, possibly due to long disease duration and irre-
versible axonal nerve damage [91]. Subsequently Briani et al. 
reported on two drug-naive patients with anti-MAG antibody 
neuropathy and CLL who were treated with obinutuzumab 
and chlorambucil as first-line therapy, with significant clini-
cal and neurophysiological improvement. However, both 
patients required hospitalization for severe pneumonia [92].

In recent years, mutational screenings in patients with 
monoclonal gammopathies have identified recurrent 
somatic mutations of the MYD88 gene. In particular, the 
MYD88 L265P mutation was the most common in patients 
with WM and with less extent in patients with IgM MGUS. 
The constitutive activation of MYD88 activates the down-
stream pathway, such as Bruton’s tyrosine kinase (BTK) 
and NF-kB proteins, which favor cancer cell survival and 
proliferation [93]. The identification of this mutation might 
become clinically relevant in the diagnosis and therapy of 
patients with IgM paraproteinemic neuropathy. In addition, 
acquired mutations in the C-terminal domain of CXCR4 
gene have been reported in WM and shown to be associ-
ated with a more aggressive disease. More importantly, 
MYD88/CXCR4 status has been shown to be predictive 
of the response to ibrutinib in WM [94]. Specifically, WM 
patients with MYD88 mutation and wild type CXCR4 have 
been shown to have better and longer responses to ibruti-
nib. Among the 63 patients studied by Treon et al. [94], 
nine—three with anti-MAG antibodies—had received ibru-
tinib for progressive IgM paraproteinemic neuropathy. All 
nine patients achieved a hematological response. Subjec-
tive improvements of neuropathy occurred in 5 patients and 

Fig.1  In the right panel of the 
figure, there is a representa-
tive neuron surrounded with 
lymphocytes, either B or T 
cells, antibodies, and comple-
ment. In the left panel of the 
figure, there is a magnification 
of B lymphocyte membrane 
showing neonatal Fc receptor, 
complement membrane attack 
complex (MAC), CD20, and 
monoclonal antibodies targeting 
CD20. Rituximab is a chimeric 
anti-CD20 antibody with both 
murine and human fragments. 
Ofatumumab is a fully human-
ized anti-CD20 antibody which 
binds CD20 at a site different 
from rituximab. Obinutuzumab 
is a fully humanized glycol-
engineered anti-CD20 antibody, 
made to enhance receptor 
binding
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remained stable in 4 patients during the treatment course. In 
a subsequent study [95] four of 31 rituximab refractory WM 
patients were treated with ibrutinib for the neuropathy: two 
remained stable and two had subjective improvement start-
ing from week 9 of treatment, with subsequent complete 
recovery in one patient. Although the hematological evalua-
tion might have lacked specific (clinical or neurophysiologi-
cal) neurological scales to properly grade the neuropathic 
response to ibrutinib, these preliminary data are promising 
and indicate that ibrutinib does not worsen neuropathy and 
may improve it, thus offering a potential therapeutic option 
in IgM paraproteinemic polyneuropathies [93, 96]. Recently 
we reported on the first 3 patients with anti-MAG antibody 
neuropathy and WM  (MYD88L265P mutation and wild-type 
CXCR4 gene), treated with ibrutinib [97]. Two of them had 

previously been treated with rituximab with progressive loss 
of efficacy. The oral drug ibrutinib was well tolerated, and 
no atrial fibrillation nor infections occurred. In addition, 
second generation BTK inhibitors, such as acalabrutinib 
[98] and zanubrutinib [99] are under clinical investigation 
as single agent or in combination with anti-CD20 monoclo-
nal antibodies for the treatment of symptomatic WM. These 
new drugs are highly selective on BTK and are associated 
with lower adverse events than ibrutinib [100]. The latter 
also seems to be active in MYD88 wild-type patients [101].

Venetoclax is an oral and selective BCL2 inhibitor that 
in combination rituximab has proven to be highly effective 
in B-cell malignancies even after ibrutinib failure [102]. 
Recently, Castillo et al. showed that venetoclax was able 
to induce remission regardless of CXCR4 mutations [103].

Table 1  Active and ongoing 
clinical trials in chronic 
immune-mediated neuropathies

TRIAL NUMBER PHASE DRUGS TARGETS

Anti-MAG antibody neuropathy
  NCT04568174 phase 1 PPSGG MAG antibody
  NCT03701711 Phase 1 Lenalidomide Cereblon
  NCT05065554 Phase 2 Acalabrutinib-rituximab BTK + CD20
  NCT05136976 Phase 3 Rituximab CD20
  NCT00050245

Chronic inflammatory demyelinating polyneuropathy
  NCT04281472 Phase 2 Efgartigimod FcRn
  NCT03861481 Phase 2 Rozanolixizumab FcRn
  NCT03864185 Phase 2 Rituximab CD20
  NCT04480450
  NCT01236456 Phase 2 Cyclophosphamide DNA
  NCT00278629 Phase 2 Cyclophosphamide + anti-thymocyte 

globulin
DNA + CD3

  NCT04658472 Phase 2 SAR 445,088 C1s
  NCT00099489 Phase 2 Interferon Beta-1a Interferon Beta-1a
  NCT01625182 Phase 2 Fingolimod
  NCT01184846 Phase 3 Immunoglobulin ev Privigen
  NCT01824251 Phase 3 Immunoglobulin ev NPB-01
  NCT03166527 Phase 3 Immunoglobulin ev Pazynga
  NCT02955355 Phase 3 Immunoglobulin sc Hyqvia
  NCT05084053 Phase 3 Immunoglobulin sc TAK-771
  NCT02027701 Phase 3 Immunoglobulin sc IgPro
  NCT01545076
  NCT04589299 Phase 4 Immunoglobulin sc Hizentra
  NCT04672733
  NCT01757574 Phase 4 Alentuzumab CD52

Multifocal Motor Neuropathy
  NCT02556437 Phase 2 Immunoglobulin sc Hyqvia
  NCT05225675 Phase 2 ARGX-117 C2
  NCT01827072 Phase 3 Immunoglobulin ev NPB-01
  NCT00701662 Phase 3 Immunoglobulin ev vivaglobin
  NCT05084053 Phase 3 Immunoglobulin sc TAK-771
  NCT00666263 Phase 3 Immunoglobulin sc Hyqvia
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Although pathological data demonstrate that the damage 
to myelin in anti-MAG neuropathy is complement-mediated, 
[104, 105], no complement fractions (C3b, C3bi and C3c) 
have been found in the serum from a subgroup of therapy-
naive patients with anti-MAG antibody neuropathy [106].

Concluding Remarks

In conclusion, among the currently available monoclonal 
antibodies, rituximab is the most used in chronic immune-
mediated neuropathies. Despite being effective in less than 
half of patients with anti-MAG antibody polyneuropathy, in 
clinical practice it remains the treatment of choice, thanks 
to its favorable safety and tolerability profile. Occasional 
reports on the more active and B cell-efficacious obinu-
tuzumab need to be confirmed and weighted against side 
effects, which require caution especially in older patients.

Rituximab is also the main therapeutic choice in auto-
immune neuropathies with IgG4 antibodies to nodal and 
paranodal antigens [45], where the IVIg fails to give benefit 
likely due to the inability of the antibodies to activate the 
complement pathway. Maintenance therapy is empirically 
proposed based either on clinical response/relapse [44] or on 
immunologic data (antibody titer or memory B-cell moni-
toring). Hopefully, the results of the two Italian [9] and one 
Japanese [18] clinical trials currently ongoing in patients 
with refractory CIDP or CIDP responsive to IVIg will help 
determine the efficacy and safety of rituximab in CIDP. 
Whether rituximab will require maintenance therapy, as in 
some hematological diseases and in some cases of autoim-
mune nodopathies, needs to be investigated.

Preliminary positive data on the BTK inhibitor, ibrutinib, 
in patients with anti-MAG antibody neuropathy and a spe-
cific mutational profile  (MYD88L265P mutation, wild-type 
CXCR4 gene) need further confirmation on larger popula-
tions. The BTK inhibitors (ibrutinib, zanubrutinib, rilzabru-
tinib) have a potential therapeutic role in B-cell-mediated 
diseases other than anti-MAG antibody neuropathy, given 
their good profile (oral administration and favorable safety 
profile). A phase 2 trial with acalabrutinib and rituximab is 
currently ongoing (Table 1). Whether these oral drugs prove 
to be beneficial in combination with anti-CD20 monoclonal 
antibodies is unknown and deserves investigation through 
multicenter randomized clinical trials.

On the contrary, MYD88 wild-type and/or the rare 
CXCR4-mutated patients might benefit from second genera-
tion BTK inhibitors or other agents like venetoclax (personal 
experience).

With regard to complement-targeted therapies, the effi-
cacy of eculizumab in patients lacking the CD59 protein for 

homozygous p.Cys89Tyr suggests that the antibody might 
be efficacious, at least as add on therapy, as well as in other 
conditions where the complement pathway is altered. Cur-
rently, studies with eculizumab and with C1q inhibitors are 
being performed in Guillain-Barré syndrome, whereas in 
CIDP a Phase 2 trial with Cs1 inhibitor is ongoing (Table 1). 
Preliminary open data with eculizumab in MMN patients 
failed to show advantage or possibility of reducing IVIg 
dosing, but larger studies, hopefully including therapy-naive 
patients, might be considered.

Trials with eculizumab on paroxysmal nocturnal hemo-
globinuria, myasthenia gravis, and neuromyelitis optic spec-
trum disorders showed good safety results, but caution is 
needed for the risk of meningococcal infections (requiring 
prophylactic vaccination against certain encapsulated bacte-
ria) as reported in Guillain–Barre Syndrome studies [107].

The selectivity of the FcRn blockers seems safe and cre-
ates many expectations in the treatment of neurological dis-
eases. After the approval of efgartigimod, the first recombi-
nant antibody-based therapy for selective IgG depletion in 
myasthenia gravis, the scientific community is eager to know 
the results from the ongoing trials in CIDP with efgartigi-
mod and rozanolixizumab.

The possibility of combined therapies acting on different, 
non-competing, targets should be considered, e.g. the use 
of FcRn blockers or IVIg at a dosage capable of saturating 
the FcRn, together with agents acting on the complement 
pathway, at least in diseases where IVIg is efficacious and 
there is evidence of a pathogenic role for complement. Next 
generation antibody-based therapies [108], and next gen-
eration complement therapies [109] are a growing field and 
a challenging and enthusiastic road lies ahead as well in 
the context of neurological diseases, especially considering 
the increasing shortage of IVIg that requires alternative and 
more tailored therapies.

Interesting potential targets, susceptible to selective ther-
apy, are also the Fcγ receptor, and monoclonal antibodies 
against both the activating Fcγ receptors or the inhibitory 
FcγIIB have been developed and already assessed in the 
oncological setting [110].

Limiting factors are the rarity of the chronic immune-
mediated polyneuropathies and the associated difficulties 
to carry out multicenter studies with proper and validated 
outcome measures and adequate biochemical biomarkers. 
Alternative trials, such as platform designed trials or trials 
within cohorts (TwiCs) might be taken into consideration to 
optimize resources and limit costs.
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