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Abstract 

Paraproteinemia is associated with different peripheral neuropathies. The major causes 

of neuropathy correlated with paraproteinemia are the deposition of immunoglobulin in 

the myelin, represented by anti-myelin-associated glycoprotein (MAG) neuropathy; 

deposition of immunoglobulin or its fragment in the interstitium, represented by 

immunoglobulin light chain amyloidosis (AL amyloidosis); and paraneoplastic 

mechanisms that cannot be solely attributed to the deposition of immunoglobulin or its 

fragment, represented by polyneuropathy, organomegaly, endocrinopathy, monoclonal 

gammopathy, and skin change (POEMS) syndrome. Patients with anti-MAG 

neuropathy and POEMS syndrome present with slowing of nerve conduction 

parameters. This characteristic fulfills the electrodiagnostic criteria for chronic 

inflammatory demyelinating polyneuropathy (CIDP) defined by the European Academy 

of Neurology and Peripheral Nerve Society (EAN/PNS). Although direct damage 

caused by the deposition of amyloid can induce axonal damage in AL amyloidosis, 

some patients with this condition have features fulfilling the EAN/PNS 

electrodiagnostic criteria for CIDP. Conventional immunotherapies for CIDP, such as 

steroids, intravenous immunoglobulin, and plasma exchange, offer no or only 

minimal-to-modest benefit. Although rituximab can reduce the level of circulating 

autoantibodies, it may only be effective in some patients with anti-MAG neuropathy. 

Drugs including melphalan, thalidomide, lenalidomide, and bortezomib for POEMS 

syndrome and those including melphalan, thalidomide, lenalidomide, pomalidomide, 

bortezomib, ixazomib, and daratumumab for AL amyloidosis are considered. Since 

there will be more therapeutic options in the future, thereby enabling appropriate 

treatments for individual neuropathies, there is an increasing need for early diagnosis. 
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Introduction 

Paraproteinemia, also known as monoclonal gammopathy, is a condition in which a 

monoclonal immunoglobulin or its fragments, including heavy and light chains, are 

present in the blood owing to the clonal proliferation of plasma cell or B cell lineage [1]. 

It may be caused by hematologic diseases, such as multiple myeloma, plasmacytoma, 

Waldenström macroglobulinemia, chronic lymphocytic lymphoma, and other low-grade 

lymphomas [2]. However, most individuals with paraproteinemia are diagnosed with 

monoclonal gammopathy of undetermined significance (MGUS) because they do not 

present with any signs of overt malignancy [3]. The prevalence of paraproteinemia 

increases with age. About 4%–10% of individuals aged >80 years have paraproteinemia 

[4-6]. Different peripheral neuropathies are closely associated with paraproteinemia [7]. 

From the standpoint of neuropathy, approximately 10% of patients with unknown cause 

of neuropathy have paraproteinemia [8]. Malignant cells that produce monoclonal 

proteins can infiltrate into the peripheral nervous system [9]. However, the deposition of 

immunoglobulin in the myelin, represented by neuropathy associated with 

anti-myelin-associated glycoprotein (MAG) antibodies (anti-MAG neuropathy), may be 

the most common putative mechanism of neuropathy associated with paraproteinemia 

[10, 11]. Deposition of immunoglobulin or its fragment in the interstitium, represented 

by immunoglobulin light chain amyloidosis (AL amyloidosis), is another important 

mechanism of neuropathy [12]. Paraneoplastic mechanisms that cannot be solely 

attributed to the deposition of monoclonal immunoglobulin or its fragment can also be a 

mechanism underlying neuropathy, which is represented by polyneuropathy, 

organomegaly, endocrinopathy, monoclonal gammopathy, and skin change (POEMS) 

syndrome [13].  

  Characteristics of representative neuropathies associated with paraproteinemia are 
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shown in Table 1. This review focuses on anti-MAG neuropathy, POEMS syndrome, 

and AL amyloidosis because these diseases are relatively common compared with the 

others.  

 

Anti-MAG neuropathy 

Pathophysiology 

Although IgM paraprotein is not the most commonly detected paraprotein, it is the most 

likely cause of neuropathy, particularly demyelinating neuropathy [14]. About half of 

patients with neuropathy and IgM monoclonal gammopathy have anti-MAG antibodies 

[10, 15]. Paraproteinemia is classified as MGUS in most patients with anti-MAG 

neuropathy. However, 20%–30% of patients are diagnosed with hematological 

malignancies, particularly Waldenström macroglobulinemia [15-17]. 

  MAG is predominantly localized in the paranodal myelin terminal loops and the 

Schmidt–Lanterman incisures of the myelin in the peripheral nervous system [18]. 

Moreover, it is found in the periaxonal collar and has an important role in axon–myelin 

interaction [18, 19]. Pathological studies have shown that the deposition of IgM 

antibody in the sites of MAG localization leads to separation of intraperiod lines with 

preserved major dense lines, known as widely spaced myelin (Fig. 1) [11]. This 

phenomenon is particularly common in patients with IgM anti-MAG antibodies [11, 20, 

21]. However, it has also been reported in patients with IgG and IgA monoclonal 

gammopathies [22, 23]. Previous studies revealed that patients with IgM anti-MAG 

neuropathy presented with the deposition of IgM and complements at widely spaced 

myelin [11]. Therefore, the deposition of IgM in the myelin and the subsequent 

activation of complement cascades are correlated with the occurrence of widely spaced 

myelin in patients with IgM anti-MAG neuropathy [11, 24]. The formation of widely 
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spaced myelin at the paranodes induces the detachment of terminal loops of the outer 

layers of the myelin from paranodal axolemma, which can cause demyelination in 

anti-MAG neuropathy [11]. This demyelination initiated from the paranodes 

subsequently result in the disruption between axon–myelin contacts at the paranodal 

junctions, leading to axonal degeneration of myelinated fibers [11]. The detachment of 

paranodal myelin terminal loops from the axolemma and subsequent axonal damage are 

similar to nodopathies caused by IgG4 antibodies against paranodal junction 

components, such as neurofascin 155 and contactin 1 [25, 26]. However, complement 

deposition is not observed in such nodopathies because IgG4 does not provoke 

complement cascades [25]. A recent study showed an abnormal expression of nodal and 

paranodal molecules even in the absence of demyelination, indicating that functional 

abnormalities occur before the development of demyelination in patients with anti-MAG 

neuropathy [27]. 

  Demyelination has been a characteristic pathological feature in patients with chronic 

inflammatory demyelinating polyneuropathy (CIDP) and demyelinating type of 

Guillain–Barré syndrome, which is known as acute inflammatory demyelinating 

polyneuropathy [28]. Demyelination in CIDP and Guillain–Barré syndrome is caused 

by the phagocytosis of myelin by macrophages [29, 30]. However, such 

macrophage-associated demyelination is not observed in patients with anti-MAG 

neuropathy [11, 27]. 

 

Clinical characteristics 

In a study of 202 patients with anti-MAG antibodies conducted in France, 66% of 

patients were men, and the mean age at onset was 62.6 years [17]. Patients generally 

manifest slowly progressive, symmetric sensory or sensorimotor polyneuropathy 
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predominantly affecting distal portions of the limbs [10]. Sensory ataxia owing to the 

loss of deep sensations is a characteristic feature in patients with anti-MAG neuropathy 

[11]. Intention tremor may also be observed [10]. Cranial nerves and autonomic 

functions are commonly spared [10]. Although rare, patients may exhibit severe motor 

symptoms accompanied by extensive muscle atrophy mimicking Charcot–Marie–Tooth 

disease [31]. Some of the patients positive for anti-MAG antibodies may present with 

atypical neuropathic phenotype, such as non-length dependent neuropathy, multifocal 

neuropathy, and Guillain–Barré Syndrome-like neuropathy [17, 32]. 

 

Diagnosis 

Patients with anti-MAG neuropathy commonly meet the definite electrodiagnostic 

criteria for CIDP defined by the European Academy of Neurology and Peripheral Nerve 

Society (EAN/PNS), which is now frequently used in daily clinical practice [33]. 

Cerebrospinal fluid analyses show a higher protein level with normal cell count, and 

this is also observed in patients with CIDP [11]. As neuropathic features are compatible 

with those of the distal or pure sensory subtypes of CIDP, patients with anti-MAG 

neuropathy fulfill the definite diagnostic category for CIDP defined in the EAN/PNS 

criteria if anti-MAG antibodies are not examined [33]. Currently, the presence of IgM 

paraproteinemia with high titer antibodies to MAG is included in the exclusion criterion 

for the diagnosis of CIDP [33]. 

  Despite the predominance of sensory, rather than motor, symptoms, abnormalities in 

the conduction parameters of motor nerves are also evident in patients with anti-MAG 

neuropathy [34, 35]. Although not specific, the characteristic electrophysiological 

features of anti-MAG neuropathy may include a significant prolongation of distal motor 

latencies disproportionate to the conduction velocities of the middle nerve segments and 
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the absence of conduction block or temporal dispersion [34-37]. 

 

Treatment 

Although the pathophysiology of anti-MAG neuropathy has been more apparent than 

that of ordinary CIDP, the clinical course and recovery of patients with anti-MAG 

neuropathy are still poorer than those of patients with ordinary CIDP. For example, 

immunotherapies conventionally used for CIDP, such as steroids, intravenous 

immunoglobulin (IVIg), and plasma exchange, only have minimal or modest benefit 

among patients with anti-MAG neuropathy [38, 39]. Considering the pivotal role of 

anti-MAG antibodies in the mechanisms of neuropathy, treatment strategies for 

anti-MAG neuropathy should be primarily directed at reducing the titers of anti-MAG 

antibodies [39]. Treatment should also be considered from the hematological viewpoint 

if the patients are diagnosed with hematological malignancies such as Waldenström 

macroglobulinemia. 

  Rituximab, a chimeric monoclonal antibody against CD20, has been a promising 

treatment for anti-MAG neuropathy because the depletion of B cells by binding to the 

CD20 antigen may reduce pathogenic anti-MAG antibody production [40]. Although 

randomized controlled trials did not show a significant improvement from the viewpoint 

of primary outcome measures based on the Inflammatory Neuropathy Course and 

Treatment (INCAT) score [41, 42], case series and a subanalysis of a randomized 

controlled trial showed that rituximab is effective in some patients with anti-MAG 

neuropathy [41, 43-45]. For example, a study enrolling 26 patients with anti-MAG 

neuropathy who were randomly assigned in a 1:1 ratio to receive rituximab or placebo 

for 8 months reported an improvement of INCAT leg disability score of ≥1 in 4 of 13 

rituximab-treated patients but none in 13 patients who received placebo (p = 0.096) [41]. 
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Moreover, improvement was particularly evident in patients with high titers of 

anti-MAG antibodies and severe sensory deficits at baseline [41]. A later case series 

showed that short disease duration and preservation of myelinated fiber density in sural 

nerve biopsy specimens were associated with a better response to rituximab therapy in 

patients with anti-MAG neuropathy, thereby indicating the importance of the early 

initiation of treatment before the occurrence of irreversible axonal damage [44]. 

Considering the long-term clinical course of anti-MAG neuropathy, the development of 

clinical scales sensitive enough to identify minimal, but meaningful, improvement may 

be a challenge in the future [46]. 

 

POEMS syndrome 

Pathophysiology 

POEMS syndrome, also known as Crow–Fukase syndrome, is a unique multisystem 

disorder [47]. Because it is strongly associated with plasma cell dyscrasia, particularly 

osteosclerotic myeloma, monoclonal proliferation of plasma cells is believed to play 

an important role in the development of various symptoms in POEMS syndrome [48]. 

As opposed to anti-MAG neuropathy associated with IgM monoclonal gammopathy, 

POEMS syndrome is associated with IgA or IgG monoclonal gammopathy [49]. 

Castleman disease coexists between 11% and 30% of patients [48, 50]. Although the 

deposition of M proteins on endoneurial components, including the myelin, has been 

observed [51], the precise mechanisms of neuropathy and other systemic 

manifestations have not been elucidated. The levels of different cytokines, including 

tumor necrosis factor alpha, interleukin-1 beta, interleukin-6, interleukin-12, and 

vascular endothelial growth factor (VEGF), are elevated in the blood in patients with 

POEMS syndrome [13, 52, 53]. Hence, they might play a role in the mechanisms of 
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neuropathy and other systemic manifestations. 

  Pathological studies of the peripheral nervous system in patients with POEMS 

syndrome have shown significant edema in the endoneurium, loss of myelinated fibers, 

segmental demyelination, and axonal degeneration [13, 54]. Electron microscopic 

studies of nerve biopsy specimens have shown the widening of major dense lines in 

the myelin lamellae, defined as uncompacted myelin lamellae, particularly at the inner 

layers of the myelin sheath (Fig. 2) [13, 55]. Although uncompacted myelin lamellae 

have been associated with POEMS syndrome [56, 57], a similar finding has also been 

observed in patients with CIDP, Guillain–Barré syndrome, Charcot–Marie–Tooth 

disease with P0 mutation, and hereditary neuropathy with liability to pressure palsies 

[25, 30, 58, 59]. However, the association between uncompacted myelin lamellae and 

development of neuropathy in POEMS syndrome remains unclear. According to a 

study using sural nerve biopsy specimens collected from patients with POEMS 

syndrome, uncompacted myelin lamellae observed in the inner layers of the myelin 

sheaths may be associated with axonal damage, rather than demyelination [57]. 

Moreover, this study showed the disruption of nodal sodium and potassium channels 

even in the absence of widening of the nodes of Ranvier [57]. 

 

Clinical characteristics 

In a nationwide survey of POEMS syndrome in Japan (n = 167), 59% of patients were 

men, and the median age at onset was 54 years. Moreover, 84% were aged ≥65 years 

[49]. In addition to polyneuropathy, reported in 100% of patients, organomegaly (e.g., 

splenomegaly, hepatomegaly, and lymphadenopathy), endocrinopathy (e.g., 

hypothyroidism, diabetes mellitus, gonadal axis abnormality, 

gynecomastia/galactorrhea, and adrenal axis abnormality), and skin changes (e.g., 
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hyperpigmentation, hypertrichosis, and hemangioma) were observed in 76%, 65%, and 

84%, respectively [49]. 

  Neuropathic features are characterized by symmetric sensorimotor polyneuropathy 

without autonomic involvement [13, 60]. Progression is commonly subacute to chronic. 

Meanwhile, patients with acute progression mimicking Guillain–Barré syndrome have 

been reported [61]. Several patients complain of positive sensory symptoms, such as 

numbness and pain in the distal portion of the lower extremities [13]. A previous study 

showed that the presence of mechanical hyperalgesia, defined as the provocation or 

exacerbation of pain by pin-prick stimulation or gentle tactile stimulation, is closely 

related to elevated serum proinflammatory cytokine levels [13]. A study comparing 

neuropathic symptoms between patients with POEMS syndrome and those with CIDP 

showed that such painful symptoms were useful indicators in patients suspected with 

POEMS syndrome rather than CIDP [62]. 

 

Diagnosis 

The diagnostic criteria for POEMS syndrome have been proposed by different Japanese 

and US groups, both of which considered the presence of polyneuropathy and 

monoclonal plasma cell proliferative disorder as mandatory criteria [48, 63]. Moreover, 

an elevated serum VEGF level is a characteristic finding, which is considered important 

in both criteria [48, 63]. 

  As with anti-MAG neuropathy, the electrophysiological features of neuropathy in 

patients with POEMS syndrome are characterized by findings indicative of 

demyelination that fulfill the EAN/PNS electrodiagnostic criteria for CIDP [62, 64]. 

Cerebrospinal fluid analyses showed higher protein levels with normal cell count, which 

is similar to CIDP [62, 64]. According to a study using the POEMS syndrome database 
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of University College London Hospital, UK, 55 of 100 patients with POEMS syndrome 

were initially diagnosed with CIDP [65]. 

  As opposed to anti-MAG neuropathy, electrophysiological abnormalities are evident 

in the middle segments of the nerve trunk represented by motor nerve conduction 

velocities, rather than distal segments represented by distal motor latencies, in patients 

with POEMS syndrome [62, 64, 66]. A study comparing the clinical and 

electrophysiological features of POEMS syndrome versus CIDP revealed that pain and 

preferential involvement of the middle nerve trunk without conduction block and 

temporal dispersion are red flags for POEMS syndrome rather than CIDP [62]. 

  Focusing attention on other clinical manifestations and laboratory abnormalities 

characteristic in POEMS syndrome, such as organomegaly, endocrinopathy, skin 

changes, bone lesions, papilledema, extravascular volume overload (e.g., peripheral 

edema, ascites, and pleural effusion), and thrombocytosis, may lead to early diagnosis 

[48, 49, 63]. 

 

Treatment 

The therapeutic strategies for POEMS syndrome are based on the treatment of plasma 

cell dyscrasia [48]. Although VEGF is a good biomarker for the diagnosis and 

evaluation of disease activity, targeted therapy using bevacizumab, a humanized 

monoclonal antibody against VEGF, is not sufficient for POEMS syndrome, probably 

because other cytokines also play a role in the disease process [67]. Except for the 

temporary effect of steroids, the response to first-line treatments for CIDP (i.e., steroids, 

IVIg, and plasma exchange) is not favorable in patients with POEMS syndrome [68-70]. 

Hence, these diseases should be identified at the early stage. 

  In patients with isolated or few bone lesions but no clonal plasma cells on iliac crest 
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bone marrow biopsy, radiation may induce complete or partial recovery [71]. By 

contrast, patients diagnosed with disseminated bone marrow involvement require 

systemic therapies [48]. Radiation is an adjuvant therapy, particularly for large bone 

lesions, in this group of patients [48]. Combined malphalan and steroids is a 

conventional chemotherapy for plasma cell dyscrasia, including POEMS syndrome [72]. 

A prospective study including 31 patients with POEMS syndrome treated with oral 

melphalan plus dexamethasone showed that 81% of patients presented with hematologic 

response [73]. Moreover, 100% of patients had neurologic response, as assessed using 

the Overall Neuropathy Limitation Scale. However, long-term efficacy was not assessed 

in this study [73]. High-dose chemotherapy and autologous peripheral blood stem cell 

transplantation may be quite effective in terms of long-term efficacy based on both 

neurologic and hematologic findings [74]. Considering the morbidity and mortality 

associated with this treatment, it is suitable for patients aged <65 years [74]. Other 

agents including thalidomide, lenalidomide, and bortezomib may be effective in patients 

with POEMS syndrome [48]. Among them, thalidomide was associated with a 

significant reduction in serum VEGF level according to a previous randomized 

controlled trial [75]. Although one may consider that exacerbation of neuropathy is 

caused by the adverse effect of thalidomide, it may be trivial in patients with POEMS 

syndrome even if it occurred [75]. Hence, the risk of neuropathy exacerbation may not 

be a valid reason for limiting the administration of thalidomide in patients with POEMS 

syndrome probably because the suppression of disease activity outweighs the risk. 

Lenalidomide is an analog of thalidomide with less neurotoxicity [76]. A single-arm 

trial suggested an efficacy of lenalidomide even in patients refractory to thalidomide [77]. 

 

AL amyloidosis 
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Pathophysiology 

AL amyloidosis is caused by the deposition of misfolded light chains of 

immunoglobulin produced by clonally proliferated plasma cell or B cell lineage as 

amyloid fibrils in the extracellular space of various organs, such as the heart, lungs, 

liver, kidneys, gastrointestinal tract, peripheral nervous system, and soft tissues [78]. It 

is one of the major causes of amyloid neuropathy along with hereditary transthyretin 

amyloidosis (ATTRv amyloidosis, v for variant) caused by variant transthyretin 

produced from the liver [79, 80]. In the peripheral nervous system, direct damage 

caused by the deposition of amyloid in the endoneurium can induce axonal damage [12]. 

Electron microscopic studies of sural nerve biopsy specimens collected from patients 

with AL amyloidosis have shown atrophy and loss of basement and cytoplasmic 

membranes of Schwann cells apposed to amyloid fibrils [12, 81, 82]. As these changes 

are particularly evident in small Schwann cells associated with small-diameter nerve 

fibers, direct damage caused by amyloid fibrils to Schwann cells causes small-fiber 

predominant axonal loss [12]. In addition to mechanical stress caused by invasion or 

traction during the process of amyloid fibril elongation, the toxicity of amyloidogenic 

proteins, particularly oligomers, has also been considered the cause of nerve fiber 

damage [83]. 

  As described later, some patients with neuropathy associated with AL amyloidosis 

may present with electrophysiological findings indicative of demyelination, which is 

challenging to explain solely by axonal damage caused by amyloid deposition [12, 84]. 

A recent electron microscopic study using sural nerve biopsy specimens showed the 

separation of neurilemma from the outermost layer of the myelin in patients with AL 

amyloidosis who presented with electrophysiological findings indicative of 

demyelination [12]. The detachment of neurilemma from the myelin lamellae was 
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observed even when amyloid fibrils were absent. As a similar finding has been observed 

in IgM anti-MAG neuropathy [11], it might be a mild type of widely spaced myelin. 

Hence, common mechanisms, probably mediated by humoral factors, may participate in 

the process of neuropathy associated with AL amyloidosis. 

 

Clinical characteristics 

Although AL amyloidosis may be localized due to the in situ production of light chains 

[85], polyneuropathy can be a systemic condition. Therefore, organ dysfunctions other 

than neuropathy, such as nephrotic syndrome and heart failure, may be predominant 

features [86]. According to a nationwide survey of systemic AL amyloidosis in Japan (n 

= 741), 59% of patients were men, and the median age at diagnosis was 65 years. 

Moreover, 64% of patients were aged ≥65 years [87]. The well-known textbook features 

of polyneuropathy caused by amyloidosis are progressive symmetrical sensory 

impairments known as sensory dissociation, which is characterized by the predominant 

loss of nociception and thermal sensation, and autonomic dysfunctions, such as 

diarrhea/constipation, orthostatic intolerance, dysuria, and erectile dysfunction, 

corresponding to the loss of small-diameter nerve fibers [12, 88, 89]. These 

characteristics are particularly evident in the early phase of neuropathy, and motor 

dysfunctions are more likely to appear at a later time [88, 90]. Although these 

neuropathic features resulting from predominant loss of small-diameter nerve fibers are 

mainly based on studies of ATTRv amyloidosis [89], they are also true in patients with 

AL amyloidosis [12]. 

  By contrast, some patients present with weakness and loss of all sensory modalities 

without clinically significant autonomic symptoms at the time of referral to neurologists 

[84]. These atypical features may lead to a misdiagnosis of other neuropathies, such as 
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CIDP, particularly when neuropathy is the initial manifestation of AL amyloidosis [84]. 

In addition to polyneuropathy, patients with AL amyloidosis frequently manifest carpal 

tunnel syndrome [78, 86]. 

 

Diagnosis 

To screen a patient clinically suspected with AL amyloidosis, immunofixation of the 

serum and urine and serum free light chain assay are used [91]. As amyloidosis is 

caused by the deposition of amyloid, histological confirmation of amyloid deposits is 

required for the diagnosis of AL amyloidosis [78]. Congo red staining is effective in 

detecting amyloid deposits in daily clinical practice. Amyloid is stained as congophilic 

deposits on light microscopy, and they appear as green (or apple-green) birefringence 

when examined with polarized light [92]. Amyloid fibrils are observed on electron 

microscopy [89]. Immunohistochemistry of amyloid deposits is important in 

distinguishing light chain from other proteins that may cause amyloidosis, particularly 

transthyretin [92]. Moreover, mass spectrometry is useful in determining specific 

amyloid-forming proteins in tissue samples [93]. Although nerve biopsy can directly 

confirm amyloid neuropathy [12], other sites can be targeted. In addition to clinically 

affected organs, biopsy of the iliac crest bone marrow, abdominal fat, and labial minor 

salivary gland may reveal amyloid deposits [91]. 

  Unlike anti-MAG neuropathy or POEMS syndrome, the electrophysiological findings 

of polyneuropathy in patients with AL amyloidosis commonly include reduction of 

compound muscle and sensory nerve action potentials, which is in accordance with 

nerve fiber loss caused by axonal degeneration [94]. However, patients with AL 

amyloidosis presenting with electrophysiological findings indicative of demyelination 

that fulfill the definite EAN/PNS electrodiagnostic criteria for CIDP have been reported 
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anecdotally [12, 84]. In some patients, cerebrospinal fluid analyses may show high 

protein levels with normal cell count, which is also similar to CIDP [84]. Therefore, in 

addition to anti-MAG neuropathy and POEMS syndrome, amyloid neuropathy is 

included as an exclusion criterion in the EAN/PNS diagnostic criteria for CIDP [33]. 

 

Treatment 

As opposed to localized AL amyloidosis characterized by an excellent long-term 

prognosis only by surgical or local therapies, patients with AL amyloidosis presenting 

with polyneuropathy require systemic therapies [91]. As in POEMS syndrome, 

conventional therapeutic strategies for AL amyloidosis are primarily based on the 

treatment of plasma cell dyscrasia. Combined malphalan and steroids has been a 

conventional chemotherapy for AL amyloidosis since the 1970s [95]. However, despite 

treatment, the median survival of patients was 18 months [96]. The major determinant 

of outcome in patients with AL amyloidosis is the extent of cardiomyopathy [91]. In the 

1990s, high-dose chemotherapy with autologous stem cell transplantation was 

introduced to patients with AL amyloidosis [97]. Whether stem cell transplantation 

therapy is superior to conventional chemotherapy is controversial because of 

treatment-related morbidity and mortality [98-100]. Nevertheless, eligible patients may 

respond well, and they have a good prognosis [100]. However, only 20% of patients are 

eligible for this treatment [91]. Other agents including thalidomide, lenalidomide, 

pomalidomide, bortezomib, ixazomib, and daratumumab are considered for the 

treatment of AL amyloidosis in the field of hematology [91]. 

  In addition to treatments directed against plasma cell dyscrasia, inhibiting amyloid 

fibril formation and removing amyloid deposits have been emerging therapeutic 

strategies specific for AL amyloidosis. Doxycycline acts as an inhibitor of matrix 
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metalloproteinases, which is upregulated in AL amyloidosis [101]. In vitro and in vivo 

studies revealed that doxycycline disrupted the formation of light chain amyloid fibrils 

[102], warranting further clinical trials [103, 104]. Monoclonal antibodies against the 

components of amyloid deposits have also been considered candidates for therapeutic 

agents [105]. Currently, phase 3 clinical trials of an IgG1 monoclonal antibody against 

kappa and lambda light chain amyloid fibrils (CAEL-101) are ongoing [104]. 

 

Other neuropathies associated with paraproteinemia 

Although this review focused on anti-MAG neuropathy, POEMS syndrome, and AL 

amyloidosis, many other neuropathies associated with paraproteinemia have been 

reported so far. A majority of patients with demyelinating neuropathy accompanied by 

paraproteinemia may be diagnosed with CIDP when specific hematological diagnosis is 

not made and their IgM anti-MAG antibodies are negative [33]. 

  Many less frequent neuropathies are associated with IgM-MGUS. These include 

motor neuropathy with IgM antibodies against gangliosides, particularly GM1 [106-108], 

neuropathy associated with IgM anti-sulfatide or sulfatide/galactocerebroside antibodies 

[109-113], and CANOMAD, a syndrome comprising chronic ataxic neuropathy, 

ophthalmoplegia, IgM paraprotein, cold agglutinins, and disialosyl antibodies [114]. By 

contrast, the causal relationship between IgG- and IgA-MGUS and neuropathy is less 

clear. Nevertheless, widening of myelin lamellae and immunoglobulin deposition similar 

to IgM anti-MAG neuropathy has been reported in patients with slowly progressive, 

sensory-dominant polyneuropathy who had IgG- or IgA-MGUS [22, 23]. Deposition of 

IgG, IgA, IgM, or light chain in the interstitium of the endoneurium may also cause 

axonal neuropathy even though amyloid fibrils are not formed [7].  
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Summary and conclusions 

Paraproteinemia is associated with different peripheral neuropathies. Although 

malignant cells producing monoclonal proteins can infiltrate into the peripheral nervous 

system [9], the deposition of immunoglobulin in the myelin, represented by anti-MAG 

neuropathy, is probably the most common putative mechanism of neuropathy associated 

with paraproteinemia [10, 11]. Deposition of immunoglobulin or its fragment in the 

interstitium, represented by AL amyloidosis, is another important mechanism 

underlying neuropathy [12]. Paraneoplastic mechanisms that cannot be solely attributed 

to the deposition of monoclonal immunoglobulin or its fragment may also be involved 

in the mechanisms of neuropathy, which is represented by POEMS syndrome [13]. 

  Slowing of nerve conduction parameters is a characteristic electrophysiological 

feature of anti-MAG neuropathy and POEMS syndrome [34, 35, 62, 64]. Abnormalities 

are more evident in the distal nerve segments than in the middle nerve segments in 

patients with anti-MAG neuropathy [34-37]. Meanwhile, the opposite is true in patients 

with POEMS syndrome [62, 64, 66]. Although widely spaced myelin caused by the 

deposition of IgM antibodies and the subsequent activation of complement cascades can 

induce demyelination in anti-MAG neuropathy [11], the mechanisms of aberrant nerve 

conduction in POEMS syndrome are not yet fully elucidated. As patients with these 

diseases fulfill the EAN/PNS electrodiagnostic criteria for CIDP, these diseases should 

be distinguished from CIDP. By contrast, direct damage caused by the deposition of 

amyloid in the endoneurium can induce axonal damage in AL amyloidosis [12]. 

However, some patients with AL amyloidosis present with detachment of neurilemma 

from the outermost layer of the myelin lamellae, which results in electrophysiological 

findings indicative of demyelination [12]. Therefore, CIDP should be distinguished 

even from AL amyloidosis. 
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  Conventional immunotherapies for CIDP, such as steroids, IVIg, and plasma 

exchange, have no or only minimal-to-modest benefit. Although rituximab can reduce 

circulating autoantibodies, it may only be effective in some patients with anti-MAG 

neuropathy [41, 44]. Therapeutic strategies for POEMS syndrome and AL amyloidosis 

are based on the treatment of plasma cell dyscrasia from a hematological viewpoint. 

Drugs including melphalan, thalidomide, lenalidomide, and bortezomib for POEMS 

syndrome and those including melphalan, thalidomide, lenalidomide, pomalidomide, 

bortezomib, ixazomib, and daratumumab for AL amyloidosis are considered [48, 91]. 

Emerging therapies that suppress amyloid fibril formation using an inhibitor of matrix 

metalloproteinases and that remove amyloid deposits using a monoclonal antibody for 

AL amyloidosis are developed [103, 104]. Sine there will be more therapeutic options 

in the future, thereby enabling appropriate treatments for individual neuropathies, there 

is an increasing need for early diagnosis. 

 

Key words: monoclonal gammopathy, paraprotein, plasma cell dyscrasia, POEMS 

syndrome, uncompacted myelin lamellae, widely spaced myelin 
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Figure legends 

Fig. 1. Widely spaced myelin in a sural nerve biopsy specimen collected from a patient 

with neuropathy neuropathy associated with anti-myelin-associated glycoprotein 

antibodies. Cross section. The separation of intraperiod lines with preserved major 

dense lines was observed in the outer layers of the myelin lamellae. Uranyl acetate and 

lead citrate staining. Scale bar = 0.5 µm. 

 

Fig. 2. Uncompacted myelin lamellae in a sural nerve biopsy specimen collected from a 

patient with polyneuropathy, organomegaly, endocrinopathy, monoclonal gammopathy, 

and skin change syndrome. Cross section. The widening of major dense lines was 

observed in the inner layers of the myelin lamellae. Uranyl acetate and lead citrate 

staining. Scale bar = 0.5 µm. 
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Table 1. Characteristics of representative neuropathies associated with paraproteinemia 
    Type of paraproteinemia Main neuropathic feature Electrophysiological feature 

Direct invasion of malignant cells into the nerve 
   

 
Neurolymphomatosis IgG, IgA, IgM Sensorimotor  Axonal/demyelinating 

Deposition of immunoglobulin in the myelin/nerve* 
   

  Anti-MAG neuropathy IgM Sensory or sensorimotor  Demyelinating 

 
Neuropathy with anti-GM1 antibodies IgM Motor  Demyelinating (conduction block) 

 
Neuropathy with anti-sulfatide antibodies IgM Sensory or sensorimotor  Axonal or demyelinating 

 
CANOMAD IgM Sensory or sensorimotor  Axonal or demyelinating 

Deposition of immunoglobulin or its fragment in the interstitium 
   

 
AL amyloidosis IgG, IgA, IgM Sensorimotor  Axonal**** 

 
Immunoglubulin/light chain deposition neuropathy** IgG, IgA, IgM Sensorimotor  Axonal 

Paraneoplastic mechanism other than paraprotein deposition 
   

 
POEMS syndrome IgG, IgA Sensorimotor  Demyelinating 

Other immune mechanisms 
   

  Chronic inflammatory demyelinating polyneuropathy*** IgG, IgA, IgM Sensorimotor  Demyelinating 

*Neuropathies positive for autoantibodies against myelin/nerve components are shown.  
  

**Amyloid deposits are absent.  
   

***Most patients are negative for paraproteinemia.  
   

****Some of the patients manifest demyelinating features.  
   

AL amyloidosis = immunoglobulin light chain amyloidosis;  
   

CANOMAD = a syndrome comprised of chronic ataxic neuropathy, ophthalmoplegia, IgM paraprotein, cold agglutinins, and disialosyl antibodies;  

MAG = myelin-associated glycoprotein; POEMS = polyneuropathy, organomegaly, endocrinopathy, monoclonal gammopathy, and skin change.  
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