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1. Introduction 

The 230th European Neuromuscular Centre (ENMC) international workshop occurred in 

Naarden, the Netherlands, from February 24th to 26th, 2017. The purposes of the workshop 

were: 1) to create an IgM associated peripheral neuropathy study group and achieve 

consensus regarding the registration of patients with IgM associated peripheral neuropathy in 

a patient-based registry, 2) to improve future assessment of patients with IgM associated 

peripheral neuropathy from haematological markers to clinical trials, and 3) to discuss 

promising therapies for future clinical trials. Seventeen clinicians and researchers (sixteen 

neurologists and one haematologist) from nine countries (Belgium, Curaçao, France, Italy, the 

Netherlands, Spain, Switzerland, the United Kingdom, and the United States of America) 

were present. A patient with IgM associated peripheral neuropathy, a representative of the 

GBS/CIDP Foundation International, and a PhD student, who received support from the 

ENMC Young Scientist Program, also attended. 

 

2. Background 

IgM associated peripheral neuropathy is a rare, immune-mediated peripheral neuropathy 

[1, 2]. The clinical picture is heterogeneous and the relationship between the paraprotein and 

the neuropathy is not always clear. The disease may cause functional disabilities in activities 

of daily life [3]. Despite several previous efforts, international consensus on how to assess and 

treat these patients is lacking [2]. 

The assessment of the disease progression and effect of treatment has proven to be 

difficult, partly because there is no clear consensus of what should be measured. Previous 

ENMC workshops on outcome measures in immune-mediated neuropathies [4-6] have largely 

failed to create an agreed upon core set of satisfactory outcome measures specifically for 

patients with IgM associated peripheral neuropathy. This failure is mainly attributable to the 

small number of patients and the indolent course of the disease. 

After welcoming remarks by Alexandra Breukel, the ENMC Managing Director, Nicolette 

Notermans opened the meeting on behalf of the organizing committee. 

 

3. Clinical presentation and needs from patients’ perspectives 

3.1 Heterogeneity of IgM associated peripheral neuropathy 

Nicolette Notermans initiated the meeting by presenting the wide variety of clinical 

peripheral neuropathies associated with IgM paraproteins. An EFNS/PNS investigative and 

diagnostic guideline for IgM paraproteinaemic neuropathies was published in 2010 [7]. Most 



IgM associated neuropathies are associated with monoclonal gammopathies of undetermined 

significance (MGUS). This condition is distinguished from malignant plasma cell dyscrasias 

(e.g.,Waldenström’s macroglobulinemia, osteosclerotic myeloma, amyloidosis, lymphoma), 

however there is a cumulative probability of malignant transformation over time that is higher 

in the early years after diagnosis and  occurs more frequently  in patients with neuropathy [8]. 

The initial description of the IgM associated peripheral neuropathy was associated with 

IgM anti-MAG antibodies [7]. This “classical phenotype” has a slowly progressive, 

symmetric, predominantly sensory, ataxic neuropathy with relatively mild or no weakness. 

Nerve conduction studies showed predominant distal demyelination [7, 9]. Since those initial 

descriptions, it has become clear that this represents only one phenotype within the broad 

group of those with IgM associated peripheral neuropathies. Dr. Notermans shared three 

videos of patients with different clinical presentations. Patient 1, diagnosed over 20 years ago, 

has a severe disability due to sensory neuropathy with gait ataxia and distal and proximal 

weakness in arms and legs. Patient 2, diagnosed 15 years ago, has sensory symptoms and is 

mainly affected by the postural tremor of his hands. Patient 3, diagnosed 10 years ago, has a 

loss of sensory modalities in hands and feet in combination with distal weakness in legs. With 

these three diverging clinical presentations, Dr. Notermans exemplified the heterogeneity of 

this condition. 

Richard Lewis also questioned whether IgM associated peripheral neuropathy is one 

distinct disease or several syndromes by further addressing the heterogeneity and prognosis. 

Classification systems have resulted in a number of terminologies. For example neuropathies 

associated with IgM paraprotein previously have been classified as anti-MAG mediated 

peripheral neuropathy, distal acquired demyelinating symmetric (DADS) peripheral 

neuropathy without anti-MAG antibodies, and IgM associated peripheral neuropathy with 

ganglioside antibodies, such as anti-GQ1b, anti-GM1, anti-GM2, anti-GD1a, and anti-GD1b. 

Although there are aspects of these disorders that are distinct, the symptoms are often similar 

and Professor Lewis therefore questioned the clinical value of these disease subcategories. 

The prognosis of IgM associated peripheral neuropathy is variable but a significant number of 

patients (16%) experience disability at 5 years after diagnosis [10]. The presence of anti-

MAG antibodies appeared to be associated with lower risk for more severe disease 

progression [3]. 

Patients with malignant monoclonal gammopathies also can present with 

polyneuropathies that can be highly variable [11]. Because some patients with plasma cell 



dyscrasias progress rapidly and develop substantial disability, the early identification of 

prognostic factors might help to target patients that should be treated more aggressively.  

 

3.2 The needs from patients’ perspectives 

Lou Mazawey shared his experiences as a patient with IgM associated peripheral 

neuropathy. His disease has been through several phases and he is currently in remission with 

some disability. His primary expectation for treatment was to maintain or improve his quality 

of life. His main symptoms were impaired balance with walking difficulties and foot pain. 

Mr. Mazawey also acknowledged the variable clinical picture and different levels of disability 

he has observed in other patients who attended support groups.  

Patricia Blomkwist-Markens presented a survey conducted in patients with IgM 

associated peripheral neuropathy. The survey showed the diversity of first symptoms amongst 

patients, varying from tingling/numbness in hands and/or feet, foot drop, pain and cramps in 

lower extremities, instability when walking, and severe fatigue. Almost all had progressive 

symptoms. Most (78%) had no other medical conditions. The primary challenges included 

walking instability, fatigue, pain, managing self-care and performing social activities due to 

disability, and emotionally accepting the new (and changing) situation. 

David Cornblath suggested that from the perspective of patients there should be more 

attention to measuring quality of life, pain, fatigue and tremor since these were recognized by 

patients and the attendees as disabling and poorly measured. The Canadian Occupational 

Performance Measure (COPM) was mentioned as a patient-specific disability outcome 

measure, which is a validated tool for measuring progress in occupational therapy [12, 13]. 

Although it has some advantages, it is not linear nor directly comparable among patients, and 

it is not a commonly used outcome measure in clinical trials. Professor Cornblath also 

recognized the importance of carefully selecting appropriate primary and secondary outcomes 

for pivotal trials to reduce the likelihood of false negative or positive results. 

 

4. Clinical trials in IgM associated peripheral neuropathy 

4.1 Clinical trials and outcome measures in IgM associated peripheral neuropathy 

Jean-Marc Léger gave an overview of all randomized clinical trials (RCTs) performed in 

IgM associated peripheral neuropathy, based on a Cochrane review by Lunn and Nobile-

Orazio [2]. They analysed eight RCTs in which patients with anti-MAG peripheral 

neuropathy were treated with immune-modulating treatments such as intravenous 

immunoglobulin (IVIg), interferon alfa-2a, plasma exchange, cyclophosphamide and steroids, 



and rituximab. According to low quality evidence from two studies, treatment with IVIg 

might produce some very short-term improvements. Treatment with interferon alfa-2a and 

chorambucil did not demonstrate any significant benefit. The combination of 

cyclophosphamide and corticosteroids compared to placebo showed similar outcomes. There 

are two RCTs of rituximab versus placebo with some concerns about inclusion criteria, 

outcome measures, and duration of the trials. In a meta-analysis rituximab was beneficial in 

improving disability scales, biological parameters and the patient global impression of change 

scores [14, 15]. However, Lunn and Nobile-Orazio [2] concluded the evidence for efficacy for 

any of the studied immune treatments in anti-MAG paraproteinemic neuropathy was 

inadequate because of the small numbers of treated patients and limited number of studies.  

Large well-designed randomized trials with homogeneous patient inclusion of at least 12 

months duration are needed to assess existing or novel therapies. 

Eduardo Nobile-Orazio provided an overview of the outcome measures used in IgM 

associated peripheral neuropathy trials. The outcome measures in the eight RCTs performed 

in IgM associated peripheral neuropathy were grouped into three domains, based on the 

International Classification of Functioning, Disability and Health (ICF): impairment, activity 

and participation, and quality of life [16]. Impairment measurements were the Medical 

Research Council (MRC) sumscore or scores, modified Inflammatory Neuropathy Cause and 

Treatment (INCAT) sensory sum score (mISS), ataxia scores, and Visual Analog Pain scales 

(VAS). Activity and participation measurements were the INCAT disability scale, 10 meter 

walking test (10-MWT), Clinical Neuropathy Disability Score (CNDS), Overall Disability 

Sum Score (ODSS), Overall Neuropathy Limitations Scale (ONLS), Rivermead Mobility 

Index (RMI) and modified Rankin Scale (mRS). Quality of life was measured using the Short 

Form-36 (SF-36). Biological markers were serum IgM concentration, anti-MAG titres and 

levels of CD19+ cells [2]. The overview highlighted the lack of uniformity of selected 

outcome measures among all the trials, and stressed that virtually all were ordinally based 

metrics with substantial deficiencies (as will be discussed by Catharina Faber) [17, 18].  

 

4.2 Lessons learned from previous trials in IgM associated peripheral neuropathy 

Ken Gorson elaborated on possible reasons for negative outcomes in previous IgM 

associated peripheral neuropathy trials. Negative outcomes may be caused by improper 

patient selection, including patients too mildly affected to measure change, those too severely 

affected to expect improvement, or patients with fixed disability after many years of disease. 

Furthermore, the duration of trials in the past often was too short and the selected outcome 



measures are now considered inadequate, as previously noted. Some outcomes are indirect 

and of little relevance, for example improved electrophysiological nerve function may not 

reflect reduced disability for the patient. In some studies, drug dosages may not have been 

high enough to cause functional improvement. Before proceeding with new treatment trials, 

researchers need to resolve these recurrent shortcomings. First, investigators should   

determine more precisely the difference between IgM associated polyneuropathy patients with 

active moderate to severe disease and those with non-progressive or end stage disease. 

Second, larger numbers of participants should be recruited by including more centres in trials. 

Third, the best outcome metrics need to be utilized, or better ones developed. Fourth, the trial 

designs must use the correct drug dose or regimen and allow for long enough treatment and 

follow-up so investigators will be confident about observed outcomes. 

 

5. The needs for proper outcome measure development 

5.1 A Rasch analysis approach 

Catharina Faber presented the basic requirements for the development of Rasch model 

outcome measures [19]. Outcome measures need to be simple, valid, reliable and responsive. 

Furthermore, outcome measures preferably should be interval or ratio measures, since these 

have a numerical value and the distance between one category and another is known. This 

allows the calculation of statistically valid sum scores and creates higher precision in our 

assessments [20]. In practice, outcome measures are frequently nominal or ordinal and have 

only descriptive value. Despite this they are often interpreted as a numerical value, where 

assumptions of linearity are made, sumscores are constructed and statistically invalid 

calculations are extracted from these data [21]. 

The Rasch model enables the transformation of ordinal data into interval data, increasing 

the level of measurement precision. The model states that the probability of a patient to 

complete a task is a function of both the difficulty of the task and the ability of the patient. 

According to the model a less disabled person will have a higher probability of completing a 

particular task compared to a more disabled person [19]. Through Guttman scaling the items 

can be placed in a hierarchical order, such that if a harder task is completed, then there is a 

high probability that easier tasks will also be completed [22]. The model assumes that the 

probability of a patient completing an item is a logistic function of the relative distance 

between the item location and the respondent location on a linear scale [22]. 

To obtain a scale at the interval level, all items and persons need to fulfil several Rasch 

methodology requirements (such as meeting Rasch model fit statistics, no evidence of 



disordered thresholds, local dependency and item bias, proper targeting of patients on items, 

and unidimensionality) [20]. Items or patients not fulfilling these requirements should be 

removed or subjected to re-adjustments to fit the model’s requirements. 

 

 5.2 The concept of minimal clinical important difference and defining a responder 

Ingemar Merkies explained the concept of the minimal clinical important difference 

(MCID) and the importance of defining a responder. In clinical trials we want to measure true 

scores, for example of the fatigue or strength of our patients. Since the ‘true scores’ are not 

known, we use surrogate outcome measures to calculate an estimated score, which represents 

the ‘true score’. Although we assume these estimated scores come close to the true scores, 

estimated scores have a standard error (SE). SE values translate to confidence intervals 

around the unknown true scores for subsequent estimated scores. An SE of ± 1.96 indicates 

that the estimated score falls in the confidence interval around the true score 95% of the time. 

A meaningful statistical change over time is generally considered to have been reached if the 

estimated score falls outside the 95% confidence interval (that is 1.96 SE points). 

The MCID represents a change that would be considered meaningful and worthwhile by 

patients such that they would consider repeating the intervention [23]. However, traditional 

clinical trials tend to demonstrate effects of therapy by using p-values for either group 

comparisons or for comparisons of proportions of patients reaching an arbitrary predefined 

cut-off value between outcome measures. These traditional responsiveness techniques can be 

misleading, since statistical significance frequently does not correlate to a clinical meaningful 

change. The concept of MCID taking into account the varying SEs was proposed to overcome 

the shortcomings of the ‘statistical significant difference’. Both anchor-based and 

distribution-based techniques to calculate MCID were discussed [24, 25]. Currently, there is 

no consensus on the concept of MCID and which technique to use in the future.  

Luca Padua presented the paradox between the abilities of patients and their experienced 

quality of life, since patients with perceived greater disability, for example wheelchair users, 

can experience better quality of life than those with less perceived disabilities [26, 27]. This 

makes measuring quality of life a complex and dynamic procedure. Professor Padua also 

noted that physicians are not able to decide what outcome measures are of importance to the 

patients; we should leave patients free to express their opinion and determine what is relevant 

to them. By asking patients with anti-MAG peripheral neuropathy six simple questions 

(appendix 1), Professor Padua established that the most prevalent patient limitations are 

walking problems and hand dexterity, whereas less prevalent are balance problems, fatigue 



and pain. When asking patients what should improve with therapy, balance problems were the 

most important improvement followed by hand dexterity. Although patients describe 

difficulties in walking as their main difficulty, their aims for improvement focus on balance. 

 

 5.3 What do we consider clinically relevant? 

Michael Lunn elaborated on what clinicians see as clinically relevant in IgM associated 

peripheral neuropathy. What clinicians utilise as meaningful change in clinical trials is not 

always meaningful change in clinical practice. He stated that the primary outcome in any 

clinical trial should also be chosen to be clinically relevant for the results of a trial to be 

meaningful in day-to-day practice. Clinical trials often have very tight and strict inclusion 

criteria to improve homogeneity of the participants. However, these criteria destroy 

inclusivity and prevent treatment for phenotypic outliers, especially in a heterogeneous 

disease like IgM associated peripheral neuropathy. To be clinically relevant we have to be 

flexible within this context, especially with a rare disease, and we cannot be as 

methodologically “pure” as we might like to be. 

 

6. IgM associated peripheral neuropathy registry 

Mariëlle Pruppers presented the IMAGiNe study, an international, multi-centre, 

observational cohort study of patients with IgM associated peripheral neuropathy. The main 

objective of the study is to create a unique cohort of prospectively collected and highly 

standardized clinical data in addition to a biobank from a large group of well-defined patients 

with IgM associated peripheral neuropathy. From this set of patients new outcome measures 

will be constructed using the Rasch methodology. These outcome criteria will fulfil modern 

clinimetric requirements and will be sensitive to change. The data will be used to optimize the 

diagnostic criteria for possible clinical and electrophysiological subtypes of IgM associated 

neuropathy, to identify biomarkers to monitor and predict disease activity and response to 

treatment, and to predict models for treatment response and outcome in individual patients. 

These results will be valuable to design future studies; the ultimate goal is a more rigorous 

treatment trial design for this relatively rare group of patients. The study started in the 

Netherlands in 2016, and is open for all centres that are able to include at least 10 patients. 

 

 

7. Pathogenesis of IgM associated peripheral neuropathy 

7.1 Pathological features and immunological dynamics of IgM associated peripheral 

neuropathy 



Andreas Steck presented the pathogenic role of IgM anti-MAG antibodies in the 

development of a demyelinating neuropathy. The peripheral neuropathy associated with IgM 

anti-MAG antibodies is classically a chronic, progressive, predominantly sensory and distal 

demyelinating neuropathy. There is strong evidence for a pathogenic role of these IgM 

antibodies in demyelination and neuropathy development. Therapeutic reduction of the 

antibody concentration can result in clinical stabilisation or improvement in some instances 

[28, 29]. IgM deposits have been demonstrated on affected myelin sheaths by a number of 

methods. The widening of myelin lamellae found in anti-MAG neuropathy [30] is 

pathognomic for the disease, and there is a correlation between IgM anti-MAG penetration 

into myelinated fibres and the extent of widening [31]. It is postulated that the binding of IgM 

autoantibodies to the HNK-1 epitope on MAG leads to disintegration of the myelin sheaths, 

resulting in a progressive demyelinating polyneuropathy. Collapse of the neurofilament 

cytoskeleton in anti-MAG neuropathies may cause subsequent axonal degeneration [32]. 

Studies of skin biopsies have recently shown that IgM deposition induces changes in axons of 

dermal myelinated skin nerves [33]. 

Animal models have been established for anti-MAG neuropathy by the passive transfer of 

patients’ IgM antibodies into healthy experimental animals [34-38]. The development of a 

glycopolymer that acts as an autoantibody scavenger mimicking the natural HNK-1 epitope, 

led to the removal of pathogenic antibodies in an immunological mouse model of anti-MAG 

neuropathy. This novel therapeutic approach could be promising for future clinical studies 

[39]. 

 

7.2 Nerve conduction and sonography studies in IgM associated peripheral 

neuropathy 

Peter Van den Bergh addressed the electrophysiological characteristics in IgM associated 

peripheral neuropathy. Electrophysiological studies in IgM associated peripheral neuropathy 

show disproportionate distal slowing, prolongation of the distal motor latency (DML), and a 

decrease in the terminal latency index (TLI). This disproportionate distal slowing may reflect 

a length-dependent process characterized by distal slowing and axon loss, which are more 

prominent in longer axons, and also by a gradual increase of conduction slowing in a 

proximal to distal gradient along the length of the nerve [40]. 

This electrophysiological length dependency is the key neurophysiological feature that 

may distinguish IgM associated peripheral neuropathy from chronic inflammatory 

demyelinating polyradiculoneuropathy (CIDP). Studies comparing electrophysiological 



abnormalities in the former group with those from patients with CIDP show that in IgM anti-

MAG patients the peroneal compound muscle action potential (CMAP) is more often absent, 

the TLI is decreased more frequently, sural sensory potentials are more often absent, and 

conduction blocks are rarely observed  [41]. In contrast, in CIDP the modified F-ratio (MFR, 

which compares spinal cord to elbow and wrist to thenar segment latencies), is significantly 

higher than in the IgM anti-MAG group [42]. 

Stephan Goedee presented sonography as a non-invasive technique to dissect changes in 

macroscopic nerve morphology. The nerve size over the length of the nerve is the most 

studied sonomorphologic parameter. In the past, three significant ultrasound studies have 

been published in IgM associated peripheral neuropathy, which have shown varying degrees 

of nerve enlargement [43, 44]. This could be due to the heterogeneous study populations and 

the use of non-standardised high-resolution ultrasound (HRUS) protocols. Dr. Goedee found 

larger nerve sizes in proximal segments in patients with IgM associated peripheral neuropathy 

similar to CIDP, but no association with anti-MAG status (unpublished data). The 

combination of both HRUS and nerve conduction studies may capture certain morphologic 

and functional features of IgM associated peripheral neuropathy, but currently HRUS 

provides limited additional diagnostic value in IgM associated peripheral neuropathy. 

 

7.3 Immunological dynamics in IgM associated peripheral neuropathy 

Hugh Willison discussed the immunological dynamics of IgM associated peripheral 

neuropathy. IgM paraproteins are believed to arise from somatically hypermutated B cells that 

acquire IgM secretory capacity [45]. On the basis of the causal relationship between B cell 

activation and IgM associated peripheral neuropathy, B cell targeting therapies have been 

tested. Rituximab is a monoclonal antibody directed against CD20, a protein present on the 

surface of both normal and malignant human B cells. CD20 is not found on pre-B-cells or 

plasma cells. Treatment with rituximab results in a rapid and sustained depletion of 

circulating and tissue-based B-cells [14] and the long-term immunomodulatory effects of 

rituximab in anti-MAG peripheral neuropathy are mediated by the sustained reduction in the 

expanded autoreactive IgM memory B-cells [45]. Clinical disease remission has been 

associated with sustained elimination of IgM memory B-cells. Conversely, high load and 

clonal persistence of IgM memory B cell clones, despite efficient depletion of circulating B 

cells, was associated with a poor clinical response to rituximab [45]. This suggests that at 

least a fraction of disease-relevant B cells are not accessible or susceptible to CD20 

immunotherapy [45]. Rituximab also leads to significant reductions in IgM levels. This is 



probably due to the depletion of CD27 memory B cells, the precursors of the short-lived 

plasma cells. The IgM levels therefore may decline after rituximab treatment and return 

slowly at a rate controlled by the replenishment of memory and short-lived plasma cells. 

Whether this effect relates to the beneficial effect of rituximab in anti-MAG peripheral 

neuropathies remains unclear [14]. 

 The cytokines B Cell-Activating Factor (BAFF) and A Proliferation-Inducing Ligand 

(APRIL) are produced by myeloid and stromal cells and are required for the developmental 

survival of B cells at various stages. Plasma cell survival requires APRIL or BAFF signalling 

through B-cell maturation antigen. Dysregulation of BAFF is associated with autoimmune 

diseases and targeting soluble BAFF using belimumab has shown benefit for patients with 

lupus nephritis [46]. Anti-BAFF treatment or treatments that block both BAFF and APRIL 

might be future possibilities for the treatment of IgM associated peripheral neuropathy [46]. 

Luis Querol presented data about anti-MAG antibody testing and its relevance in the 

clinic. Presence of IgM anti-MAG antibodies is significantly associated with neuropathy [28], 

though the correlation between IgM anti-MAG titres and neuropathy severity is debated, as 

the severity of neuropathy does not always correlate with serum antibody levels. Some 

uncontrolled studies treating small numbers of patients with rituximab or cytostatics suggest 

that the decrease of IgM anti-MAG titres is associated with a decrease of neuropathy severity 

[29, 47]. However, adequate evidence from large well-designed randomized controlled trials 

to substantiate this claim is lacking [2]. Therefore the monitoring of anti-MAG titre levels 

currently has no place in monitoring disease severity or treatment response. Some technical 

issues in testing the autoantibodies were addressed. The nature of the antigen, such as binding 

location, post-traductional modifications and interspecies homology, is not yet fully 

discovered [48-51]. Also, due to the variations in the sensitivity and specificity of the 

available immunological diagnostic test methods, accurate identification of IgM anti-MAG 

autoantibodies proves to be a challenge [52]. 

Mutations in the MYD88 (L265P) gene are especially prevalent in patients with 

Waldenström’s macroglobulinaemia (WM), and also occur in approximately 50% of patients 

with IgM MGUS [53, 54]. Patients with IgM MGUS who have the MYD88 (L265P) mutation 

have significantly higher levels of IgM compared to IgM MGUS patients with wild-type 

MYD88 (L265P) [53]. Furthermore, MGUS associated neuropathy patients with the MYD88 

(L265P) mutation had a shorter time to progression to WM than those with the wild-type 

genotype [54]. 

 



7.4 Immunological dynamics in other neuromuscular disorders 

Ludo van der Pol discussed the lack of relevant experimental in vivo and in vitro models 

for IgM MGUS associated peripheral neuropathy, which impedes progress in understanding 

the pathogenesis. Inflammatory neuropathies are often characterized by the presence of 

relatively low affinity IgM or IgG antibodies that bind to glycolipids or glycoproteins. Little 

is known about the biology of B-cells that produce antibodies against these structures. This 

complicates the development of rational treatment strategies with so-called “biologicals”.  

In the past 10-15 years the development of animal models for Guillain-Barré syndrome 

(GBS) variants in both mouse and rabbit has shown that antibodies against glycolipids and 

glycoproteins have pathogenic properties. For example, antibody-mediated deposition of 

complement factors caused dysfunction of the neuromuscular junction in a mouse model and 

induced changes in the architecture of the nodes of Ranvier and paranodal junctions in a 

rabbit model for GBS. More recent developments include the use of human motor neurons 

generated from induced pluripotent stem cells to study effects of glycolipid-specific 

antibodies. Sera from patients with multifocal motor neuropathy (MMN) that contain IgM 

antibodies against the ganglioside GM1 induce complement-dependent and independent 

effects, including changes in calcium homeostasis and neurite damage. The addition of 

immunoglobulin preparations or complement-specific antibodies partially attenuated these 

pathogenic effects [55]. A recent refinement of this approach uses rat Schwann cells with iPS-

derived human motor neurons to generate myelinated axons. These models may be useful in 

the future to study antibody-mediated effects in IgM MGUS associated peripheral neuropathy. 

 

8. Potential drugs in IgM associated peripheral neuropathy 

Shirley D’Sa discussed treatment of IgM MGUS and Waldenström’s macroglobulinaemia 

associated peripheral neuropathy. Treatment choices are influenced by burden of the disease, 

evidence for treatment benefit, and costs of the treatment. Available classes of drug therapy 

include: corticosteroids, calcineurin inhibitors, mechanistic target of rapamycin (mTOR) 

inhibitors, cytostatics, monoclonal antibodies, and a number of biologics, including Bruton 

tyrosine kinase (BTK) inhibitors. 

Occasionally haematological treatment takes a precedent decision in therapy. Treatment in 

IgM associated peripheral neuropathy is only started with a neurological indication when 

there is measurably progressive disease causing disability in combination with short disease 

duration (preferably less than 2 years from onset); the decision to treat is often made on a 

case-by-case judgement. There is low to moderate quality evidence that rituximab is of 



benefit in the treatment of anti-MAG demyelinating neuropathy. In patients with significant 

or progressive disability associated with a demyelinating anti-MAG associated IgM MGUS 

with a co-existent neuropathy, immunosuppressive or immunomodulatory treatment may be 

considered as an alternative to rituximab depending on availability, comorbidity and patient 

preference [2, 56-58]. 

Factors predictive of a response to treatment with rituximab in anti-MAG neuropathy 

remain to be elucidated. However, short disease duration (less than 2 years), active 

progression at time of treatment and preservation of nerve density in biopsies might predict 

response to treatment [59]. Serum anti-MAG titres are currently not useful to monitor the 

severity of neuropathy or the response to treatment. It has been suggested that a significant 

drop in antibody serum levels might be necessary to achieve a response, but the depth of 

optimal haematological remission to be achieved is not known [60]. Complete elimination of 

the clonal IgM is probably neither practical nor possible. Clinical stability rather than 

improvement is the most likely outcome of treatment although rare dramatic improvements 

are reported. 

Promising therapies for future perspectives are carfilzomib which has been assessed in 

combination with rituximab and dexamethasone (CaRD) [61], ixazomib, everolimus (an oral 

mTOR inhibitor) [62], the BTK inhibitors ibrutinib [63], acalabrutinib [64], BGB-3111 [65] 

and IMO-8400 [66] (oligonucleotides specifically designed to inhibit toll-like receptor 

signalling pathways for which MYD88 is a key linker protein), and daratumumab, a human 

antibody to CD38 [67]. Clinical trials of emerging therapies are urgently needed in this 

clinical setting.  

  

9. Conclusion and recommendations 

The organizing committee summarised the workshop and developed plans for future 

research in IgM associated peripheral neuropathy. The IMAGiNe study will serve as a 

platform for a collaborative effort in creating an IgM associated peripheral neuropathy 

registry. The main aim is to create a unique cohort of prospectively collected and highly 

standardized clinical data of a large group of well-defined patients with IgM associated 

peripheral neuropathy with and without anti-MAG antibodies. We will collect comprehensive 

demographic and historic data, as well as data on antibody status. Furthermore, we will 

collect haematological, neurophysiological and therapeutic records. Efforts will be made to 

include as many centres as possible. Centres that enrol at least 10 patients are eligible to 

participate. 



Data will be collected at the level of impairment, activity and participation, and quality of 

life. We will measure symptoms such as weakness, loss of sensation, impaired balance, 

ataxia, tremor and pain in pre-selected outcome measures with newly devised metrics if 

needed. All these are important to define the voice of the patient, though the most relevant 

outcome will be to measure meaningful limitations at the level of activity and participation. 

The core set of outcome measures selected for the IMAGiNe study contains the PI-NRS, EQ-

5D, PGIC, and we will attempt to develop an IgM-specific RODS. Other outcome measures 

and recording methods should be explored, such as web-based formats for patients and health-

care professionals, and activity measurements with activity devices/smart phones. A biobank 

will be formed with local storage of blood samples to identify genetic and serological markers 

for disease course and outcome.  

We will explore new avenues in diagnosis, disease classification, pathogenesis and 

treatment in close collaboration with our haematological colleagues. We aim to commence 

our first clinical trial of combination therapy utilizing novel outcomes by the end of 2018, and 

review progress through the ENMC, presenting and publishing significant data by 2022.  

 

10. Participants 

Prof. Dr. Peter van den Bergh, Brussels, Belgium 

Patricia Blomkwist-Markens, Baarn, the Netherlands 

Prof. Dr. David Cornblath, Baltimore, Maryland, United States of America 

Dr. Shirley D’Sa, London, United Kingdom 

Prof. Dr. Catharina Faber, Maastricht, the Netherlands 

Dr. Stephan Goedee, Utrecht, the Netherlands 

Prof. Dr. Ken Gorson, Boston, Massachusetts, United States of America 

Dr. Jean-Marc Léger, Paris, France 

Prof. Dr. Richard Lewis, Los Angeles, California, United States of America 

Dr. Michael Lunn, London, United Kingdom 

Lou Mazawey, Baltimore, Maryland, United States of America 

Dr. Ingemar Merkies, Maastricht, the Netherlands and Curaçao 

Prof. Dr. Eduardo Nobile-Orazio, Milan, Italy 

Dr. Nicolette Notermans, Utrecht, the Netherlands 

Prof. Dr. Luca Padua, Rome, Italy 

Dr. Ludo van der Pol, Utrecht, the Netherlands 

Drs. Mariëlle Pruppers, Maastricht, the Netherlands 



Dr. Louis Querol, Barcelona, Spain 

Prof. Dr. Andreas Steck, Basel, Switzerland 

Prof. Dr. Hugh Willison, Glasgow, United Kingdom 

 

Members of the IMAGiNe study group, not present: 

Dr. Monique Minnema, Utrecht, the Netherlands; Dr. Alexander Vrancken, Utrecht, the 

Netherlands. 

 

Acknowledgements 

This workshop was made possible thanks to the financial support of the European 

neuromuscular centre (ENMC) and ENMC main sponsors: association Française contre les 

Myopathies (France), Deutsche Gesellschaft für Muskelkranke (Germany), Telethon 

Foundation (Italy), Muscular Dystrophy Campaign (UK), Muskelvindfonden (Denmark), 

Prinses Beatrix Fonds (The Netherlands), Schweizerische Stiftung für die Erforschung der 

Muskelkrankheiten (Switzerland), Österreichische Muskelforschung (Austria), Vereniging 

Spierziekten Nederland (The Netherlands). 

 

The pharmaceutical company GRIFOLS also contributed financially to this workshop with an 

unrestricted grant to the ENMC. 

 

References 

[1] Bida JP, Kyle RA, Therneau TM, et al. Disease associations with monoclonal 

gammopathy of undetermined significance: a population-based study of 17,398 

patients. Mayo Clin Proc  2009;84:685-93. 

[2] Lunn MP, Nobile-Orazio E. Immunotherapy for IgM anti-myelin-associated 

glycoprotein paraprotein-associated peripheral neuropathies. Cochrane Database Syst 

Rev  2012:CD002827. 

[3] Niermeijer JM, Fischer K, Eurelings M, Franssen H, Wokke JH, Notermans NC. 

Prognosis of polyneuropathy due to IgM monoclonal gammopathy: a prospective 

cohort study. Neurology  2010;74:406-12. 

[4] Merkies IS, Lauria G. 131st ENMC international workshop: selection of outcome 

measures for peripheral neuropathy clinical trials 10-12 December 2004, Naarden, The 

Netherlands. Neuromuscul Disord  2006;16:149-56. 



[5] Lunn MP, Leger JM, Merkies IS, et al. 151st ENMC international workshop: 

Inflammatory Neuropathy Consortium 13th-15th April 2007, Schiphol, The 

Netherlands. Neuromuscul Disord  2008;18:85-9. 

[6] Vanhoutte EK, Faber CG, Merkies IS, PeriNom Ssg. 196th ENMC international 

workshop: Outcome measures in inflammatory peripheral neuropathies 8-10 February 

2013, Naarden, The Netherlands. Neuromuscul Disord  2013;23:924-33. 

[7] Joint Task Force of the EFNS and the PNS. European Federation of Neurological 

Societies/Peripheral Nerve Society Guideline on management of paraproteinemic 

demyelinating neuropathies. Report of a Joint Task Force of the European Federation 

of Neurological Societies and the Peripheral Nerve Society--first revision. J Peripher 

Nerv Syst  2010;15:185-95.  

[8] Eurelings M, Lokhorst HM, Kalmijn S, Wokke JH, Notermans NC. Malignant 

transformation in polyneuropathy associated with monoclonal gammopathy. 

Neurology  2005;64:2079-84. 

[9] Kelly JJ, Jr., Kyle RA, O'Brien PC, Dyck PJ. Prevalence of monoclonal protein in 

peripheral neuropathy. Neurology  1981;31:1480-3. 

[10] Nobile-Orazio E, Meucci N, Baldini L, Di Troia A, Scarlato G. Long-term prognosis 

of neuropathy associated with anti-MAG IgM M-proteins and its relationship to 

immune therapies. Brain  2000;123 ( Pt 4):710-7. 

[11] Klein CJ, Moon JS, Mauermann ML, et al. The neuropathies of Waldenstrom's 

macroglobulinemia (WM) and IgM-MGUS. Can J Neurol Sci  2011;38:289-95. 

[12] Law M, Polatajko H, Pollock N, McColl MA, Carswell A, Baptiste S. Pilot testing of 

the Canadian Occupational Performance Measure: clinical and measurement issues. 

Can J Occup Ther  1994;61:191-7. 

[13] Law M, Baptiste S, McColl M, Opzoomer A, Polatajko H, Pollock N. The Canadian 

occupational performance measure: an outcome measure for occupational therapy. 

Can J Occup Ther  1990;57:82-7. 

[14] Dalakas MC, Rakocevic G, Salajegheh M, et al. Placebo-controlled trial of rituximab 

in IgM anti-myelin-associated glycoprotein antibody demyelinating neuropathy. Ann 

Neurol  2009;65:286-93. 

[15] Leger JM, Viala K, Nicolas G, et al. Placebo-controlled trial of rituximab in IgM anti-

myelin-associated glycoprotein neuropathy. Neurology  2013;80:2217-25. 

[16] World Health Organization, The International Classification of Functioning, Disability 

and Health: ICF, ed. World Health Organization, 2001, Geneva. 



[17] Merbitz C, Morris J, Grip JC. Ordinal scales and foundations of misinference. Arch 

Phys Med Rehabil  1989;70:308-12. 

[18] Grimby G, Tennant A, Tesio L. The use of raw scores from ordinal scales: time to end 

malpractice? J Rehabil Med  2012;44:97-8. 

[19] Rasch G (1960). Probabilistic Models for Some Intelligence and Attainment Tests. 

University of Chicago Press, Chicago. 

[20] Vanhoutte EK, Hermans MC, Faber CG, et al. Rasch-ionale for neurologists. J 

Peripher Nerv Syst  2015;20:260-8. 

[21] Pruppers MH, Merkies IS, Notermans NC. Recent advances in outcome measures in 

IgM-anti-MAG+ neuropathies. Curr Opin Neurol  2015;28:486-93. 

[22] Tennant A, Conaghan PG. The Rasch measurement model in rheumatology: what is it 

and why use it? When should it be applied, and what should one look for in a Rasch 

paper? Arthritis Rheum  2007;57:1358-62. 

[23] Jaeschke R, Singer J, Guyatt GH. Measurement of health status. Ascertaining the 

minimal clinically important difference. Control Clin Trials  1989;10:407-15. 

[24] Beaton DE, Boers M, Wells GA. Many faces of the minimal clinically important 

difference (MCID): a literature review and directions for future research. Curr Opin 

Rheumatol  2002;14:109-14. 

[25] Merkies IS, van Nes SI, Hanna K, Hughes RA, Deng C. Confirming the efficacy of 

intravenous immunoglobulin in CIDP through minimum clinically important 

differences: shifting from statistical significance to clinical relevance. J Neurol 

Neurosurg Psychiatry  2010;81:1194-9. 

[26] Shy ME, Rose MR. Charcot-Marie-Tooth disease impairs quality of life: why? And 

how do we improve it? Neurology  2005;65:790-1. 

[27] Padua L, Rendeli C, Rabini A, Girardi E, Tonali P, Salvaggio E. Health-related quality 

of life and disability in young patients with spina bifida. Arch Phys Med Rehabil  

2002;83:1384-8. 

[28] Nobile-Orazio E, Manfredini E, Carpo M, et al. Frequency and clinical correlates of 

anti-neural IgM antibodies in neuropathy associated with IgM monoclonal 

gammopathy. Ann Neurol  1994;36:416-24. 

[29] Renaud S, Fuhr P, Gregor M, et al. High-dose rituximab and anti-MAG-associated 

polyneuropathy. Neurology  2006;66:742-4. 



[30] Vital C, Vital A, Deminiere C, Julien J, Lagueny A, Steck AJ. Myelin modifications in 

8 cases of peripheral neuropathy with Waldenstrom's macroglobulinemia and anti-

MAG activity. Ultrastruct Pathol  1997;21:509-16. 

[31] Ritz MF, Erne B, Ferracin F, Vital A, Vital C, Steck AJ. Anti-MAG IgM penetration 

into myelinated fibers correlates with the extent of myelin widening. Muscle Nerve  

1999;22:1030-7. 

[32] Lunn MP, Crawford TO, Hughes RA, Griffin JW, Sheikh KA. Anti-myelin-associated 

glycoprotein antibodies alter neurofilament spacing. Brain  2002;125:904-11. 

[33] Stalder AK, Erne B, Reimann R, et al. Immunoglobulin M deposition in cutaneous 

nerves of anti-myelin-associated glycoprotein polyneuropathy patients correlates with 

axonal degeneration. J Neuropathol Exp Neurol  2009;68:148-58. 

[34] Kohriyama T, Ariga T, Yu RK. Preparation and characterization of antibodies against 

a sulfated glucuronic acid-containing glycosphingolipid. J Neurochem  1988;51:869-

77. 

[35] Maeda Y, Brosnan CF, Miyatani N, Yu RK. Preliminary studies on sensitization of 

Lewis rats with sulfated glucuronyl paragloboside. Brain Res  1991;541:257-64. 

[36] Yamawaki M, Vasquez A, Ben Younes A, et al. Sensitization of Lewis rats with 

sulfoglucuronosyl paragloboside: electrophysiological and immunological studies of 

an animal model of peripheral neuropathy. J Neurosci Res  1996;44:58-65. 

[37] Kahn SN, Stanton NL, Sumner AJ, Brown MJ, Spitalnik SL, Morein B. Analysis of 

the feline immune response to human myelin-associated glycoprotein. J Neurol Sci  

1989;89:141-8. 

[38] Ilyas AA, Gu Y, Dalakas MC, Quarles RH, Bhatt S. Induction of experimental ataxic 

sensory neuronopathy in cats by immunization with purified SGPG. J Neuroimmunol  

2008;193:87-93. 

[39] Herrendorff R, Hanggi P, Pfister H, et al. Selective in vivo removal of pathogenic anti-

MAG autoantibodies, an antigen-specific treatment option for anti-MAG neuropathy. 

Proc Natl Acad Sci U S A  2017;114:E3689-E3698. 

[40] Franssen H, Notermans NC. Length dependence in polyneuropathy associated with 

IgM gammopathy. Ann Neurol  2006;59:365-71. 

[41] Capasso M, Torrieri F, Di Muzio A, De Angelis MV, Lugaresi A, Uncini A. Can 

electrophysiology differentiate polyneuropathy with anti-MAG/SGPG antibodies from 

chronic inflammatory demyelinating polyneuropathy? Clin Neurophysiol  

2002;113:346-53. 



[42] Attarian S, Azulay JP, Boucraut J, Escande N, Pouget J. Terminal latency index and 

modified F ratio in distinction of chronic demyelinating neuropathies. Clin 

Neurophysiol  2001;112:457-63. 

[43] Padua L, Martinoli C, Pazzaglia C, et al. Intra- and internerve cross-sectional area 

variability: new ultrasound measures. Muscle Nerve  2012;45:730-3. 

[44] Lucchetta M, Padua L, Granata G, et al. Nerve ultrasound findings in neuropathy 

associated with anti-myelin-associated glycoprotein antibodies. Eur J Neurol  

2015;22:193-202. 

[45] Maurer MA, Rakocevic G, Leung CS, et al. Rituximab induces sustained reduction of 

pathogenic B cells in patients with peripheral nervous system autoimmunity. J Clin 

Invest  2012;122:1393-402. 

[46] Hoffman W, Lakkis FG, Chalasani G. B Cells, Antibodies, and More. Clin J Am Soc 

Nephrol  2016;11:137-54. 

[47] Nobile-Orazio E, Baldini L, Barbieri S, et al. Treatment of patients with neuropathy 

and anti-MAG IgM M-proteins. Ann Neurol  1988;24:93-7. 

[48] Shy ME, Vietorisz T, Nobile-Orazio E, Latov N. Specificity of human IgM M-

proteins that bind to myelin-associated glycoprotein: peptide mapping, 

deglycosylation, and competitive binding studies. J Immunol  1984;133:2509-12. 

[49] Murray N, Steck AJ. Indication of a possible role in a demyelinating neuropathy for an 

antigen shared between myelin and NK cells. Lancet  1984;1:711-3. 

[50] Spagnol G, Doneda P, Cavanna B, et al. Expression of glycosylated recombinant 

human myelin-associated glycoprotein on a neuroblastoma cell line and its reactivity 

with HNK-1 but not human anti-MAG antibodies. Neurosci Lett  1998;246:157-60. 

[51] O'Shannessy DJ, Willison HJ, Inuzuka T, Dobersen MJ, Quarles RH. The species 

distribution of nervous system antigens that react with anti-myelin-associated 

glycoprotein antibodies. J Neuroimmunol  1985;9:255-68. 

[52] Jaskowski TD, Prince HE, Greer RW, Litwin CM, Hill HR. Further comparisons of 

assays for detecting MAG IgM autoantibodies. J Neuroimmunol  2007;187:175-8. 

[53] Varettoni M, Arcaini L, Zibellini S, et al. Prevalence and clinical significance of the 

MYD88 (L265P) somatic mutation in Waldenstrom's macroglobulinemia and related 

lymphoid neoplasms. Blood  2013;121:2522-8. 

[54] Correa JG, Cibeira MT, Tovar N, et al. Prevalence and prognosis implication of 

MYD88 L265P mutation in IgM monoclonal gammopathy of undetermined 



significance and smouldering Waldenstrom macroglobulinaemia. Br J Haematol  

2016. 

[55] Harschnitz O, van den Berg LH, Johansen LE, et al. Autoantibody pathogenicity in a 

multifocal motor neuropathy induced pluripotent stem cell-derived model. Ann Neurol  

2016;80:71-88. 

[56] Ghosh A, Littlewood T, Donaghy M. Cladribine in the treatment of IgM 

paraproteinemic polyneuropathy. Neurology  2002;59:1290-1. 

[57] Niermeijer JM, Eurelings M, van der Linden MW, et al. Intermittent 

cyclophosphamide with prednisone versus placebo for polyneuropathy with IgM 

monoclonal gammopathy. Neurology  2007;69:50-9. 

[58] Niermeijer JM, Eurelings M, Lokhorst H, et al. Neurologic and hematologic response 

to fludarabine treatment in IgM MGUS polyneuropathy. Neurology  2006;67:2076-9. 

[59] Treon SP. Fcgamma receptor predictive genomic testing and the treatment of indolent 

non-Hodgkin lymphoma. Clin Lymphoma Myeloma Leuk  2010;10:321-2. 

[60] Benedetti L, Briani C, Grandis M, et al. Predictors of response to rituximab in patients 

with neuropathy and anti-myelin associated glycoprotein immunoglobulin M. J 

Peripher Nerv Syst  2007;12:102-7. 

[61] Treon SP, Tripsas CK, Meid K, et al. Carfilzomib, rituximab, and dexamethasone 

(CaRD) treatment offers a neuropathy-sparing approach for treating Waldenstrom's 

macroglobulinemia. Blood  2014;124:503-10. 

[62] Treon SP. Proteasome inhibitors in Waldenstrom macroglobulinemia. Blood  

2013;122:3243-4. 

[63] Treon SP, Tripsas CK, Meid K, et al. Ibrutinib in previously treated Waldenstrom's 

macroglobulinemia. N Engl J Med  2015;372:1430-40. 

[64] Wu J, Zhang M, Liu D. Acalabrutinib (ACP-196): a selective second-generation BTK 

inhibitor. J Hematol Oncol  2016;9:21. 

[65] Tam C, Grigg AP, Opat S, et al, The BTK Inhibitor, Bgb-3111, Is Safe, Tolerable, and 

Highly Active in Patients with Relapsed/ Refractory B-Cell Malignancies: Initial 

Report of a Phase 1 First-in-Human Trial, in 57th Annual Meeting & Exposition. 

2015: Orlando, FL. 

[66] Thomas SK, Harb WA, Beck JT, et al, Preliminary Results from a Phase 1/2, Open-

Label, Dose-Escalation Clinical Trial of IMO-8400 in Patients with Relapsed or 

Refractory Waldenstrom's Macroglobulinemia in 57th Annual Meeting & Exposition. 

2015: Orlando, FL. 



[67] Phipps C, Chen Y, Gopalakrishnan S, Tan D. Daratumumab and its potential in the 

treatment of multiple myeloma: overview of the preclinical and clinical development. 

Ther Adv Hematol  2015;6:120-7. 

  



Appendix 1 

 

Six questions Padua asked his patients with anti-MAG peripheral neuropathy: 

1. Which is the main limitation due to the neuropathy? 

2. Which are the most limiting sensory symptoms? 

3. Which is the main limitation due to movement involvement? 

4. How much pain limits the activities of daily living (ADL)? 

5. What should be asked more during medical visits? 

6. What should improve with therapy? 

 

 

 


