
Seminars in Hematology 62 (2025) 76–84 

Contents lists available at ScienceDirect 

Seminars in Hematology 

journal homepage: www.elsevier.com/locate/seminhematol

Report of Consensus Panel 1 from the 12th International Workshop on 

the management of patients with IgM and Waldenstrom’s 

Macroglobulinemia related neuropathy 

Shirley D’Sa 

a , ∗, Jahanzaib Khwaja 

a , Signy Chow 

b , Meletios A. Dimopoulos c , Irene Dogliotti d , 
Moshe E. Gatt e , Roman Hajek 

f , Jindriska Lindsay 

g , Giampaolo Merlini h , Pierre Morel i , 
Alessandra Tedeschi j , Claudio Cerchione 

k , Merav Leiba 

l , Christopher J. Patterson 

m , 
Steven P. Treon 

m , Christian Buske 

n , Jeffrey V. Matous o , Marzia Varettoni p , Josephine M.I. Vos q , 
Filip Eftimov 

r , Michael P. Lunn 

s , Efstathios Kastritis c 

a Centre for Waldenström Macroglobulinaemia and Related Conditions, University College London Hospitals NHS Foundation Trust, London, UK 
b Odette Cancer Centre, Sunnybrook Health Sciences Centre, Division of Medical Oncology and Hematology, Faculty of Medicine, University of Toronto, Toronto, Canada 
c Department of Clinical Therapeutics, National and Kapodistrian University of Athens, Athens, Greece 
d Unit of Hematology, Department of Biotechnology and Health Sciences, University of Torino, Torino, Italy 
e Department of Hematology, Hadassah Medical Center, Faculty of Medicine, Hebrew University of Jerusalem, Israel 
f Department of Haemato-oncology, University Hospital Ostrava and Faculty of Medicine, University of Ostrava, Ostrava, Czech Republic 
g University College London Hospitals, NHS Foundation Trust, London, UK 
h Amyloidosis Research and Treatment Center, IRCCS Policlinico San Matteo, University of Pavia, Pavia, Italy 
i Department of Hematology, University Hospital of Amiens, Amiens, France 
j Niguarda Cancer Center, ASST Grande Ospedale Metropolitano Niguarda, Milan, Italy 
k Hematology Unit, IRCCS Istituto Scientifico Romagnolo per lo Studio dei Tumori (IRST) "Dino Amadori", Meldola, Italy 
l Assuta Ashdod University Hospital, Faculty of Health Sciences, Ben-Gurion University of the Negev, Jerusalem, Israel 
m Bing Center for Waldenström’s Macroglobulinemia, Dana-Farber Cancer Institute, Harvard Medical School, Boston, MA 
n Institute of Experimental Cancer Research, University Hospital Ulm, Ulm, Germany 
o Colorado Blood Cancer Institute, Sarah Cannon Research Institute, Denver, CO 
p Division of Hematology, Fondazione iRCCS Policlinico, San Matteo, Italy 
q Department of Hematology, Cancer Center Amsterdam/LYMMCARE, Amsterdam UMC, University of Amsterdam, Amsterdam, The Netherlands 
r Department of Neurology, Amsterdam UMC, Amsterdam, The Netherlands 
s Centre for Neuromuscular Disease, National Hospital for Neurology and Neurosurgery, London UK 

a r t i c l e i n f o 

Keywords: 

Waldenstrom’s macroglobulinemia 

IgM 

Demyelinating neuropathy 

Myelin associated glycoprotein 

Treatment 

a b s t r a c t 

The IgM-related peripheral neuropathies (IgM-PN) are a group of chronic disorders characterized by the 

presence of monoclonal IgM that may be associated with one of several diseases affecting the periph- 

eral nerves. In many cases, there is a monoclonal IgM associated with activity against neural targets, 

leading to progressive peripheral nerve demyelination. Neurological symptoms in this setting can also 

result from direct invasion of the peripheral or central nervous system by lymphoplasmacytic cells (neu- 

rolymphomatosis and Bing-Neel syndrome respectively) or via other mechanisms (for example AL amy- 

loid deposition or cryoglobulinemic vasculitis). There is an expanding array of treatment options, but 

high-quality data are sparse. Diagnostic accuracy is important and needs collaboration between hematol- 

ogists and neuromuscular specialists to determine the sequence and intensity of investigations. Appropri- 

ate causal attribution to the IgM disorder is essential to enable the correct therapeutic intervention. The 

aims of treatment intervention should be clear and realistic. Consistent and clinically meaningful mea- 

sures are needed to capture treatment success. Despite therapeutic advances, many patients experience 

persistent disability, highlighting the need for further research. 

© 2025 Elsevier Inc. All rights are reserved, including those for text and data mining, AI training, and 

similar technologies. 
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The IgM-related peripheral neuropathies (IgM-PN) are a group

f chronic disorders characterized by the presence of monoclonal

gM that may be associated with one of several diseases affect-

ng the peripheral nerves. Monoclonal IgM related demyelinating

olyneuropathy (IgM-DMPN) is a chronic disorder characterized by

he presence of monoclonal IgM associated with activity against

eural targets, leading to progressive peripheral nerve demyelina-

ion. IgM-DMPN is typically a slowly progressive, length-dependent

redominantly sensory neuropathy, with or without distal weak-

ess and ataxia. It is mainly associated with IgM monoclonal

ammopathy of undetermined significance (MGUS) or Walden-

tröm’s macroglobulinemia (WM), and occasionally other B-cell 

ymphomas. Neurological symptoms in association with mono- 

lonal IgM can also result from direct invasion of the periph-

ral or central nervous system by lymphoplasmacytic cells (neu-

olymphomatosis and Bing-Neel syndrome (BNS) respectively) or 

ia other mechanisms (for example AL amyloid deposition or cryo-

lobulinemic vasculitis). 

The prevalence of the entirety of monoclonal IgM protein re-

ated neuropathies is unknown, but amongst those with IgM mon-

clonal gammopathies (including WM) approximately 30% expe- 

ience symptoms of PN [ 1–4 ]. The diagnosis and management of

gM-PN poses challenges because of clinical overlap with other

nflammatory neuropathies, their slow progression, and lack of

tandardized treatments. Electrophysiological studies, serum im- 

unofixation and testing for anti-MAG and other antineuronal an-

ibodies are important for accurate diagnosis but have limited util-

ty in measuring response to treatment. 

There is an expanding array of effective treatment options,

ut uncertainty persists due to limited high-quality data and

he lack of robust neuro-hematology provision in healthcare

ettings. 

Thus, many patients receive inappropriate treatment and expe-

ience persistent disability, highlighting the need for further re-

earch. Following the deliberations of the IWWM-12 in Prague

n 2024, a panel of experts discussed common clinical problems

n the diagnosis, evaluation and treatment of patients with IgM-

N. The consensus of the discussions is presented in the current

anuscript . 

ow can we be sure that neuropathy in the presence of IgM 

GUS or WM is causally related? When are invasive 

nvestigations indicated? 

The causal relationship of IgM monoclonal gammopathies with

N is not straightforward . IgM MGUS and PN are both more preva-

ent with advancing age [ 5–7 ], but the close association between

eripheral neuropathy and IgM paraprotein suggests a causal link.

xperimental and clinical observations suggest that about half

f IgM-associated demyelinating neuropathies are causally related 

o the targeted epitope of that paraprotein, most often myelin

ssociated glycoprotein (MAG) [ 8–12 ] and that high serum an-

ibody titers are more likely to be pathogenic than low titers.

ntibodies targeting other epitopes such as gangliosides GM1

nd GD1b and sulphatide are found in a smaller proportion of

GUS-associated neuropathy. In about 40% to 50% of patients

ith IgM and a demyelinating or ‘conduction slowing’ PN, nei-

her anti-MAG nor other neuronal antibodies are found [ 13 , 14 ].

able 1 summarizes the differential diagnoses. 

A confirmed association between the gammopathy and the PN

equires neurological, serological and hematological categorization 

f both. Close collaboration with peripheral nerve or neuromuscu-

ar specialists will define the requirement for invasive investiga-
Downloaded for Anonymous User (n/a) at University of Pittsbur
2025. For personal use only. No other uses without permission.
ions ( Table 2 ), optimization of supportive therapy and the need

or clone-directed therapy, particularly in cases where clinical fea-

ures are atypical. Alternative or additional causes of neuropathic

ymptoms (diabetes, nutritional deficiencies and alcohol, connec- 

ive tissue disease, drugs or mechanical root irritation, or genetic)

hould be actively sought. 

Typical features of IgM anti-MAG demyelinating PN include

lowly progressive (at least 6-12 months) distal, symmetrical neu-

opathy, usually painless with frequent imbalance, ataxia and

remor. Usually there are no or few motor symptoms; if motor in-

olvement occurs it is typically mild and distal, and later in the

ourse of disease. Cranial nerve involvement is rare. Other phe-

otypes of neuropathy are recognizable and are summarized in

able 1 . 

Nerve conduction studies (NCS) / electromyography (EMG) is

ecommended whenever a neuropathy is identified by clinical his-

ory and examination as an extension of the clinical examina-

ion. These tests define the characteristics of neuropathy, its na-

ure (conduction slowing/demyelinating vs axonal vs a mixed pic-

ure), and the pattern and extent of nerve damage (symmetri-

al, upper or lower limb, patchy mononeuropathy or confluent,

nd whether there is prominent denervation of axonal loss or a

adiculopathy). Typical electrophysiological findings in the anti- 

AG setting are symmetrical reduction or absence of sensory ac-

ion potentials, reduced conduction velocities, and disproportion- 

tely prolonged distal motor latencies. An important distinction

o be made is from chronic inflammatory demyelinating polyneu-

opathy (CIDP) which has differences on NCS [ 15–17 ] and clini-

al characteristics [ 14 , 18 , 19 ]. Neurophysiological findings in mon-

clonal IgM related demyelinating neuropathies are shown in

able 1 . 

Rarely, a nerve biopsy may be needed if the diagnosis remains

nconfirmed despite appropriate assessments as above and if done

hould be undertaken by an experienced neurosurgeon and ana-

yzed in specialized neuropathology laboratories [ 16 , 17 ]. 

CSF analysis is typically nonspecific in inflammatory neu-

opathies, but if malignant nerve root or CNS invasion is suspected,

ow cytometry should be carried out within 2 to 4 hours of CSF

ampling to minimize the chance of false-negative results. MRI

hould be done before lumbar puncture to avoid false positive lep-

omeningeal enhancement. 

Table 2 summarizes some of the other invasive supportive tests

hat might be performed. 

oes everyone with an IgM-associated neuropathy need 

reatment? 

Treatment is only indicated in progressive neuropathy that im-

airs function and has a confirmed causal link to the monoclonal

ondition. A significant proportion of patients with a monoclonal

gM protein and neuropathy do not have a causal link and so the

araprotein and the neurology should be managed separately. Grey

ases should be discussed in a specialist neurohematology panel if

ossible. 

Many patients with a monoclonal IgM protein related demyeli-

ating PN remain stable for years with minimal impact on their

aily activities; in such cases, there is no indication to treat. Symp-

om management with walking aids, appropriate footwear and en-

ironmental advice is appropriate. Pain is not usually a feature of

nti-MAG neuropathy, but may be present in protein deposition

iseases, cryoglobulinemia, incidental nerve root compression or 

nrelated causes and pain can be managed as below. 

Guidance for treatment of different disease scenarios and as-

ects of disease is presented in Table 3 . 
gh from ClinicalKey.com by Elsevier on October 09, 
 Copyright ©2025. Elsevier Inc. All rights reserved.
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Table 1 

Features of IgM and non-IgM-related neuropathies. 

Anti-MAG Multifocal motor 

neuropathy 

Non-MAG PN Cryoglobulinemia AL Amyloidosis CANOMAD Neurolymphomatosis 

Onset Gradually and slowly 

progressive 

Progressive or stepwise, 

asymmetric usually 

upper limb first 

Gradually progressive Rapidly progressive < 6 

months 

Usually Rapidly progressive 

< 6 months 

Gradually 

progressive 

Gradually progressive but 

can suddenly progress 

due to loss of function 

Clinical features Symmetrical Distal 

Sensory- predominant 

Mild-moderate distal 

muscle weakness 

Motor weakness only Symmetrical Distal, 

Sensory -predominant 

Mild-moderate distal 

muscle weakness 

Sometimes pain 

Symmetrical Sensory 

May be painful 

Skin: 

Purpura Acrocyanosis 

Ulceration 

Swelling 

Kidney: 

Glomerulonephritis 

Other 

Myalgia 

Arthralgia 

Symmetrical Painful 

Length- dependent, 

Sensorimotor 

Autonomic Erectile 

dysfunction Diarrhea 

(sometimes nocturnal) 

Bladder dysfunction 

Postural hypotension 

Weight loss 

Paresthesia 

Hypoesthesia 

ataxia 

Double vision 

Sensory and or motor 

symptoms 

Maybe painful 

NCS/EMG Sensory > motor with 

reduced or absent SNAP 

Motor conduction 

slowing without 

consistent block. 

Disparate DML 

prolongation (leading to 

Tli < 0.25) 

Patchy motor conduction 

slowing with conduction 

block. 

Normal SNAP 

Various. Conduction 

slowing with variable 

amounts of axonal 

loss. May be heavy or 

light chain deposition, 

vasculitis or atypical 

– need nerve biopsy 

Patchy multifocal 

mononeuropathies or motor 

and sensory nerves 

Can be axonal or 

demyelinating, patchy or 

symmetrical and confluent. 

Usually early axonal loss. 

Mixed picture 

with 

demyelination 

and axonal loss, 

predominantly 

sensory > 

motor 

Patchy multiple 

mononeuropathy or 

confluent axonal or 

conduction slowing 

which may mimic CIDP, 

PDPN, vasculitis or 

amyloid 

Demyelinating/ 

Axonal 

Demyelinating Demyelinating Demyelinating or 

axonal or mixed 

Axonal multiple 

mononeuropathies later 

confluent. 

Axonal, ±sufficient 

conduction slowing to 

resemble demyelination 

Mixed Axonal multiple 

mononeuropathies or 

mixed 

Supportive 

tests 

High anti-MAG titer 

typical 

Anti-GM1 antibodies, 

usually of very high titer 

compared to idiopathy 

MMNCB 

Anti-MAG negative. 

Sensory nerve biopsy 

often required 

Cryoglobulins, complement. 

Sensory nerve biopsy. 

Autonomic function testing 

Involved organ tests (cardiac, 

renal, soft tissue, lymph 

node) 

May need biopsy. 

NT-ProBNP 

DPD scan 

SAP scan etc 

Anti-disialosyl 

antibodies 

PET scan 

Central nervous system 

signs 

CSF studies 

MRI head 

Nerve biopsy 

Light chain 

type 

IgM κ is nearly all Not reported Not reported IgM κ 85% type I 

IgM κ 77% type II 

IgM λ predominance No κ/ λ
predominance 

IgM κ 84% 

DML = distal motor latency. 

Bold flag features . Adapted from [ 20 ] SNAP- sensory nerve action potentials. 
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Table 2 

Role of invasive neurological testing and complex imaging. 

Diagnostic Method Recommendation Key findings/indications 

Neurophysiological testing (NCS and 

EMG) [ 16 , 17 , 21 ] 

Routinely required for IgM-PN 

diagnosis 

To characterize neuropathy (demyelinating, axonal, or mixed) and pattern 

(confluent, symmetrical multiple mononeuropathies) and assess extent of 

irreversible nerve damage 

Typical electrophysiological findings in anti-MAG IgM-PN: 

- Symmetrical reduction in conduction velocities—Predominant sensory 

involvement 

- Disproportionately prolonged distal motor latency—Absent sural nerve 

potentials 

Important to differentiate IgM-PN from CIDP associated with an incidental IgM 

paraprotein 

Advanced cases may require assessment in a specialist neuromuscular clinic 

Sensory nerve biopsy [ 11 , 22–25 ] Not routinely required or performed Consider when rapid progression, mixed/axonal neuropathy, neuropathic pain, 

or autonomic dysfunction suggest alternative diagnoses (e.g., AL amyloidosis, 

cryoglobulinemia, or other IgM-related axonal neuropathies) 

Patients with intermediate or low anti-MAG titers ( < 10,0 0 0) may need a sural 

nerve biopsy to confirm IgM myelin deposits, widely spaced myelin or/and 

differentiate from CIDP 

Small fiber neuropathy is not generally associated with IgM-PN 

Skin biopsy for small fiber neuropathy Not recommended While skin punch biopsy may show deposition of monoclonal protein or 

amyloidosis, the panel do not regard measurement of small fiber density to be 

of value in IgM-related neuropathy 

Other tissue biopsy Not routinely required AL amyloidosis: Requires tissue biopsy (abdominal fat, bone marrow, or target 

organ) for amyloid typing 

If other diagnostic findings are inconclusive, a nerve biopsy may be necessary 

Skin biopsy for AL deposits may help in amyloid diagnosis. Counting epidermal 

nerve fibres does not help identify IgM related problems 

Cerebrospinal fluid (CSF) examination 

[ 15 , 17 ] 

Not routinely required Increased CSF protein in > 70% of demyelinating neuropathies with monoclonal 

gammopathy (nonspecific finding). In IgM PDPN the cell count should be 

< 10/mm3 

Consider lumbar puncture if: 

- Malignant nerve root infiltration is suspected 

- Asymmetrical neuropathy or multiple mononeuropathies present 

- CNS symptoms suggestive of Bing-Neel syndrome, requiring 

immunophenotyping and molecular testing 

Imaging studies (MRI and ultrasound of 

nerves) 

Not routinely required MRI of the neuraxis is primarily used to exclude alternative diagnoses and 

should be performed with Gadolinium. 

If needed, MRI should be performed before lumbar puncture to prevent 

reactive meningeal enhancement 

Consultation with a neuroradiologist is recommended for optimal imaging 

(sites, sequences, contrast, etc.) 

Ultrasound of nerves may provide additional information but requires 

specialist ultrasonographers and the changes are not specific to 1 diagnosis 

Table 3 

Treatment considerations. 

Treatment considerations [ 26–30 ] Key points 

When to consider clone-directed 

treatment 

Indicated in progressive neuropathy that impairs function and has a confirmed causal link to the monoclonal 

condition. 

Most likely to benefit: 

- Younger patients 

- Patients with rapidly changing symptoms and signs 

- Patients within ≤5 years from symptom onset 

Note: 

1. IgM paraprotein levels and anti-MAG/antiganglioside antibody titer do not predict clinical benefit. 

2 - Bühlmann anti-MAG ELISA values: - The lower the titer, i.e. below 70,0 0 0 BTU, the less likely it is to be causative. 

Treatment principles for PN in (WM) When PN is the only indication for treatment in WM, management follows the same principles as in WM, though 

proteasome inhibitors such as bortezomib should be avoided because of potential for neurotoxicity. 

When not to treat Many IgM-PN patients remain stable for years with minimal impact on daily activities. 

- In such cases, no treatment is indicated beyond supportive care. 

Symptom management 

Pain 

Tremor 

Physical/occupational therapy 

Pain management: Though anti-MAG neuropathy is typically not painful, pain can occur in monoclonal IgM deposition 

diseases, radiculopathy, or unrelated causes: Gabapentin, pregabalin, tricyclic antidepressants, or newer 

antidepressants might be used, with tricyclic antidepressants favored for radicular pain. 

Tremor management in anti-MAG neuropathy: Propranolol, clonazepam, topiramate, gabapentin, barbiturates, 

botulinum toxin, or deep brain stimulation (response varies between patients). 

Falls prevention, physical therapy, rehabilitation, and customized ankle-foot orthoses are essential supportive measures. 

Mobility aids, appropriate footwear, and environmental modifications are recommended. 

Downloaded for Anonymous User (n/a) at University of Pittsburgh from ClinicalKey.com by Elsevier on October 09, 
2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.
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hat are the primary treatment options for these patients? 

hat is the role of rituximab monotherapy, 

hemoimmunotherapy, targeted therapies and plasmapheresis? 

rincipals of therapy 

The aim of therapy in the setting of IgM-related PN is improve-

ent in symptoms and disability due to neuropathy. The speed

nd depth of the hematological response needed for a successful 

utcome remain unknown. Thus, the aim should be to achieve an

ppropriate clinical improvement in disability for any given patient 

hilst provoking the least toxicity. 

A few prospective studies and small retrospective case-series 

xist in IgM-PN. There is significant heterogeneity in the data, and

everal include patients with and without anti-MAG antibodies. 

he interpretation of these studies [ 28 , 30–45 ], supported by an

lder meta-analysis [ 29 ], indicates that a subset of patients with

gM-related PN can derive significant clinical benefit from anti- 

D20 B-cell directed therapy such as rituximab. A temporary wors- 

ning of PN symptoms following rituximab therapy has been re- 

orted and linked to the IgM-flare [ 32 , 39 , 46–50 ]. Shorter disease

uration ( < 2-5 years), younger age, active progression at time of

reatment and preservation of nerve density in biopsies might pre- 

ict response to therapy [ 1 , 21 , 26 , 51–53 ]. 

The optimal dosing regimen for rituximab is uncertain; how- 

ver standard hematological dosing is commonly prescribed 

375mg/m2 weekly x4) with clinical evaluation at 4-6 months 

nd consideration of retreatment at 6 months. Alternative agents 

ay be considered, preferably in the context of a clinical

rial. 

It is important to note that this benefit is associated with IgM

eduction, rather than reduction in the titer of the anti-neuronal

ntibody, and the benefit is usually evident at later points of eval-

ation (often 6-8 months or more from start of therapy). Elimina-

ion of the clonal IgM is not achievable with rituximab alone and

s only very rarely achieved with low intensity rituximab-based 

ombinations such as dexamethasone, rituximab and cyclophos- 

hamide (DRC) or BTKis. 

Nevertheless, R-chemotherapy combinations are likely more 

ytoreductive, and improvement could be more rapid (although 

till slow) [ 38 , 42 ] and have relatively low toxicity. Cyclophos-

hamide may be considered appropriate if there is an inflamma- 

ory/vasculitic component of neuropathy, in consultation with pe- 

ipheral nerve or neuromuscular specialist. In such cases it may be

ppropriate to apply the dose and duration of cyclophosphamide 

s per the CYCLOPS protocol [ 54 ]: IV Cyclophosphamide 15 mg/kg

max 1.2 g per dose) every 2 weeks for the first 3 doses, then every

 weeks for a total of 6 to 10 doses. 

More intensive combinations may achieve higher rates of com- 

lete IgM response (CR/VGPR) but are less favored outside the set-

ing of systemic AL amyloidosis because of their greater toxicity. 

ata on bendamustine and rituximab (BR) show that hematologic 

esponses are impressive and prolonged, but limited data exist 

bout the clinical effect on the symptoms of PN and electrophysi-

logy and neurologic assessment scales [ 41 ]. As BR has greater tox-

city than DRC it is not a commonly selected approach. It may be

ppropriate for relapse following prior R-chemotherapy or when 

here is substantial systemic disease load to reduce. 

There are limited data and availability of combinations of rit- 

ximab with non-neurotoxic proteasome inhibitors (carfilzomib or 

xazomib) [ 55–57 ]. 

Data on BTKi in IgM-PN are being accrued in prospective stud-

es in IgM-PN. Case reports suggest efficacy and relatively swift im-

rovement by ibrutinib in IgM-PN [ 58 ]. Symptomatic improvement

n WM-associated PN that progressed after rituximab has also been 

een [ 59 ]. 
Downloaded for Anonymous User (n/a) at University of Pitts
2025. For personal use only. No other uses without permiss
Regarding zanubrutinib, an ad hoc analysis of the ASPEN trial 

n 49 WM patients with PN symptoms (zanubrutinib, 27; ibrutinib, 

2) showed resolution of PN symptoms in 35 (71.4%) at a median

ime of 10 months. A significant relationship of PN symptom reso-

ution with major response and with lower baseline anti-MAG anti- 

ody levels was seen [ 43 ]. A case report indicates that tirabrutinib

ay also be effective [ 60 ]. Data on pirtobrutinib are currently lack-

ng. The potential benefits of BTKi should be weighed against the

eed for indefinite use and possible accrual of toxicity or resistance

ver time. New combinations of chemoimmunotherapy with BTKi 

nhibitors (BR + acalabrutinib) may be associated with high rates of

eep IgM responses but there are no data for patients with neu-

opathy. 

Limited data indicate that venetoclax (with or without ritux- 

mab) may be an option for patients with IgM anti-MAG neuropa-

hy, after failure of other options [ 51 , 61 ]. 

For patients with anti-MAG antibody-associated PN, IVIG or 

lasmapheresis have limited, if any effect and are not recom- 

ended; corticosteroids alone are ineffective [ 27 , 29 , 53 , 62 ]. Pa-

ients with an IgM paraprotein and a demyelinating neuropathy 

ot consistent with either CIDP or anti-MAG neuropathy may re- 

pond to plasma exchange, steroids, IVIG or clonal depletion but 

esponses are less reliable and frequent and there may be no re-

ponse at all. 

ow does the bone marrow disease burden influence treatment? 

hould MYD88 and CXCR4 mutation status affect management of 

gM-related neuropathy? 

The degree of bone marrow infiltration by LPL plays a modu-

ating role in IgM-PN treatment decisions. Whilst the severity and 

volution of the neuropathy dictates whether treatment is needed, 

arrow infiltration influences what and how systemic therapy 

hould be applied. In all cases, an individualized approach is criti-

al, integrating both hematological and neurological considerations. 

ther important concerns include patient fitness, organ function, 

uration and pace of disability or impairment. 

As LPL cells drive production of pathogenic IgM, a greater 

urden of clonal disease could have a greater impact on nerve

amage. However, the volume of LPL cells does not necessar- 

ly correlate with the IgM level, and neither influences the avid-

ty of monoclonal IgM for its neural target antigen. Thus, a

eep cellular response will not necessarily translate into neural 

ecovery. 

If neuropathy is predominantly axonal and rapidly progressive, 

myloidosis or cryoglobulinemia (both more common in high LPL 

urden cases) could be instrumental and may require more aggres- 

ive therapies despite the level of marrow disease. IgM myeloma 

hould be ruled out in the event AL amyloidosis is detected. For

he treatment of AL amyloidosis refer to the Report of Consensus

anel 6 from the 11th International Workshop on Waldenström’s 

acroglobulinemia on Management of Waldenström’s Macroglob- 

linemia Related Amyloidosis [ 63 ]. Axonal neuropathies are less 

ikely to demonstrate recovery although these may stabilize if pro- 

ressive. 

It is recommended that all patients deemed in need of treat-

ent for their IgM-related PN undergo a bone marrow examina- 

ion to include molecular analysis prior to treatment. This, in par-

llel with the nature and rate of progression of the neuropathy will

uide the selection and delivery of therapy. 

The molecular profile of WM has an increasing impact on treat-

ent decisions, particularly in the context of BTKi and rituximab- 

ased therapies [ 51 ]. MYD88WT patients have a lower likelihood of

esponding to BTKi, making rituximab monotherapy the preferred 

rst-line option. These data will not necessarily be applicable to re-

ponse in treatment of IgM-PN. The presence of MYD88L265P , while
burgh from ClinicalKey.com by Elsevier on October 09, 
ion. Copyright ©2025. Elsevier Inc. All rights reserved.
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Fig. 1. Factors influencing management of patients and suggested treatment approach. Notes: High risk features include AL amyloidosis, cryoglobulinemic vasculitis or other 

inflammatory features on nerve biopsy, neurolymphomatosis. Regarding CXCR4 mutations or TP53 disruptions, there is currently insufficient data to recommend treatment 

selection in the setting of IgM PN. 

Table 4 

Considerations regarding bone marrow infiltration by LPL on IgM-PN treatment decisions. 

Category High bone marrow infiltration ( > 20%-30%) Low bone marrow infiltration ( < 10%-20%) 

Direct influence on clone-directed therapy 

decisions 

- May predict a more aggressive disease course. 

- There may be concurrent hematological reasons to treat. 

- Higher IgM levels increase risk of hyperviscosity and 

systemic complications. 

- The rate of progression of the neuropathy 

may still be rapid but the target monoclonal 

population is smaller and could be mitigated 

by less intensive treatment. 

Impact on treatment selection - Rituximab alone may exacerbate IgM levels ("IgM flare"), 

temporarily worsening neuropathy. 

- Plasmapheresis or Combination therapy with chemotherapy 

(cyclophosphamide or bendamustine) may help mitigate 

neurosymptomatic rituximab driven IgM flares. 

- Combination therapy targeting the malignant clone 

(rituximab, BTK inhibitors, alkylating agents) may be more 

appropriate in keeping with the principles of treating WM for 

hematological reasons (depth and duration of response). 

- Systemic therapy may still be considered, but 

lower treatment intensity may be sufficient. 

- May avoid chemotherapy if neuropathy is 

stable or slowly progressing. 

- Monotherapy with rituximab or BTK 

inhibitors may be an option. 

Consideration of alternative mechanisms of 

neuropathy 

- Higher risk of additional neuropathic mechanisms (e.g., 

amyloidosis, cryoglobulinemia). 

- More likely to require potent anti-clonal therapies. 

- Aggressive pathogenic mechanisms e.g. 

amyloidosis, cryoglobulinemia can occur in the 

setting of a lower disease burden 

Treatment tolerability and risk-benefit 

consideration 

- Older patients or those with significant marrow infiltration 

are more susceptible to myelosuppression from systemic 

therapy. 

- BTK inhibitors (ibrutinib, zanubrutinib) show good 

tolerability and may be preferred in frail patients who cannot 

tolerate rituximab or chemotherapy. 

- Better overall tolerance to treatment. 

- Systemic therapy may still be required, but 

careful assessment of functional impairment 

and progression guides decisions. 
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ot associated with more severe neuropathy, may guide the use

f WM-directed regimens. As data on MYD88 mutational status is

urther advanced, it is felt to be appropriate to include it in the

reatment algorithm for IgM-PN ( Fig. 1 ). 

CXCR4 mutations, particularly S338X, are associated with 

lower responses and higher treatment failure rates with BTKi,

hough zanubrutinib appears to be less impacted than ibrutinib.

lthough del17p and TP53 mutations have not been extensively

tudied in IgM-PN, their known impact in hematologic malignan-

ies suggests that BTKi may be a more appropriate frontline option

ver rituximab-based therapy in affected patients. However, at this

ime, specific recommendations cannot be made based on current

ata. 

s  
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Moving forward, personalized treatment approaches integrat- 

ng molecular profiling may further optimize outcomes in patients

ith IgM-PN and WM-associated neuropathies. 

hat is the relevance of antineuronal antibodies such as 

nti-MAG, or anti-ganglioside etc., and should we follow the 

iters in response to treatment? 

All patients with demyelinating PN and monoclonal IgM should

e tested for IgM anti-MAG antibodies. IgM antibodies are too large

o penetrate a normally functional blood-nerve barrier; thus, in

ivo IgM anti-MAG pathogenesis may depend on factors (local or

ystemic) that increase penetration of IgM into the endoneurium
gh from ClinicalKey.com by Elsevier on October 09, 
 Copyright ©2025. Elsevier Inc. All rights reserved.
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Table 5 

Relevance of anti-MAG titers [ 13 , 14 , 66–68 ]. 

Anti-MAG titer (Bühlmann assay) Dilutional endpoint assay Designation Clinical relevance 

≤10 0 0 BTU ≤800 Negative Not associated with MAG neuropathy. 

10 0 0-70 0 0 BTU N/A Weak Positive Not clinically relevant in neuropathies. 

≥10,0 0 0 BTU ≥1:25,600 Positive More likely associated with typical MAG neuropathy. 

> 70,0 0 0 BTU N/A Strongly Positive Highly associated with typical MAG neuropathy. 

Notes: 

There is no correlation between anti-MAG titers and severity of the neuropathy. 

There is no utility to measuring changes in titer to predict worsening or improvement of a neuropathy. 

There is no correlation between IgM levels and anti-MAG titers. 

Although the titer of anti-MAG may alter following treatment, they are not useful to determine therapeutic efficacy of any treatment. 

Making treatment modifications based on serial anti-MAG evaluations is not recommended 

IgM levels usually decline with successful treatment, but this may not impact on the neuropathology. 

On the other hand, lack of an IgM response or steady increase of IgM level could be a factor in deciding to escalate treatment in case of progression of PN. 

Table 6 

Relevant non-MAG antibody testing in IgM-PN. 

Antibody Associated syndrome Clinical features Considerations 

Anti-GM1 Multifocal Motor Neuropathy (MMN) - Asymmetric, slowly progressive motor 

neuropathy- Predominantly affects upper limbs- No 

significant sensory involvement 

- IVIG is first-line treatment- Steroids 

are ineffective or may worsen 

symptoms 

Anti-GD1b Multifocal Motor Neuropathy (MMN) - Overlaps with anti-GM1 MMN phenotype- Pure 

motor neuropathy 

- Similar treatment to MMN 

IgM 

disialosyl 

CANOMAD Syndrome (Chronic Ataxic 

Neuropathy with Ophthalmoplegia, M-protein, 

Agglutination, and Disialosyl antibodies) 

- Chronic ataxic neuropathy- Ophthalmoplegia- 

Cold agglutinin hemolysis may be present 

- Treatment may include IVIG, 

rituximab, or plasma exchange 
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 9 , 64 ]. Anti-MAG antibodies are most commonly tested by ELISA

 65 ]. The 2 ELISA assays are the Bühlmann assay (commercially

vailable and commonly used) and a dilutional endpoint assay. Lo- 

ally validated ELISAs, Western blot or immunohistochemistry as- 

ays may also be useful [ 17 ]. Anti-MAG antibodies can be found

ncidentally in CIDP or neuropathy from many causes. 

In patients with a monoclonal IgM protein, a demyelinat- 

ng peripheral neuropathy and absent anti-MAG antibodies, test- 

ng for IgM antibodies against other neural antigens (gangliosides 

M1, GD1a, GD1b, GT1b, GM2 and GM3 and the paraglobosides,

ulphate-3-glucuronyl para-globoside (SPGP) or SGLPG ( Table 4 ), 

hould be discussed with a peripheral nerve or neuromuscular spe- 

ialist [ 14 , 65 ]. Anti-GM1 and anti-GD1b antibodies have been as-

ociated with a multifocal motor neuropathy; IgM disialosyl anti- 

odies with CANOMAD; however, these syndromes have a different 

linical presentation to anti-MAG PN and warrant often different 

ypes of treatment [ 69 , 70 ] ( Tables 5 and 6 ). 

ow should clinical response to treatment be assessed? 

Given that the indication to treat patients with IgM-PN is pro-

ressive neuropathy, the evaluation of clinical improvement fol- 

owing treatment is the priority. Neurological clinical improvement 

ay occur late and continue beyond the hematologic response. 

Whatever treatment is used, there is a weak correlation be- 

ween IgM response and clinical improvement of PN and the only

urpose of evaluating the IgM level is to demonstrate the effec-

iveness of clonal B-cell depletion. A pretreatment bone marrow 

iopsy is recommended to guide treatment decisions as above, but 

he need to examine the bone marrow after treatment is based on

he pretreatment levels. If the clone is WM-sized, then post treat-

ent evaluation should proceed as per IWWM6 response criteria. 

f the pretreatment clone was less than 10%, the usefulness of a

epeat marrow is debatable, unless clinical response is inadequate, 

nd a different treatment is under consideration. 

Stability rather than improvement is the most likely outcome 

f treatment although some improvement is reported by a signifi- 

ant minority of patients. Cases of dramatic improvement are rare. 

he rate and degree of neurological response depends on the pre-
Downloaded for Anonymous User (n/a) at University of Pitts
2025. For personal use only. No other uses without permiss
reatment status of the patient, the presence of axonal loss (which

ccumulates over years) and timing of assessments after treatment 

 21 , 26 ]. Due to the slow pace of improvement, it is advisable that

linical and neurologic responses should be assessed after a min- 

mum of 6 months, and preferably at 1 and 2 years, provided no

ignificant deterioration occurs. The neurologic assessment should 

nclude clinical assessments. 

The evaluation of the clinical response is not standardized and 

as not been studied extensively in IgM-PN but there are multiple

ublished and effective measures that can be used. The assessment 

f impairment and disability at the patient-reported and clinician- 

easured levels is meaningfully important [ 14 , 32 ] Frequently used

hresholds for change in demyelinating neuropathies can be found 

n Table 7 , but as previously stated, primary goal of treatment is to

eep patients stable. Lack of deterioration in these outcome mea- 

ures or contemporaneous improvement on 2 or more outcome 

easures e.g. walking, muscle and grip strength, or disability (e.g. 

-RODS, the adjusted INCAT) indicates a clinical response. The role 

f NCS/EMG in the evaluation of the response to treatment in IgM-

N remained controversial among panel members. 
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Table 7 

Clinical and functional assessment tools with significant change criteria. 

Assessment tool Description Clinically significant change 

Adjusted INCAT disability score Evaluates disability in arms and legs, 

frequently used in clinical trials. 

≥1-point change in adjusted INCAT score is considered 

meaningful. 

i-R-ODS Patient-reported outcome scale for daily 

activities. 

≥4-point (centile) change in R-ODS indicates meaningful 

functional change. 

Modified Rankin Scale (mRS) Global disability scale often used in neuropathy 

studies. 

Decrease of ≥1 point in mRS score reflects improved 

disability status. 

MRC sum score Measures muscle strength in key muscle 

groups. 

≥4-point change in the MRC sum score is considered 

clinically significant. 

Smaller changes (1–3 points) may still be 

relevant in patients with severe weakness. 

Martin vigorimeter Measures grip strength Increase/decrease of 8 kPA 
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