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ABSTRACT

IgM paraprotein-associated peripheral neuropathy in patients without overt evidence of lymphoma
is a recognised clinical entity of unknown aetiology. Interrogating the bone marrow B-cell or plasma
cell clones underlying paraproteinemic neuropathies may help our understanding of both
pathogenesis and treatment options. In this retrospective observational analysis of patients with IgM
paraprotein-associated PN from our tertiary Neurohaematology service, we identify five patients
who have small pathological MYD88 and CD20 positive B-cell clones in their bone marrow using
multi-parametric flow cytometry, all of whom have shown durable neurological response to
rituximab treatment. We posit that multi-parametric flow cytometry may be instrumental in
identifying the cellular source of the paraprotein in IgM paraprotein-associated PN and therefore in
directing appropriate immunomodulatory therapy. Further understanding of these small
pathological B-cell clones may also provide additional insight into mechanisms of Monoclonal

Gammopathy of Clinical Significance overall.



INTRODUCTION

IgM paraprotein-associated peripheral neuropathy (PN) is a rare clinical entity associated with a
spectrum of plasma cell dyscrasias ranging from monoclonal gammopathy of undetermined
significance (MGUS) to Waldenstrom’s macroglobulinaemia (WM). Approximately 30-50% of
patients with IgM MGUS (Nobile-Orazio et al 1992) and up to 50% with WM experience PN (Levine et
al 2006). Observational studies have shown that around 30% of patients with IgM paraprotein-
associated PN have moderate disability, requiring assistance with daily activities 10 years after

diagnosis and around 50% require walking aids (Niermeijer et al 2010).

Progressive PN alone is an indication for starting chemo-immunotherapy in patients with WM, who
would have otherwise followed an expectant policy (Dimopoulos et al 2014). Patients with IgM
MGUS, worsening PN and no overt WM or lymphoma may still receive immunomodulatory therapy,
such as rituximab, if they have evidence of causal antibodies to a neural target, such as anti-myelin
associated glycoprotein (MAG) antibodies (D’Sa et al 2017); around 40-50% of IgM paraprotein-
associated neuropathies are related to a positive anti-MAG antibody (Chaudry et al 2017). Trials of
rituximab therapy in anti-MAG neuropathy have shown variable outcomes (Lunn and Nobile-Orazio

2016), and few predictive factors of responsiveness to rituximab have been elucidated.

Existing treatments often aim to reduce the IgM paraprotein concentration or antibody load by
targeting the underlying bone marrow clonal population. Currently, bone marrow examinations are
only indicated for obvious malignant progression, therefore the cellular source of the pathological
paraprotein is often unconfirmed although typically assumed to be either a monoclonal plasma cell

or B-cell clone.

Delineating the precise cellular source may provide insight into the pathophysiology of IgM
paraprotein-associated PN and therefore aid treatment. Recent studies have shown a high
prevalence of the MYD88 L265P mutation in anti-MAG neuropathy (Vos et al 2017). Whilst the
MYD88 mutation is known to be a driver mutation in WM, its significance in the pathogenesis of

anti-MAG neuropathy in the absence of overt WM remains unclear.

We present a group of patients with IgM paraprotein-associated anti-MAG PN and no overt evidence
of B-cell or plasma cell malignancy, who were found to have small volume CD20 and MYD88 L265P

positive B-cell clones that may predict rituximab responsiveness.



PATIENTS AND METHODS

Between January 2015 and May 2018 we saw 66 different patients who had both IgM
paraproteinaemia and neuropathy in our Neurohaematology tertiary referral clinic; of these, 20 had

bone marrow examination with multi-parameter flow cytometry (MFC) (Figure 1).

MFC was added to our standard diagnostic algorithm for bone marrow examination in cases of
suspected lymphoma. Two commercially sourced 10-colour antibody panels (DuraClone, Beckman
Coulter) were designed for this purpose (i) CD3, CD4, CD5, CD8, CD10, CD19, CD20, CD23, CD25,
CD45, FMC7, kappa, lambda and (ii) CD45, CD19, CD22, CD38, CD10, CD79b, CD13, CD34, kappa and
lambda; the samples were run on Navios Flow Cytometers (Beckman Coulter). Red blood cells in
whole bone marrow samples were lysed using a Q-Prep workstation. Nucleated cells were then
washed in PBS three times before re-suspending in PBS and 22% bovine serum albumin. We
established normal ranges using bone marrow samples from 34 patients who did not have

haematological malignancies. Data analysis was with Kaluza software (Beckman Coulter).
RESULTS

A separate group of 5 patients with phenotypically abnormal B-cell clones accounting for <3% total
bone marrow cellularity but without radiological or histological evidence for lymphoma was
identified (Table 1). All were isotype-restricted and positive for CD19, CD20, CD79b, with variable
expression of CD5, CD10 and CD23. Whilst our MFC panels were not specifically designed to detect
plasma cells, no patient had increased or abnormal plasma cells in the marrow aspirate using this
method or in the trephine biopsy by immunohistochemistry. All 5 patients tested positive for the
MYD88 L265P mutation by quantitative PCR (sensitivity 0.5%). CXCR4 mutation analysis was

available in 3 out of 5 patients and negative in all.

The median age of this group was 62 years (range 45 to 78 years; 3 M and 2 F). All patients
presented with chronic progressive sensorimotor neuropathy, with median symptom duration of 4
years (range 2 to 13 years) and median Overall Neuropathy Limitations Scale(ONLS) (Graham and
Hughes 2006) score of 3 (range 3 to 5) pre-treatment. This was similar when compared to a random
sample of 10 patients with IgM paraprotein-associated PN who did not undergo bone marrow
examination (median presenting ONLS score of 3, range 1 to 6). No patients in this group had

received prior chemotherapy or immunotherapy.

All 5 patients had low-level IgM-kappa paraproteinaemia; the median pre-treatment IgM
paraprotein level was 3 g/L (range 1.4 g/L to 6 g/L). Median pre-treatment haemoglobin (available
for 4 patients) was 139 g/L (range 127 g/L to 151 g/L). Four of the 5 patients had cerebrospinal fluid



(CSF) analysis and median CSF protein was 0.66 mg/dL (range 0.5 mg/dL to 0.72 mg/dL); all had

negative CSF cytology.

Three patients had ‘strong positive’ (>70000 Biihlmann titre Units (BTU, BlihImann Laboratories AG,
Switzerland)) anti-MAG antibody titres, and two had ‘positive’ anti-MAG antibody (7000-70000 BTU).

All patients had neurophysiological features consistent with anti-MAG neuropathy.

Four out of 5 patients had previously failed treatment with steroids, intravenous immunoglobulin
(IVIG) or both and went on to receive treatment with rituximab monotherapy (375mg/m? weekly for
four weeks). The fifth patient was lost to follow-up. Response to treatment was measured clinically.
Of the 4 patients who were treated, 1 patient had near-resolution of neuropathy, and was
discharged from our service. One patient, who also had multiple comorbidities showed an
improvement of ONLS score from 4 to 3. In 1 patient, 2 courses of 4-weekly rituximab halted
progression of PN symptoms. Based on as-yet unpublished evidence that low dose rituximab
maintains B-cell suppression, further 3-monthly low-doses of 100mg/m? rituximab were
administered for 12 months and resulted in additional improvement. Another patient required a
second course of 4-weekly rituximab after a 4-year interval because of a relapse of PN symptoms
despite initial significant improvement of numbness and weakness in his feet. With a median follow-
up of 25 months (range 18 to 107 months), none of these 4 patients is known to have developed

WM, myeloma or any other lymphoproliferative disorder.
DISCUSSION

We describe a novel finding of anti-MAG paraproteinaemic neuropathy associated with small
volume CD20 and MYD88 L265P positive B-cell clones in the bone marrow, in the absence of

lymphoma or myeloma.

In our cohort, all clones detected via MFC were CD20 positive, and affected patients have shown
durable neurological improvement following rituximab monotherapy. The response to anti-CD20
therapy supports the hypothesis that the abnormal B-cell clones we identified may be the cellular
source of the IgM paraprotein in these patients and instrumental in the pathophysiology of neural
damage. These small CD20-positive B-cell clones may cause clinical manifestations without massive
clonal expansion, but through other immune-mediated mechanisms such as immunoglobulin

deposition.

The MYD88 L265P mutation, present in around 50% of IgM MGUS patients, is known to carry a five-
fold increased risk of progression to WM (Varettoni et al 2013). Current hypotheses propose that

MYD88 L265P acts as a driver mutation to facilitate a ‘multi-hit’ phenomenon leading to progression



from IgM MGUS to WM (Treon and Hunter 2013). Despite the presence of the MYD88 L265P
mutation in all 5 of our patients with abnormal small B-cell clones, none have shown malignant
progression thus far. The significance of MYD88 positivity in our cohort is therefore unclear;
although phenotypically similar to WM cells, the B-cell clones we describe are distinct from MGUS,
appear to be less proliferative and may not seed extramedullary sites. It is possible that the MYD88
L265P mutation has a functional impact in these cells, leading to their persistence, but in the
absence of additive mutations, evolution to full-blown lymphoma does not occur. Longer-term

follow-up would be required to establish this hypothesis.

The Second International Workshop on Waldenstrom’s macroglobulinaemia classification (Owen et
al 2012) describes patients with symptomatic IgM monoclonal gammopathy and no overt evidence
of lymphoma as “IgM-related disorders”, a group clinically distinct from WM and IgM MGUS.
Furthermore, the more recently described “monoclonal gammopathy of clinical significance” (MGCS)
highlights the need for clinicians to actively seek out symptomatic MGUS to instigate relevant
treatment (Fermand et al 2018). Svahn et al (2018) noted that IVIG was more often chosen over
rituximab as first-line treatment for patients with MGUS-associated PN compared to those with
‘malignant haemopathies’. By identifying CD20-positive clones, MFC may aid personalisation of

treatment and avoid the use of potentially ineffective treatments such as IVIG.

To conclude, we posit that MFC may be useful in patients with IgM-related disorders and MGCS,
such as IgM paraprotein-associated PN, to help identify those who may benefit from targeted
immunomodulatory therapy. Serial use of MFC following treatment may also enable a more detailed
assessment of response in this low burden setting, as the significance of anti-MAG antibody titres
post-treatment remains controversial (Léger et al 2013). A comparison of the biology of these
MYD88 L265P positive small B-cell clones with that of WM-derived B-cells may further inform our

understanding of both conditions and aid their effective management.



Figure 1. Flow chart outlining our cohort of IgM paraprotein-associated peripheral neuropathy

patients
Patients referred to tertiary Neurohaematology service
Jan 2018 to May 2018 (n = 98)
Y
IgM paraproteinaemia and neuropathy* (n = 66)
v
BM biopsy with B-cell MFC performed (n = 20)
v
Overt malignancy on BM
Yes No
' | ! !
WM lgM myeloma Small abnormal No B-cell clones
(n=10) (h=1) B-cell clone detected
(n=5) (n=4)
All S have anti-MAG . 1 inflammatory
neuropathy with axonal neuropathy
MYD88-positive B-cell . 1 plexopathy
clones <3% cellularity *  2atypical
(See Table 1 for details) neuropathy of
uncertain aetiology

BM: bone marrow; B-cell MFC: B-cell multi-parameter flow cytometry, designed to detect small
lymphoma clones; WM: Waldenstrédm’s macroglobulinaemia; *'neuropathy inclusion: sensory
neuropathy, sensorimotor neuropathy, radiculopathy, plexopathy; *?neuropathy exclusion: central

nervous system manifestations, myopathy, parkinsonism, carpal tunnel syndrome.



Patient | Age/Sex | Previous | Duration of Pre-treatment | Paraprotein | Pre- MYD88 | Anti-MAG Flow cytometry Treatment | Response
therapy neuropathy isotype treatment | L265P antibodies
ONLS score (% Total cellularity)
symptoms when SPEP (g/L)
referred (years)
1 45/ F Steroids, | 2 3 IgM-kappa 4 Positive | Strong CD19+ CD10+ Lost to follow-up
IVIG positive CD23+ CD20+
small B-cell clone
(2.1%)
2 62/ F IVIG 2 n/a IgM-kappa 3 Positive | Positive * CD19+ CD10+ R (standard | Post-
CD20+ small regimen) x | treatment
1 ONLS=0
B-cell clone (0.75%)
3 50/ M None 4 4 IgM-kappa 6 Positive | Strong CD19+ CD5+ R (standard | Post-
positive CD79b+ CD20+ regimen) x | treatment
small B-cell clone 1 ONLS =3
(0.12%)
4 78/ M IVIG 4 5 IgM-kappa <3 Positive | Positive * CD 19+ CD23+ R (standard | Slowed

CD20+ small

regimen) x

progression

of




B-cell clone (1.15%) | 2, symptoms
R (low-dose
regimen) x
3
62/ M None 13 3 IgM-kappa 1.4 Positive | Strong CD19+ CD79b+ slg+ | R (standard | Post-
positive CD20+ small B-cell | regimen)x | treatment
clone (2.47%) 2 ONLS =2

Table 1. Summary of patient characteristics, results and response following rituximab treatment

IVIG: intravenous immunoglobulin; SPEP: serum protein electrophoresis, anti-MAG antibodies: anti-myelin associated glycoprotein antibodies; ONLS:
overall neuropathy limitations scale (neuropathy score ranging from no limitations of function at 0 and loss of all purposeful movements in the arms and
legs at 12); n/a: not available; *: titre not available R: rituximab; R (standard regimen) x 1: 1 course of 4-weekly 375mg/m? R; R (low-dose regimen): R

100mg/m? three-monthly
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