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Summary of key recommendations

Diagnosis, staging, prognostication and monitoring

1 Sequential monitoring of immunoglobulin (Ig)M should

be performed in a single laboratory using a single meth-

odology (Grade A1).

2 The value of serum free light chain (SFLC) and

HevyliteTM chain (HLC) assays have not been established

and are not essential for the routine assessment of

Waldenstr€om macroglobulinaemia (WM) patients

(Grade C2).

3 Anti-myelin-associated glycoprotein (MAG) serology

and nerve conduction studies are recommended in

patients with symptomatic peripheral neuropathy

(Grade A1).

4 Screening for hepatitis B and C viruses (HBV, HCV) is

required prior to the introduction of rituximab-contain-

ing treatments (Grade A1).

5 Bone marrow aspirate and trephine biopsy assessment,

along with appropriate immunophenotypic studies,

are required for a definitive diagnosis of WM (Grade

A1).

6 In accordance with national guidance on diagnosis in

haematological malignancies, all cases should be subject

to formal central review (Grade A1).

7 Cytogenetic analysis is not required for the routine diag-

nostic assessment of WM patients (Grade B1).

8 Further evaluation of the prognostic significance of del

(6q) and deletion of TP53 are required, ideally in the

context of prospective clinical trials (Grade B2).

9 Baseline computerized tomography (CT) scans (chest,

abdomen, pelvis) are recommended in all symptomatic

patients prior to the commencement of chemotherapy

(Grade B1).

10 The value of fluoro-deoxyglucose positron emission

tomography (FDG-PET) remains to be determined and

is not recommended outside of a clinical trial (Grade

C2).

11 Although there is emerging evidence for familial cluster-

ing in WM the absolute level of risk for first-degree rela-

tives appears to be low and, in the absence of obvious

clinical benefit, systematic screening of family members

is not indicated (Grade B1).

12 Tissue biopsy is recommended in all patients with sus-

pected histological transformation. Detailed pathological

assessment should include assessment of Epstein-Barr

virus (EBV) by immunohistochemistry and/or in situ

hybridization (Grade A1).

13 The international prognostic scoring system for WM

(ISSWM) should be recorded in all patients at presenta-

tion (Grade A1) but there is no evidence to support its

use in determining treatment approaches for individual

patients (Grade B1).

14 Treatment responses should be defined using the uni-

form response criteria (Grade A1).

15 Assessment of SFLC and HLC are not routinely required

in the assessment of response (Grade C2).

16 Repeat bone marrow aspirate and trephine biopsies are

encouraged to refine response assessment in individual

patients (Grade A1).
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Treatment at diagnosis

1 Patients with symptomatic WM should receive a

rituximab-containing regimen (Grade A1). Appropriate

regimens include dexamethasone + rituximab + cyclo-

phosphamide (DRC), bendamustine + rituximab (BR),

fludarabine + rituximab (FR), fludarabine + cyclophos-

phamide + rituximab (FCR) and cladribine + rituximab

(Clad-R). The choice of regimen in individual patients

will take into consideration performance status, clinical

features including renal function, co-morbidities and

potential candidacy for stem cell transplantation (SCT)

(Grade B1).

2 Given the risk of IgM flare, careful monitoring of all

patients receiving rituximab is required with monitoring

of sequential IgM, clinical assessment for hyperviscosity

(HVS) and monitoring of plasma viscosity (PV) if

available (Grade A1). The introduction of rituximab

should be deferred in patients considered at a higher

risk of HVS, this being arbitrarily defined by an IgM

M-protein >40 g/l and/or a PV >4 centipoise (cP)

(Grade C1).

3 Rituximab + cyclophosphamide + doxorubicin + vincris-

tine + prednisolone (CHOP-R) should not be used as

primary therapy in WM (Grade B1).

4 Chlorambucil remains suitable therapy in elderly frail

patients (Grade B1).

5 The use of bortezomib is not routinely recommended as

primary therapy outside the context of a clinical trial

(Grade B2).

6 There is insufficient evidence to support the use of

maintenance rituximab (Grade C2).

Treatment at relapse

1 Repeat bone marrow aspirate and trephine assessment

and CT scanning should be performed prior to the rein-

troduction of treatment (Grade B1).

2 Patients who remain asymptomatic despite serological

evidence of progression can be observed until clinical

symptoms occur (Grade A1).

3 Patients should receive a rituximab-containing regimen if

CD20 expression is documented. Appropriate regimens

include FR, FCR, Clad-R, BR and DRC. The choice of

regimen in individual patients will take into consideration

performance status, clinical features including renal func-

tion, co-morbidities and potential candidacy for SCT

(Grade B1).

4 Retreatment with primary therapy may be appropriate in

some patients (Grade B1).

5 Bortezomib-containing regimens are suitable in the

relapse setting. Weekly regimens are preferable, given the

neurological toxicity associated with the biweekly sched-

ules. Prophylaxis against herpes zoster reactivation is

recommended (Grade B1).

6 Alemtuzumab is a potential option in refractory disease

(Grade B1). Surveillance for cytomegalovirus (CMV) reac-

tivation is recommended.

Treatment for histological transformation

1 A diagnosis of transformation requires histological confir-

mation (Grade A1).

2 Patients who are suitable for intensive therapy should

receive regimens currently employed for primary diffuse

large B-cell lymphoma (DLBCL) (Grade B1).

3 Younger responding patients are candidates for a stem cell

transplant (SCT) procedure and should be discussed with

a transplant centre (Grade B2).

Haemopoietic SCT

1 Autologous SCT is a feasible therapeutic option for

relapsed WM in younger, fitter patients with aggressive

disease [short progression-free survival (PFS), histological

transformation] (Grade B2).

2 Allogeneic SCT may be considered in selected younger

patients with relapsed WM and an aggressive clinical

course (short PFS, histological transformation) (Grade B2).

3 Autologous and allogeneic SCT should only be performed

in the setting of chemosensitive disease with at least a

partial response to reinduction therapy (Grade A1).

Hyperviscosity syndrome

1 Plasma exchange is recommended for all patients with

HVS irrespective of PV (Grade A1).

2 As per previous guidance 1–2 procedures, exchanging

1–1�5 calculated plasma volumes, is advised (Grade A1).

3 Plasma exchange may be indicated in certain asymptomatic

individuals depending on the clinical circumstances,

recorded plasma viscosities and co-morbidities (Grade C2).

IgM-related neuropathy

1 Neurological examination should be performed in all

patients with IgM paraproteins (Grade A1).

2 Collaborative working with a neurologist is encouraged.

Anti-MAG serology and nerve conduction studies are rec-

ommended in patients with symptomatic peripheral neu-

ropathy (Grade A1).

3 Chemotherapeutic intervention should be considered in

patients with disabling or rapidly progressive anti-MAG

neuropathy (Grade B1).

4 If chemotherapy is considered appropriate, a rituximab-

containing regimen is appropriate with the final choice of

regimen being determined by factors such as performance

status, co-morbidities and renal function (Grade B1).
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Cold haemagglutinin disease (CHAD) and
cryoglobulinaemia

1 Rituximab-based therapy is recommended for patients

with symptomatic CHAD. The addition of fludarabine

should be considered for patients with adequate perfor-

mance status and renal function (Grade B1).

2 Cryoglobulinaemia should be considered in patients with

IgM monoclonal gammopathy and unexplained purpura,

arthralgia, haematuria or peripheral neuropathy (Grade

A1).

3 Patients with cryoglobulinaemia should be screened for

HCV infection (Grade A1).

4 Patients with symptomatic cryoglobulinaemia may

be treated with corticosteroids and rituximab (Grade

B1).

5 Patients with symptomatic cryoglobulinaemia and

overt WM can be treated with standard therapies (Grade

B1).

Supportive care

1 Antimicrobial prophylaxis should be considered for

patients with hypogammaglobulinaemia who develop

recurrent bacterial infections (Grade B1).

2 Immunoglobulin replacement therapy should be accord-

ing to UK Department of Health clinical guidelines

(Grade B1).

3 Anti-Pneumocystis jirovecii prophylaxis is recommended

in patients requiring intensive and/or immunosuppres-

sive treatment (Grade B1).

4 Anti-herpes simplex virus (HSV) and –herpes zoster

virus (HZV) prophylaxis is recommended in patients

requiring intensive, immunosuppressive or bortezomib-

based therapy (Grade B1).

5 Pneumocystis and herpes prophylaxis is not routinely

required in patients treated with alkylating agents or

bendamustine (Grade B2).

6 The duration of anti-pneumocystis and herpes prophy-

laxis is controversial. Recommendations range from a

minimum of 2 months post-therapy to awaiting a rise in

CD4 count to 0�2 9 109/l (Grade C2).

7 Vaccination against Streptococcus pneumoniae (using a

conjugate vaccine) and Haemophilus influenzae type B is

encouraged at diagnosis although there is a lack of ran-

domized trials to support vaccination. Patients who

respond to vaccination and subsequently develop recur-

rent bacterial infections should be revaccinated if

S. pneumoniae and Haemophilus influenzae type b

(HIB) antibody levels have fallen (Grade C1).

8 Annual vaccination against seasonal influenza including

novel strains is recommended (Grade C1).

9 Live vaccines, such as polio, H. zoster and yellow fever,

should be avoided (Grade A1).

10 Vaccinations should be avoided, if possible, 2 weeks

prior to, during and for 6 months after chemo-immuno-

therapy (Grade B1).

1. Methodology

The guideline group was selected to be representative of UK

experts in Waldenstr€om macroglobulinaemia (WM). Recom-

mendations are based on the systematic review of published

English language literature up to July 2013 and including data

presented in abstract form at the 2012 American Society of

Hematology meeting. The writing group produced a draft

guideline, which was reviewed and revised by members of the

Haemato-Oncology Task Force of the British Committee for

Standards in Haematology (BCSH). The guideline was further

reviewed by a sounding board of approximately 50 UK haema-

tologists and BCSH and the British Society for Haematology

Committee and further consensus amendments were made.

These guidelines have been prepared using the GRADE

(Grading of Recommendations Assessment, Development

and Evaluation) nomenclature for assessing the quality of

evidence and providing strength of recommendations (http://

www.gradeworkinggroup.org/index.htm).

2. Introduction

Waldenstr€om macroglobulinaemia is a distinct B-cell lym-

phoproliferative disorder characterized by an immunoglobu-

lin (Ig)M monoclonal gammopathy and bone marrow

infiltration by lymphoplasmacytic lymphoma (LPL) (Owen

et al, 2003). Clinical features are diverse and may relate to

overall disease burden, such as peripheral blood cytopenias,

organomegaly and constitutional symptoms, or may be

directly attributable to the IgM paraprotein. The latter

include hyperviscosity syndrome (HVS) and amyloidosis, as

well as features attributable to autoantibody specificity, such

as peripheral neuropathy, cold haemagglutinin disease

(CHAD) and acquired von Willebrand disease (Treon, 2009).

Treatment approaches have traditionally involved the use

of alkylating agents and purine analogues, often as single

agents. However emerging new data on monoclonal antibody

combinations as well as on novel therapies including bort-

ezomib have led to a re-evaluation of the BCSH guidelines

published in 2006 (Johnson et al, 2006).

A precursor condition IgM monoclonal gammopathy of

undetermined significance (MGUS) is defined by having all

of the following criteria (i) the presence of an IgM parapro-

tein of <30 g/l (ii) no evidence of underlying bone marrow

infiltration and (iii) absence of signs or symptoms related to

WM itself (Table I). The rate of transformation for an indi-

vidual with IgM MGUS to WM is approximately 1–2% per

year (Kyle et al, 2003a) The term IgM-related disorders

denotes the presence of clinical features attributable to the
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IgM paraprotein but the absence of marrow infiltration

(Owen et al, 2003).

3. Epidemiology

Waldenstr€om macroglobulinaemia is relatively rare with an

age standardized incidence rate of 0�55 per 100 000 per year

in the UK. There is a male predominance and the incidence

appears to be lower in non-Caucasians (Herrinton & Weiss,

1993; Phekoo et al, 2008). WM is typically a disease of the

elderly with a median age at presentation of >70 years and

an overall median survival of approximately 60 months

(Owen et al, 2001a; Phekoo et al, 2008). New epidemiologi-

cal data have emerged since the last guidance and these have

demonstrated an increased risk of WM with a personal or

family history of a wide range of autoimmune, inflammatory

and infective disorders. This association was particularly

strong for Sjogren syndrome and autoimmune haemolytic

anaemia, suggesting the potential for a shared susceptibility

for these disorders and WM (Koshiol et al, 2008; Kristinsson

et al, 2010a). Further data have also demonstrated an

increased risk of WM and other B-cell disorders amongst rel-

atives of patients with WM (Treon et al, 2006; Kristinsson

et al, 2008). In a detailed population-based assessment in

Sweden, the estimated relative risk for a first-degree relative

of a patient with WM developing WM, MGUS, non-Hodgkin

lymphoma or chronic lymphocytic leukaemia (CLL) was

20�0, 5�0, 3�0 and 3�4 respectively (Kristinsson et al, 2008).

Recommendation

1 Although there is emerging evidence for familial clus-

tering in WM, the absolute level of risk for first-degree

relatives remains low and, in the absence of obvious

clinical need, systematic screening of family members is

not indicated (Grade B1).

4. Investigation and diagnosis

4.1. Laboratory assessment

A list of useful laboratory investigations for patients with

suspected or established WM is provided in Table II but

tests for neuropathy, cryoglobulin and cold agglutinins

should be tailored to the clinical scenario. IgM paraproteins

should be demonstrated by serum protein electrophoresis

and quantitated by densitometry. Assessment of total IgM

concentration by nephelometry is a viable alternative to den-

sitometric assessment of paraprotein concentration, although

it is important to recognize that the former provides system-

atically higher values (Riches et al, 1991; Murray et al,

2009). Concentrations of IgG and IgA should also be deter-

mined at diagnosis and at regular intervals during follow up

(Hunter et al, 2010). It is essential that the sequential assess-

ment of paraprotein concentration be performed by the

same method within the same laboratory (Owen et al,

2013).

The serum free light chain (SFLC) assay has been evalu-

ated by a number of investigators. Approximately 80% of

patients have elevated levels of involved free light chain but

the median values reported are relatively low at 48�6–
103�5 mg/l and its prognostic significance has not been for-

mally established (Itzykson et al, 2008; Leleu et al, 2008,

2011a,b). A further assay [HevyliteTM chain assay (HLC)],

which allows the quantification of IgM kappa and IgM

lambda has recently been developed and is based upon the

unique junctional epitopes that exist between heavy and light

chains; initial reports have suggested a potential role in WM

(Leleu et al, 2011a). The routine applicability of these assays

in WM has not yet been fully established.

The formal measurement of plasma viscosity (PV) is a

useful adjunct in the assessment of WM patients, particularly

those with high concentrations of paraprotein. It is however

recognized that this assay is not routinely available in all UK

laboratories and that the diagnosis of HVS remains a clinical

one. Patients with symptomatic neuropathy should be

assessed for anti-myelin-associated glycoprotein (MAG)

antibodies and undergo nerve conduction studies.

Table I. Classification of IgM monoclonal gammopathies.

IgM paraprotein BM infiltration Symptoms

MGUS Yes No No

Asymptomatic WM Yes Yes No

Symptomatic WM Yes Yes Yes

IgM-related

disorder

Yes No Yes

MGUS, monoclonal gammopathy of undetermined significance;

WM, Waldenstr€om macroglobulinaemia; IgM, immunoglobulin M.

Table II. Useful investigations in patients with suspected or estab-

lished WM.

Full blood count*

Plasma viscosity

Serum protein electrophoresis and immunofixation

Quantification of IgM paraprotein by densitometry

Quantification of IgG and IgA

Urea and creatinine

Liver function tests

Lactate dehydrogenase

Beta2 microglobulin

Direct antiglobulin test

Hepatitis B and C status

Anti-myelin-associated glycoprotein titre

Nerve conduction studies

Cold agglutinins

Cryoglobulins

*Flow cytometry is suggested in those patients with a lymphocytosis

to confirm peripheral blood involvement.
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Chemo-immunotherapy regimens containing rituximab can

result in reactivation of hepatitis B virus (HBV) and/or hepa-

titis C virus (HCV) infection. All patients should therefore

be screened for evidence of previous HBV or HCV infection

prior to the initiation of therapy. Patients positive for hepati-

tis B surface antigen, hepatitis B core antibody or hepatitis C

antibody may require antiviral treatment and should be

managed jointly with a specialist in viral hepatitis.

Recommendations

1 Sequential monitoring of IgM should be performed in a

single laboratory using a single methodology (Grade A1).

2 The value of serum free light chain (SFLC) and Hevy-

liteTM chain (HLC) assays have not been established and

are not essential for the routine assessment of WM

patients (Grade C2).

3 Anti-MAG serology and nerve conduction studies are

recommended in patients with symptomatic peripheral

neuropathy (Grade A1).

4 Screening for HBV and HCV is required prior to the

introduction of rituximab-containing treatments (Grade

A1).

4.2. Bone marrow assessment

Central to the diagnosis of WM is the demonstration of

marrow infiltration by LPL. Bone marrow assessment should

be performed in all symptomatic patients. Its value in the

assessment of asymptomatic individuals with an IgM para-

protein is not established but an arbitrary IgM monoclonal

protein threshold of 10 g/l has been proposed in some guide-

lines (Bird et al, 2009). Bone marrow examination should

however be considered at lower IgM concentrations if the

patient has cytopenias, lymphadenopathy or splenomegaly or

if the patient is suspected of having an IgM-related

syndrome, such as peripheral neuropathy, CHAD or AL

amyloidosis.

The presence of an IgM paraprotein is not indicative of a

diagnosis of WM as this is demonstrable in a proportion of

patients with virtually all of the B-cell lymphoproliferative

disorders (Kyle & Garton, 1987; Owen et al, 2000; Lin et al,

2005) and hence detailed morphological and immunopheno-

typic assessment are required if a definitive diagnosis of WM

is to be made. It is good practice to perform a trephine

biopsy in addition to bone marrow aspirate cytology to more

accurately assess the degree and pattern of infiltration. LPL is

a lymphoproliferative disorder comprised of small lympho-

cytes in which there is morphological evidence of plasma cell

differentiation. This phenomenon is most readily appreciated

on trephine biopsy sections and can be definitively demon-

strated by immunohistochemistry using plasma cell-specific

antibodies such as CD138 and MUM1/IRF4. The pattern of

infiltration is typically interstitial, nodular or diffuse whilst a

purely paratrabecular pattern is unusual. Additional morpho-

logical clues can be obtained from the trephine biopsy sec-

tions and these include the presence of reactive mast cells

(readily seen on sections assessed with Giemsa stain or high-

lighted with CD117 or mast cell tryptase immunohistochem-

istry) and intranuclear and cytoplasmic immunoglobulin

inclusions, termed Dutcher and Russell bodies, respectively.

The overall extent of plasma cell differentiation varies con-

siderably from patient to patient and it appears that this is

the major determinant of paraprotein concentration rather

than the overall extent of marrow infiltration (Pasricha et al,

2011; de Tute et al, 2013). In a significant minority (20%) of

cases the degree of plasma cell differentiation may be such

that plasma cells are the predominant cell type and IgM

myeloma becomes part of the differential diagnosis (Morice

et al, 2009).

Immunophenotypic studies are necessary for a definitive

diagnosis of WM and this may be achieved using either flow

cytometry or immunohistochemistry, although the former

allows for a more extensive assessment of antigenic determi-

nants. In WM it is generally possible to demonstrate both

monotypic B cells and monotypic plasma cells but extended

phenotyping is usually only performed on the B-cell compo-

nent (Owen et al, 2001a; Ocio et al, 2005; Morice et al,

2009). This component of the disease shows almost univer-

sal expression of the pan B-cell antigens CD19, CD20,

CD79a and CD79b while CD5 and CD23 are expressed in a

minority of cases only. The germinal centre-associated anti-

gens CD10 and BCL6 are not demonstrable but most cases

show expression of the memory B-cell marker CD27 as well

as CD52. Distinguishing WM from marginal zone lym-

phoma (MZL) can be difficult although the expression pat-

terns of CD22, CD25 and CD103 may be helpful, as WM

may show a CD25+ CD22 weak CD103� pattern whilst

MZL may be CD22+ CD25� and CD103+ (Owen et al,

2001a; Ocio et al, 2005; Morice et al, 2009; Paiva et al,

2014).

There are limited data on plasma cell immunophenotyping

in WM but the published data suggest that the antigenic pat-

terns seen in myeloma plasma cells (CD19� CD45� CD56+)

are not seen in WM plasma cells; (San Miguel et al, 2003;

Ocio et al, 2005; Morice et al, 2009; Paiva et al, 2014). This

can be useful in those cases of WM in which plasma cells

predominate and plasma cell phenotyping should allow a

definitive distinction between WM and the rare entity of

IgM myeloma (Feyler et al, 2008).

Recommendations

1 Bone marrow aspirate and trephine biopsy assessment

along with appropriate immunophenotypic studies are

required for a definitive diagnosis of WM (Grade A1).

2 In accordance with national guidance on diagnosis in

haematological malignancies, all cases should be subject

to formal central review (Grade A1).
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4.3. Cytogenetic analysis

Conventional karyotyping has limited applicability in WM as

it is difficult to obtain tumour metaphases because of the

low rate of cell proliferation. There are no disease-defining

cytogenetic abnormalities but translocations involving the

immunoglobulin heavy chain locus (IGH) at 14q32 are char-

acteristically rare (Schop et al, 2002; Avet-Loiseau et al, 2003;

Ackroyd et al, 2005; Nguyen-Khac et al, 2013). This is of

course in contrast to IgM myeloma which is characterized by

a high incidence of IGH translocations and t(11;14) in par-

ticular (Avet-Loiseau et al, 2003; Feyler et al, 2008). Deletion

of chromosome 6q appears to be the commonest cytogenetic

abnormality in WM, occurring in up to 50% of patients; it

may be associated with adverse clinical and laboratory

parameters but its effect on survival remains unclear (Schop

et al, 2002; Ocio et al, 2007; Nguyen-Khac et al, 2013). Dele-

tion of TP53 occurs in a minority of patients and appears to

define patients with a poor outcome (Nguyen-Khac et al,

2013).

Recent insights into the pathogenesis of WM have been

provided by whole genome sequencing, which has demon-

strated a single point mutation in the myeloid differentiation

primary response gene (MYD88) in 90% of patients (Treon

et al, 2012). This mutation results in a leucine to proline

amino acid substitution at position 265 (L265P). Recent

studies have also highlighted the potential utility of screening

for the L265P mutation in the routine diagnostic setting

(Gachard et al, 2013; Varettoni et al, 2013; Xu et al, 2013).

In this context it seems most useful in the differential diag-

nosis of WM from MZL.

Recommendation

1 Cytogenetic analysis is not required for the routine

diagnostic assessment of WM patients (Grade B1).

2 Further evaluation of the prognostic significance of del

(6q) and deletion of TP53 are required, ideally in the

context of prospective clinical trials (Grade B2).

4.4. Imaging

Lymphadenopathy and splenomegaly are relatively infrequent

in patients with WM, being reported in approximately 15%

of patients (Treon, 2009). Baseline computerized tomography

(CT) imaging would generally be regarded as standard prac-

tice in symptomatic patients prior to commencing therapy.

There are limited data on the utility of fluoro-deoxyglucose

positron emission tomography (FDG-PET) scanning in WM.

A single study (Banwait et al, 2011) has demonstrated that

this is informative in 80% of patients but there is no con-

vincing rationale for routine use and further prospective

study is required. FDG-PET imaging may have a role in the

assessment of patients with suspected histological transforma-

tion (see below).

Recommendation

1 Baseline CT scans (chest, abdomen, pelvis) are recom-

mended in all symptomatic patients prior to the com-

mencement of chemotherapy (Grade B1).

2 The value FDG-PET remains to be determined and is

not recommended outside a clinical trial (Grade C2).

Histological transformation

Histological transformation, primarily to diffuse large B-cell

lymphoma (DLBCL), is a well recognized phenomenon

which has been reported to occur in 5–10% of patients with

WM (Facon et al, 1993; Leblond et al, 1998, 2001, 2013;

Garcia-Sanz et al, 2001; Owen et al, 2001a; Lin et al, 2003).

Clinical features suggestive of histological transformation

include bulky and rapidly enlarging lymph node masses,

extranodal disease and marked elevation in serum lactate

dehydrogenase. Tissue biopsy is essential for a diagnosis of

histological transformation and may be directed by PET/CT

scanning as has been described in CLL (Bruzzi et al, 2006).

The pathobiological events underlying histological transfor-

mation events are poorly characterized but recent studies have

highlighted a potential role for the purine analogues (Leleu

et al, 2009). Histological transformation events have been

thought traditionally to occur within the original B-cell clone

as a consequence of the acquisition of additional genetic

events. Recent data however have demonstrated the poten-

tially diverse nature of later events and in particular the role

of Epstein-Barr virus (EBV). These latter events include EBV-

positive but clonally unrelated DLBCL and spontaneously

resolving EBV-positive mucocutaneous ulcer (Varghese et al,

2008; Owen et al, 2011). These latter disorders should not be

considered as transformation events per se as they appear to

be clonally unrelated to the WM and occur as a consequence

of disease and treatment-related immunosuppression.

Recommendation

1 Tissue biopsy is recommended in all patients with sus-

pected histological transformation. Detailed pathologi-

cal assessment should include assessment of EBV by

immunohistochemistry and/or in situ hybridization

(Grade A1).

6. Prognostic assessment

The international prognostic scoring system for WM

(ISSWM) is based on the assessment of five key adverse

prognostic features namely age >65 years, haemoglobin

concentration ≤115 g/l, platelet count ≤100 9 109/l, b2-
microglobulin >3 mg/l and paraprotein concentration >70 g/

l. Low risk disease is defined by 0–1 adverse features exclud-

ing age, intermediate risk by two adverse factors or age while
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high-risk is defined by >2 adverse features. These risk catego-

ries each comprise approximately 1/3 of patients and are

associated with 5-year survival rates of 87%, 68% and 36%

respectively (Morel et al, 2009). There is international con-

sensus that this should be recorded in clinical trials but there

is no evidence that it should influence treatment decisions

for individual patients.

Recommendation

1 The ISSWM should be recorded in all patients at pre-

sentation (Grade A1) but there is no evidence to sup-

port its use in determining treatment approaches for

individual patients (Grade B1).

7. Response assessment

Uniform treatment response criteria have been developed

and recently updated with the primary aim of facilitating

comparison of clinical trial results (Owen et al, 2013). The

response categories defined by these criteria can be used in

the routine clinical setting and the quality of response does

appear to affect outcome (Gertz et al, 2009; Treon et al,

2011a). However in the management of individual patients it

should be recognized that clinical benefit may be seen in

some patients without a significant IgM response and, simi-

larly, that reductions in IgM are not always associated with

symptomatic improvement.

The SFLC assay appears to be informative in the majority

of patients and may provide an earlier indication of both

response and progression (Itzykson et al, 2008; Leleu et al,

2008, 2011b). The HLC assay may also have a potential role

in WM response assessment (Leleu et al, 2011a). These assays

have not however been included in the uniform response cri-

teria and their routine use cannot be recommended at this

stage, without further prospective evaluation.

Assessing response prospectively for individual patients

can be challenging. It is well known that IgM responses can

be slow with alkylators, purine analogues and monoclonal

antibodies and that these agents selectively deplete the

CD20+ B-cell component with sparing of the CD138+ plasma

cell component of the disease (Varghese et al, 2009; Barakat

et al, 2011). In this context it is possible to demonstrate sig-

nificant B-cell depletion in the marrow but suboptimal IgM

responses, with satisfactory IgM responses being subsequently

achieved in the majority of patients. Hence, IgM levels that

do not fall for many months into treatment may not neces-

sarily indicate treatment failure and a bone marrow assess-

ment is recommended to assess response. Conversely,

bortezomib-containing regimens may demonstrate excellent

IgM responses but suboptimal bone marrow responses

(Treon et al, 2007).

Repeat marrow assessments can provide significant value

in the management of individual patients. In order to make

a detailed assessment of residual infiltrates it is recognized

that both bone marrow aspirate and trephine biopsies should

be obtained and that these should be routinely supplemented

by flow cytometric and immunohistochemistry studies.

Attempts should be made to characterize residual infiltrates

with respect to their B-cell and plasma cell content and

immunohistochemical assessment of trephine biopsy sections

provides the optimal method. CD138 and/or IRF4 may be

used to demonstrate residual plasma cells while CD20 may

be used to define residual B-cell infiltration although addi-

tional markers, such as PAX5, may be necessary in ritux-

imab-treated patients due to the loss of antigen expression

that is sometimes seen in post-treatment specimens (Vargh-

ese et al, 2009; Barakat et al, 2011).

In view of the heterogeneity of clinical response patterns

noted in WM, serial bone marrow assessment is encouraged

for all patients enrolled in clinical trials, irrespective of their

IgM response.

Recommendation

1 Treatment responses should be defined using the uni-

form response criteria (Grade A1).

2 Assessment of SFLC and HLC are not routinely

required in the assessment of response (Grade C2).

3 Repeat bone marrow aspirate and trephine biopsies are

encouraged to refine response assessment in individual

patients (Grade A1).

8. Therapy for Waldenstr€om
macroglobulinaemia

8.1. Indications for therapy

A significant proportion of WM patients are asymptomatic

at presentation and can be safely observed at 3–6 monthly

intervals. The risk of progression to symptomatic disease is

59% at 5 years (Kyle et al, 2012). The indications for the

introduction of treatment are unchanged from the previous

guidance (Johnson et al, 2006) and include constitutional

symptoms, symptomatic lymphadenopathy or splenomegaly,

HVS, haematological suppression due to marrow infiltration

and IgM-related syndromes, such peripheral neuropathy and

CHAD (Kyle et al, 2003b).

8.2. Choice of primary therapy in symptomatic individuals

Developing evidence-based treatment algorithms in WM is

hindered by a lack of randomized data. The majority of pub-

lished studies are non-randomized, often single institution-

based, phase II studies that typically include both de novo

and relapsed patients. Patients with WM are usually elderly

and often have multiple co-morbidities and functional impair-

ments. The use of risk assessments, such as comprehensive
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geriatric assessments, is being increasingly recommended in

haematological malignancies in the elderly to provide guid-

ance when deciding on the appropriate treatment regimen

and in identifying support needs. Dose reductions to avoid

toxicity should be considered, particularly with the first

course of treatment, with potential to increase the dose if

well tolerated in some patients. Severely frail patients with a

very poor performance status are unlikely to benefit from

treatment.

The role of rituximab in the primary therapy of WM has

not been formally established in dedicated randomized con-

trolled trials. There is however extensive literature of single

agent activity with response rates of up to 50% being

reported (Byrd et al, 1999; Foran et al, 2000; Treon et al,

2001, 2005; Dimopoulos et al, 2002; Gertz et al, 2004). The

addition of rituximab has, of course, produced considerable

benefit in DLBCL, follicular lymphoma, CLL and mantle cell

lymphoma (Coiffier et al, 2002; Marcus et al, 2008; Hallek

et al, 2010; Griffiths et al, 2011). Subgroup analysis of a larger

German study suggested that CHOP-R (rituximab + cyclo-

phosphamide + doxorubicin + vincristine + prednisolone) was

superior to CHOP (cyclophosphamide + doxorubicin + vin-

cristine + prednisolone) in LPL and WM in terms of overall

response rate (ORR) and time to treatment failure (Buske

et al, 2009) while single centre experience from the US

suggests an improvement in overall survival (OS) since the

introduction of rituximab-based therapies (Thomas et al,

2012). Rituximab is generally well tolerated but can be asso-

ciated with a paradoxical rise in IgM, the so-called ‘IgM

flare’ phenomenon. Studies of single agent rituximab have

suggested that 26% of patients have a ≥ 25% increase in IgM

levels and that this can rarely result in hyperviscosity and

exacerbation of clinical symptoms (Dimopoulos et al, 2002;

Ghobrial et al, 2004). The risk of IgM flare is likely to be

lower with combination therapy. IgM flare cannot be

predicted by presenting IgM concentration but clinically

significant sequelae are more likely at higher starting values.

There is therefore an argument for deferring the introduction

of rituximab and this seems most relevant to those with

higher presenting IgM and/or PV.

In the previous guidelines treatment with alkylating agents

and purine analogues were considered appropriate primary

therapy options (Johnson et al, 2006). The recently com-

pleted phase III multicentre European study comparing

chlorambucil and fludarabine has, however, shown the latter

to be superior in terms of response rates, progression-free

survival (PFS) and OS (Leblond et al, 2013). Similarly, single

agent fludarabine appeared to be superior to a CHOP-like

anthracycline-containing regimen (CAP; cyclophospha-

mide + doxorubicin + prednisone) in patients with relapsed

disease (Leblond et al, 2001).

Rituximab combinations have been studied in WM

cohorts although randomized data are lacking. Treon and

colleagues demonstrated a major response rate [MRR; com-

plete response (CR) + partial response (PR)] of 86% and

median time to progression of 51 months with fludarabine

and rituximab (FR) (Treon et al, 2009a). Similarly, Tedeschi

et al (2012) reported a MRR of 74% with the FCR (FR + rit-

uximab) combination. Cladribine combinations also appear

efficacious in WM. For instance, a MRR of 79% has recently

been reported with the cladribine-rituximab (Clad-R) regi-

men (Laszlo et al, 2010). In this study the median time to

treatment failure was not reached with a median follow up

of 34 months (Laszlo et al, 2010). It is also clear that high

quality remissions are seen in a significant minority of

patients, as the CR rate was 19% with FCR and 24% with

Clad-R.

Despite the reported efficacy of the purine analogue com-

binations, doubts remain regarding their overall suitability

in certain patients. There are concerns regarding their suit-

ability in patients who may be potential candidates for

autologous transplantation whilst concerns regarding myelo-

toxicity and infection are pertinent in elderly patients, par-

ticularly those with suboptimal renal function. For instance,

44% of patients had persistent neutropenia with the FCR

regimen whilst ≥grade 3 neutropenia was demonstrated in

63% of patients treated with FR (Treon et al, 2009a; Tede-

schi et al, 2012). Concerns regarding the long-term risk of

histological transformation and myelodysplasia/acute mye-

loid leukaemia have also been raised by some authors (Leleu

et al, 2009).

Alternative rituximab-containing regimens may be more

appropriate in some patients. The DRC regimen, comprising

of dexamethasone, rituximab and cyclophosphamide, appears

a less toxic regimen with a reported MRR of 74% along with

a 2-year PFS of 67% with only 9% of patients experiencing

grade 3 neutropenia (Dimopoulos et al, 2007, 2012). Simi-

larly, the combination of bendamustine and rituximab (BR)

appears to be promising in WM. Rummel et al (2012) have

recently demonstrated an ORR of 86% amongst 116 patients

treated in an ongoing clinical trial. Similarly, the same group

suggested that the BR combination was superior to CHOP-R

with regards to CR rate, toxicity and response duration in

subgroup analysis of a large trial in indolent lymphoma

(Rummel et al, 2013).

Despite its widespread use, the role of CHOP with or

without rituximab is questionable. The randomized data

available would suggest inferiority to both fludarabine- and

bendamustine-based therapy. Similarly, there are concerns

regarding the neurotoxicity of vinca alkaloids in this patient

group. Single agent chlorambucil may still be suitable therapy

for very frail patients in whom combination therapy is con-

sidered inappropriate, as the MRR is approximately 40% and

the PFS 27 months (Leblond et al, 2013).

Bortezomib combinations have been evaluated as upfront

therapy in two relatively small phase II studies. Treon et al

(2009b) demonstrated a MRR of 83% with biweekly intrave-

nous bortezomib in conjunction with dexamethasone and

rituximab. Responses were rapid, occurring at a median of

1�4 months but treatment was discontinued because of
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neuropathy in 61% of patients. In a subsequent study, a

weekly bortezomib regimen in conjunction with rituximab

produced a MRR of 65% but no grade 3 or 4 neuropathy

(Ghobrial et al, 2010a). The durability of response remains

uncertain with these regimens and it is not clear whether

they provide advantages over more conventional rituximab-

containing chemotherapy regimes. A randomized compari-

son of FCR and a similar bortezomib-containing regimen

(BCR) using subcutaneous bortezomib is currently recruiting

in the UK.

Treon et al (2011b) also evaluated the role of maintenance

rituximab in WM patients and demonstrated improved PFS

(56�3 vs. 28�6 months) and OS (not reached versus

116 months). This was however a non-randomized study

and further confirmation should be forthcoming on the

completion of an on-going randomized trial (Rummel et al,

2012).

Recommendations

1 Patients with symptomatic WM should receive a ritux-

imab-containing regimen (Grade A1). Appropriate

regimens include dexamethasone + rituximab + cyclo-

phosphamide (DRC), bendamustine + rituximab (BR),

fludarabine + rituximab (FR), fludarabine + cyclophos-

phamide + rituximab (FCR) and cladribine + rituximab

(Clad-R). The choice of regimen in individual patients

will take into consideration performance status, clinical

features including renal function, co-morbidities and

potential candidacy for stem cell transplantation (SCT)

(Grade B1).

2 Given the risk of IgM flare, careful monitoring of all

patients receiving rituximab is required with monitor-

ing of sequential IgM, clinical assessment for HVS and

monitoring of PV if available (Grade A1). The introduc-

tion of rituximab should be deferred in patients consid-

ered at a higher risk of hyperviscosity, this being

arbitrarily defined by an IgM M-protein >40 g/l and/or

a PV >4 centipoise (cP) (Grade C1).

3 Rituximab + cyclophosphamide + doxorubicin + vincr-

istine + prednisolone (CHOP-R) should not be used as

primary therapy in WM (Grade B1).

4 Chlorambucil remains suitable therapy in elderly frail

patients (Grade B1).

5 The use of bortezomib is not routinely recommended

as primary therapy outside the context of a clinical trial

(Grade B2).

6 There is insufficient evidence to support the use of

maintenance rituximab (Grade C2).

8.3 Choice of therapy at relapse

The criteria for the reintroduction of treatment at relapse are

broadly similar to those used at presentation. Treatment

should only be introduced when clinical symptoms develop

and not at the time of progression, as defined by changes in

paraprotein concentration. A caveat would be the reintroduc-

tion of treatment in patients with previous HVS in whom

the symptomatic threshold is already known. Repeat bone

marrow assessment is generally recommended prior to each

therapy in order to determine the extent of marrow infiltra-

tion and reaffirm CD20 antigen expression, which may be

lost in patients previously treated with rituximab. Patients

with durable responses to their initial therapy may be

retreated with the same regimen and some authors suggest a

minimum response duration of 2 years in this context

(Ansell et al, 2010). The choice of regimen at relapse includes

regimens discussed in the primary therapy section. Decisions

around treatment at relapse will depend on patient wishes,

availability of clinical trials, duration of previous responses,

tolerability to previous treatment, performance status, co-

morbidities and potential for stem cell transplantation

(SCT).

Bortezomib has been studied by a number of investigators

in the relapsed setting. Initial studies evaluated bortezomib

as a single agent in the conventional biweekly intravenous

schedule and demonstrated a MRR of 44–60% but neuro-

toxicity was common. Additionally it was noted that some

patients demonstrated a discrepancy between their IgM and

lymph node/bone marrow responses (Dimopoulos et al,

2005; Chen et al, 2007; Treon et al, 2007). Subsequent stud-

ies have incorporated rituximab and have also given bort-

ezomib in a weekly schedule. These schedules appear

effective, with a MRR of approximately 50% and a lower

incidence of neurotoxicity (Agathocleous et al, 2010; Ghobri-

al et al, 2010b). Additionally, the routine subcutaneous

administration of bortezomib should reduce this risk

further.

Treon et al (2011c) also evaluated the BR combination in

patients with relapsed disease and demonstrated an ORR of

83% and an estimated PFS of 13 months. In this cohort,

myelotoxicity was most significant in those patients previ-

ously treated with purine analogues (Treon et al, 2011c).

Alemtuzumab has also been evaluated in WM, with one

study demonstrating an ORR of 75% and MRR of 36% while

the median time to progression was 16�8 months in respond-

ing patients (Treon et al, 2011d). Infectious complications

including cytomegalovirus (CMV) reactivation were common

while late onset immune thrombocytopenia was demon-

strated in a significant minority of patients (Treon et al,

2011d).

The immunomodulatory drugs thalidomide and lenalido-

mide have, in conjunction with rituximab, been evaluated in

small phase II studies. While clinical efficacy is evident their

use appears limited by significant neurotoxicity with thalido-

mide and the development of significant anaemia in lenalid-

omide-treated patients (Treon et al, 2008, 2009c).

Alternative anti-CD20 monoclonal antibodies, such as

ofatumumab and obinutuzumab, are likely to have clinical
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activity in WM but cannot be recommended outside of a

clinical trial.

Recommendations

1 Repeat bone marrow aspirate and trephine assessment

and CT scanning should be performed prior to the rein-

troduction of treatment (Grade B1).

2 Patients who remain asymptomatic despite serological

evidence of progression can be observed until clinical

symptoms occur (Grade A1).

3 Patients should receive a rituximab-containing regimen

if CD20 is expressed. Appropriate regimens include FR,

FCR, Clad-R, BR and DRC. The choice of regimen in

individual patients will take into consideration perfor-

mance status, clinical features including renal function,

co-morbidities and potential candidacy for SCT (Grade

B1).

4 Retreatment with primary therapy may be appropriate

in some patients (Grade B1).

5 Bortezomib-containing regimens are suitable in the

relapse setting. Weekly regimens are preferable, given

the neurological toxicity associated with the biweekly

schedules. Prophylaxis against herpes zoster virus

(HZV) reactivation is recommended (Grade B1).

6 Alemtuzumab is a potential option in refractory disease

(Grade B1). Surveillance for CMV reactivation is recom-

mended.

8.4. Treatment for histological transformation

The natural history of patients who undergo histological

transformation has not been formally established in WM but

is anticipated to be poor given the experience in other B-cell

disorders, such as CLL. Central to the management of

patients with suspected transformation is detailed pathologi-

cal evaluation, which should include the assessment of EBV

in pathogenesis. In this context it should be noted that spon-

taneous resolution of EBV-related disorders can occur

(Dojcinov et al, 2010, 2011; Owen et al, 2011). In line with

recently published guidance in CLL (Oscier et al, 2012). WM

patients with biopsy-proven DLBCL should receive intensive

chemotherapy regimens used in patients with primary

DLBCL It is recognized that this approach may not be appli-

cable in many patients and that palliation may be achieved

with high-dose steroids or in some instances local radiother-

apy. Younger patients who achieve satisfactory responses may

be candidates for either autologous or allogeneic SCT and

should be discussed with a transplant centre.

Recommendations

1 A diagnosis of transformation requires histological

confirmation (Grade A1).

2 Patients who are suitable for intensive therapy should

receive regimens currently employed for primary

DLBCL (Grade B1).

3 Younger responding patients are candidates for a stem

cell transplant procedure and should be discussed with

a transplant centre (Grade B2).

9. Transplantation

Several studies, predominantly in the relapsed setting, have

shown that autologous SCT (autoSCT) in WM is feasible, safe

(5% 1-year non-relapse mortality), often leading to prolonged

disease control but with no evidence of cure (Kyriakou et al,

2010a; Bachanova & Burns, 2012). Chemosensitivity at the

time of transplant is the most important predictor of response

and transplantation should be avoided in refractory disease.

Only a selected minority of relapsed WM patients are suitable

for autoSCT given the older median age, frequent comorbidi-

ties and the indolent nature of many patients’ disease. Given

the selective nature and small numbers of patients trans-

planted there are no data to support a survival benefit but it

is expected to prolong PFS over conventional treatments with

a reported median PFS of about 4 years and a 60% survival

after 5 years (Kyriakou et al, 2010a; Gertz et al, 2012). Alky-

lating agents and purine analogues deplete stem cell numbers

and therefore should be used cautiously or avoided in patients

who are potential candidates for autoSCT (Bachanova &

Burns, 2012). AutoSCT is felt to be most beneficial for youn-

ger, fitter patients with a chemosensitive relapse who have

had a short duration of first remission (<2 years). Although

autoSCT may be appropriate in the case of relapsed chemo-

sensitive disease, there is a lack of evidence to indicate precise

eligibility criteria, optimal timing and conditioning regimen

(Bachanova & Burns, 2012). The frequency of longer term

adverse effects, such as secondary malignancies (particularly

myelodysplasia), are not known but clearly relevant for a

disease with a long median survival.

There are limited data for allogeneic SCT (alloSCT) in

WM but there is evidence for a graft-versus-WM effect with

some patients having long-term disease control. Treatment-

related mortality is significant at 23% for reduced-intensity

conditioned (RIC) alloSCT compared to 33% with fully

myeloablative conditioning. In the European Group for

Blood and Marrow Transplantation series, the 5-year PFS

was 45–50% and the OS 50–60% (Kyriakou et al, 2010b).

Given the significant morbidity and mortality of the proce-

dure, allogeneic transplantation can only be considered in

selected younger, fitter patients with a good performance sta-

tus and an aggressive but chemosensitive disease course.

Given the age range of WM, it is likely that a RIC-alloSCT

rather than a fully myeloablative procedure would be more

appropriate except for the exceptionally young patient. There

is insufficient data to indicate the optimal timing and condi-

tioning regimen for alloSCT.
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Recommendations

1 Autologous SCT is a feasible therapeutic option for

relapsed WM in younger, fitter patients with aggressive

disease (short PFS, histological transformation) (Grade

B2).

2 Allogeneic SCT may be considered in selected younger

patients with relapsed WM and aggressive clinical course

(short PFS, histological transformation) (Grade B2).

3 Autologous and allogeneic SCT should only be per-

formed in the setting of chemosensitive disease and at

least a PR to reinduction therapy (Grade A1).

10. Hyperviscosity syndrome

The symptoms of hyperviscosity syndrome (HVS) include

skin and mucosal bleeding, visual disturbance secondary to

retinopathy, neurological symptoms and rarely cardiac failure

(Stone, 2009; Stone & Bogen, 2012). Central to the diagnosis

of HVS is the demonstration of central retinal changes by

fundoscopy, which include retinal venous engorgement and

retinal haemorrhages. It has been long established that there

is not a linear relationship between PV and IgM concentra-

tion above a threshold level of approximately 30 g/l. Simi-

larly it is also well established that the recorded PVs in

patients with HVS vary considerably but remain constant in

individual patients (Fahey et al, 1965). Knowledge of the

symptomatic threshold for individual patients is extremely

useful as it allows a meaningful discussion regarding the

reintroduction of therapy before symptoms recur. The

majority of studies have demonstrated that HVS rarely

occurs below 4 centipoise (cP) but there is some data to sug-

gest that peripheral retinal changes can occur at lower viscos-

ities (Rosencranz & Bogen, 2006; Menke et al, 2009; Stone,

2009). The measurement of PV is a very useful adjunct to

the clinical assessment of patients although it is recognized

that it is not universally available in UK laboratories.

Therapeutic plasma exchange is highly effective at reduc-

ing PV, lowering IgM concentrations and reversing the clini-

cal effects of HVS. This is primarily due to the fact that 80%

of IgM is intravascular and estimates suggest that a 1-volume

plasma exchange results in an approximately 40% reduction

in IgM and 60% reduction in PV [see Johnson et al (2006)

for references and recent guideline (Schwartz et al, 2013)].

Isovolumetric venesection is a potentially useful technique in

emergency situations when access to formal plasma exchange

is not readily available.

Although it is accepted that plasma exchange should lar-

gely be reserved for patients with HVS it is recognized that

in certain circumstances plasma exchange may be warranted

in asymptomatic individuals, such as those with multiple vas-

cular co-morbidities. There is a risk of precipitating HVS

with transfusion of red cells and so plasma exchange should

be considered in patients with a high PV (PV >4cP) prior to
transfusion of red cells. Similarly, there is anecdotal evidence

to support pre-operative exchange in some patients as it may

improve wound healing and reduce the risk of venous

thromboembolism. In patients not responding to, or too frail

for disease-modifying treatment, ongoing plasma exchange

may be useful to control HVS and improve quality of life.

Recommendation

1 Plasma exchange is recommended for all patients with

HVS, irrespective of PV (Grade A1).

2 As per previous guidance, 1–2 procedures, exchanging

1–1�5 calculated plasma volumes, is advised (Grade A1).

3 Plasma exchange may be indicated in certain asymptom-

atic individuals, depending on the clinical circumstances,

recorded plasma viscosities and co-morbidities (Grade

C2).

11. IgM-related syndromes

11.1. Peripheral neuropathy

Neuropathies are particularly common in WM, being

demonstrable in almost 50% of patients (Levine et al, 2006)

and clinical neurological assessment should therefore be per-

formed in all patients with IgM paraproteins. It should be

recognized that not all neuropathies are directly attributable

to the IgM and collaborative working with a neurologist is

desirable to facilitate appropriate investigation and confirma-

tion of any aetiological role for the IgM.

Peripheral neuropathy attributable to activity of the

monoclonal IgM to MAG is a well recognized entity and the

clinical presentation is typically one of unsteadiness, tremor

and prominent vibratory sensory dysfunction but little motor

involvement (Steck et al, 2006). Nerve conduction studies

show a characteristic demyelinating pattern while high titre

anti-MAG antibodies are typically demonstrable in the serum

(Kaku et al, 1994; Kuijf et al, 2009). Conservative treatment

approaches are often adequate as the neuropathy is only

slowly progressive but anti-WM treatment may be indicated

for patients with disabling or rapidly progressive symptoms

(Joint Task Force of the European Federation of Neurological

Societies & the Peripheral Nerve Society, 2010) Determining

the most appropriate therapy is difficult given the limited

evidence available as well as the fact that many clinical trials

have utilized inadequate outcome measures (Merkies &

Lauria, 2006). There are published data on rituximab, purine

analogues and alkylating agents as well as on intravenous

immunoglobulin and plasma exchange (Lunn & Nobile-

Orazio, 2012). A pragmatic approach at this stage would be

to apply a similar treatment algorithm to that used in

patients with symptomatic WM and consider that rituximab,

either alone or in combination, provides suitable treatment

for those patients in whom chemotherapeutic intervention is

considered appropriate. It should however be noted that the
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anti-MAG titre has little or no value in determining the

severity of the neuropathy and no value in determining

response to therapy.

IgM reactivity to other neural antigens, including sulpha-

tide, gangliosides and trisulphated heparin disaccharide, have

been described in WM but their pathogenetic relevance

remains unclear and specific treatment recommendations

cannot be made. Other pathogenetic mechanisms for WM

neuropathy include amyloidosis, cryoglobulinaemia and

direct infiltration.

Recommendations

1 Neurological examination should be performed in all

patients with an IgM paraprotein (Grade A1).

2 Collaborative working with a neurologist is encouraged.

Anti-MAG serology and nerve conduction studies are

recommended in patients with symptomatic peripheral

neuropathy (Grade A1).

3 Chemotherapeutic intervention should be considered in

those patients with disabling or rapidly progressive

anti-MAG neuropathy (Grade B1).

4 If chemotherapy is considered appropriate, a rituximab-

containing regimen is appropriate with the final choice

of regimen being determined by factors such as perfor-

mance status, co-morbidities and renal function (Grade

B1).

11.2. Cold haemagglutinin disease

Cold haemagglutinin disease (CHAD) is a rare autoimmune

haemolytic anaemia due to a cold reactive autoantibody typi-

cally directed against I/i red cell antigens, this antibody

agglutinating red cells at low temperatures. It is considered

to be a clonal B-cell lymphoproliferative disorder as the vast

majority of patients will have an IgM paraprotein and many

will fulfill the diagnostic criteria for WM (Berentsen, 2011).

The clinical features include chronic anaemia and cold-

induced symptoms such as acrocyanosis and Raynaud

phenomenon.

Not all patients require treatment but those with symp-

tomatic and transfusion-dependent anaemia and/or disabling

cold-induced symptoms should be considered for therapeutic

intervention. Treatment with corticosteroids, alkylating

agents, azathioprine, interferon and splenectomy are largely

ineffective (Berentsen, 2011). Two trials have demonstrated

the efficacy of single agent rituximab (375 mg/m2 weekly for

4 weeks) with ORRs of approximately 50% and a median

duration of response of 11 months (Berentsen et al, 2004;

Schollkopf et al, 2006). A recent study of fludarabine in

combination with rituximab showed a response rate of 76%

including 21% CR and an estimated median response dura-

tion of 66 months. Responses were also noted in patients

refractory to single agent rituximab (Berentsen et al, 2010).

Recommendation

1 Rituximab-based therapy is recommended for patients

with symptomatic CHAD. The addition of fludarabine

should be considered for patients with adequate perfor-

mance status and renal function (Grade B1).

11.3. Cryoglobulinaemia

Cryoglobulins, immunoglobulins that precipitate on cooling,

are demonstrable in approximately 1% of individuals with

monoclonal proteins (Bryce et al, 2006). Type I cryoglobulins

consist entirely of monoclonal immunoglobulin and very

rarely have clinical sequelae. Type II cryoglobulins comprise

a mix of monoclonal Ig, almost always of IgM kappa type

and polyclonal IgG and typically have rheumatoid factor

activity. All patients with type II cryoglobulinaemia have, by

definition, a clonal B-cell disorder but overt WM is only

demonstrable in a minority of patients. Underlying HCV

infection is demonstrable in some patients. Type II cryoglob-

ulinaemia is clinically characterized by purpura, cutaneous

ulceration, peripheral neuropathy, arthralgia and glomerulo-

nephritis (Bryce et al, 2006; Gertz, 2012; Terrier et al, 2012).

There are limited published data on the treatment of patients

with cryoglobulinaemia. Patients with proven HCV infection

should be referred to a hepatologist for definitive treatment.

Historically, most patients with symptomatic cryoglobulina-

emia have received corticosteroids and/or alkylating agents

but a recent multicentre study has suggested that rituximab

(typically in the standard schedule of 375 mg/m2 9 4 weeks)

and corticosteroids provide better disease control (Terrier

et al, 2012). It may also be appropriate to treat those patients

with overt WM with standard immuno-chemotherapy regi-

mens as detailed above.

Recommendations

1 Cryoglobulinaemia should be considered in patients with

IgM monoclonal gammopathy and unexplained purpura,

arthralgia, haematuria or peripheral neuropathy (Grade

A1).

2 Patients with cryoglobulinaemia should be screened for

HCV infection (Grade A1).

3 Patients with symptomatic cryoglobulinaemia may be

treated with corticosteroids and rituximab (Grade B1).

4 Patients with symptomatic cryoglobulinaemia and overt

WM can be treated with standard therapies (Grade B1).

11.4. Primary amyloidosis

Amyloidosis (AL) is a rare complication of IgM paraprotein-

aemia. Several studies have suggested that amyloidosis occurs

less frequently in patients with IgM paraproteins than with

other monoclonal proteins, as it accounts for only 5–7% of
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all cases of AL amyloidosis (Gertz et al, 1993; Wechalekar

et al, 2008; Palladini et al, 2009). Given that IgM parapro-

teins may be demonstrable in many B-cell lymphoprolifera-

tive disorders, there is a clear need for detailed assessment of

the underlying B-cell clone in IgM-associated amyloid as it

may influence treatment decisions (Wechalekar et al, 2008).

12. Autoimmune cytopenias

Immune-mediated haemolytic anaemia of warm type,

immune thrombocytopenia and red cell aplasia can all occur

in WM patients. They may be presenting features or occur

later in the disease course (Owen et al, 2001b; Aslan et al,

2006; Poulain et al, 2006; Treon et al, 2011d). Data from

CLL suggests that these complications are less common with

chemo-immunotherapy regimens than with single agent alky-

lators or purine analogues and the treatment algorithms pro-

posed in the recent BCSH guidelines on CLL (Oscier et al,

2012) are broadly applicable in WM patients.

13. Supportive care

Infective complications are common in WM. They are more

likely in patients with advanced disease, advanced age, multi-

ple lines of therapy, refractory disease, severe neutropenia,

hypogammaglobulinaemia and multiple comorbidities.

Detailed guidance on antimicrobial prophylaxis and immuni-

zation is beyond the scope of this guideline and there is a

lack of data specifically relating to WM. Given the similari-

ties in supportive practices with CLL it is reasonable to fol-

low the BCSH guidelines relating to supportive care of CLL

patients that are listed below (see Oscier et al, 2012 for full

details) with the caveat that there is a lack of specific evi-

dence in WM.

Hypogammaglobulinaemia is frequently seen in WM and

does not appear to correct despite adequate response to cur-

rently available therapies (Hunter et al, 2010). A minority of

patients will have recurrent bacterial infection as a conse-

quence of this and may be suitable for immunoglobulin

replacement therapy according to UK Department of Health

clinical guidelines (http://www.dh.gov.uk/en/Publicationsand-

statistics/Publications/PublicationsPolicyAndGuidance/

DH_085235).

In a recent large population-based study an increased risk

of venous thromboembolism (VTE) was noted in patients

with WM (Hultcrantz et al, 2012). The greatest risk was

noted during the first year following diagnosis but an excess

risk was also documented at 5 and 10 years. In contrast to

myeloma, there was no apparent excess risk of arterial

thrombosis. In addition, patients with IgM MGUS (in con-

trast to those with IgG and IgA MGUS) do not appear to be

at greater risk of VTE nor arterial thrombosis (Kristinsson

et al, 2010b; Hultcrantz et al, 2012). Further prospective data

is required before definitive statements on VTE prophylaxis

can be made. This data should however be considered when

WM patients encounter periods of additional risk, such as

surgery.

Patients receiving purine analogues, alemtuzumab and

bendamustine should receive irradiated blood products for

life (Treleaven et al, 2011).

Recommendations

1 Antimicrobial prophylaxis should be considered for

patients with hypogammaglobulinaemia who develop

recurrent bacterial infections (Grade B1).

2 Immunoglobulin replacement therapy should be

according to UK Department of Health clinical guide-

lines (Grade B1).

3 Anti-Pneumocystis jirovecii prophylaxis is recom-

mended in patients requiring intensive and/or immu-

nosuppressive treatment (Grade B1).

4 Anti-herpes simplex virus (HSV) and -HZV prophy-

laxis is recommended in patients requiring intensive,

immunosuppressive or bortezomib-based therapy

(Grade B1).

5 Pneumocystis and herpes prophylaxis is not routinely

required in patients treated with alkylating agents or

bendamustine (Grade B2).

6 The duration of anti-pneumocystis and herpes prophy-

laxis is controversial. Recommendations range from a

minimum of 2 months post-therapy to awaiting a rise

in CD4 count to 0�2 3 109/l (Grade C2).

7 Vaccination against Streptococcus pneumoniae (using a

conjugate vaccine) and Haemophilus influenzae type B

(HIB) is encouraged at diagnosis although there is a

lack of randomized trials to support vaccination.

Patients who respond to vaccination and subsequently

develop recurrent bacterial infections should be revac-

cinated if S. pneumoniae and HIB antibody levels have

fallen (Grade C1).

8 Annual vaccination against seasonal influenza includ-

ing novel strains is recommended (Grade C1).

9 Live vaccines, such as polio, herpes zoster and yellow

fever, should be avoided (Grade A1).

10 Vaccinations should be avoided, if possible, 2 weeks

prior to, during and for 6 months after chemo-immu-

notherapy (Grade B1).

Acknowledgements

We would like to acknowledge Dr Richard Gregg’s excellent

support in preparing the manuscript. All named authors con-

tributed significantly to the development and drafting of

these guidelines.

Guideline

ª 2014 John Wiley & Sons Ltd, British Journal of Haematology 13



References

Ackroyd, S., O’Connor, S.J. & Owen, R.G. (2005)

Rarity of IgH translocations in Waldenstrom

macroglobulinemia. Cancer Genetics and Cytoge-

netics, 163, 77–80.

Agathocleous, A., Rohatiner, A., Rule, S., Hunter,

H., Kerr, J.P., Neeson, S.M., Matthews, J.,

Strauss, S., Montoto, S., Johnson, P., Radford, J.

& Lister, A. (2010) Weekly versus twice weekly

bortezomib given in conjunction with ritux-

imab, in patients with recurrent follicular lym-

phoma, mantle cell lymphoma and

Waldenstrom macroglobulinaemia. British Jour-

nal of Haematology, 151, 346–353.

Ansell, S.M., Kyle, R.A., Reeder, C.B., Fonseca, R.,

Mikhael, J.R., Morice, W.G., Bergsagel, P.L., Bu-

adi, F.K., Colgan, J.P., Dingli, D., Dispenzieri,

A., Greipp, P.R., Habermann, T.M., Hayman,

S.R., Inwards, D.J., Johnston, P.B., Kumar, S.K.,

Lacy, M.Q., Lust, J.A., Markovic, S.N., Micallef,

I.N., Nowakowski, G.S., Porrata, L.F., Roy, V.,

Russell, S.J., Short, K.E., Stewart, A.K., Thomp-

son, C.A., Witzig, T.E., Zeldenrust, S.R., Dalton,

R.J., Rajkumar, S.V. & Gertz, M.A. (2010) Diag-

nosis and management of Waldenstrom macro-

globulinemia: mayo stratification of

macroglobulinemia and risk-adapted therapy

(mSMART) guidelines. Mayo Clinic Proceedings,

85, 824–833.

Aslan, D.L., Peterson, B.A., Long-Tsai, M. & Eastl-

und, T. (2006) Early-onset autoimmune hemo-

lytic anemia after cladribine therapy for

Waldenstrom’s macroglobulinemia. Transfusion,

46, 90–94.

Avet-Loiseau, H., Garand, R., Lode, L., Harous-

seau, J.L. & Bataille, R. (2003) Translocation t

(11;14)(q13;q32) is the hallmark of IgM, IgE,

and nonsecretory multiple myeloma variants.

Blood, 101, 1570–1571.

Bachanova, V. & Burns, L.J. (2012) Hematopoietic

cell transplantation for Waldenstrom macro-

globulinemia. Bone Marrow Transplantation, 47,

330–336.

Banwait, R., O’Regan, K., Campigotto, F., Harris,

B., Yarar, D., Bagshaw, M., Leleu, X., Leduc, R.,

Ramaiya, N., Weller, E. & Ghobrial, I.M. (2011)

The role of 18F-FDG PET/CT imaging in Wal-

denstrom macroglobulinemia. American Journal

of Hematology, 86, 567–572.

Barakat, F.H., Medeiros, L.J., Wei, E.X., Konoplev,

S., Lin, P. & Jorgensen, J.L. (2011) Residual

monotypic plasma cells in patients with Wal-

denstrom macroglobulinemia after therapy.

American Journal of Clinical Pathology, 135,

365–373.

Berentsen, S. (2011) How I manage cold agglutinin

disease. British Journal of Haematology, 153,

309–317.

Berentsen, S., Ulvestad, E., Gjertsen, B.T., Hjorth-

Hansen, H., Langholm, R., Knutsen, H., Ghani-

ma, W., Shammas, F.V. & Tjonnfjord, G.E.

(2004) Rituximab for primary chronic cold

agglutinin disease: a prospective study of 37

courses of therapy in 27 patients. Blood, 103,

2925–2928.

Berentsen, S., Randen, U., Vagan, A.M., Hjorth-

Hansen, H., Vik, A., Dalgaard, J., Jacobsen,

E.M., Thoresen, A.S., Beiske, K. & Tjonnfjord,

G.E. (2010) High response rate and durable

remissions following fludarabine and rituximab

combination therapy for chronic cold agglutinin

disease. Blood, 116, 3180–3184.

Bird, J., Behrens, J., Westin, J., Turesson, I., Dray-

son, M., Beetham, R., D’Sa, S., Soutar, R.,

Waage, A., Gulbrandsen, N., Gregersen, H. &

Low, E. (2009) UK Myeloma Forum (UKMF)

and Nordic Myeloma Study Group (NMSG):

guidelines for the investigation of newly detected

M-proteins and the management of monoclonal

gammopathy of undetermined significance

(MGUS). British Journal of Haematology, 147,

22–42.

Bruzzi, J.F., Macapinlac, H., Tsimberidou, A.M.,

Truong, M.T., Keating, M.J., Marom, E.M. &

Munden, R.F. (2006) Detection of Richter’s

transformation of chronic lymphocytic leukemia

by PET/CT. Journal of Nuclear Medicine, 47,

1267–1273.

Bryce, A.H., Kyle, R.A., Dispenzieri, A. & Gertz,

M.A. (2006) Natural history and therapy of 66

patients with mixed cryoglobulinemia. American

Journal of Hematology, 81, 511–518.

Buske, C., Hoster, E., Dreyling, M., Eimermacher,

H., Wandt, H., Metzner, B., Fuchs, R., Bitten-

bring, J., Woermann, B., Hohloch, K., Hess, G.,

Ludwig, W.D., Schimke, J., Schmitz, S., Kneba,

M., Reiser, M., Graeven, U., Klapper, W., Unter-

halt, M. & Hiddemann, W. (2009) The addition

of rituximab to front-line therapy with CHOP

(R-CHOP) results in a higher response rate and

longer time to treatment failure in patients with

lymphoplasmacytic lymphoma: results of a ran-

domized trial of the German Low-Grade Lym-

phoma Study Group (GLSG). Leukemia, 23,

153–161.

Byrd, J.C., White, C.A., Link, B., Lucas, M.S.,

Velasquez, W.S., Rosenberg, J. & Grillo-Lopez,

A.J. (1999) Rituximab therapy in Waldenstrom’s

macroglobulinemia: preliminary evidence of

clinical activity. Annals of Oncology, 10, 1525–

1527.

Chen, C.I., Kouroukis, C.T., White, D., Voralia,

M., Stadtmauer, E., Stewart, A.K., Wright, J.J.,

Powers, J., Walsh, W., Eisenhauer, E. & Insti-

tute, National.Cancer.; National Cancer Institute

of Canada Clinical Trials Group (2007) Bortezo-

mib is active in patients with untreated or

relapsed Waldenstrom’s macroglobulinemia: a

phase II study of the National Cancer Institute

of Canada Clinical TRIALS group. Journal of

Clinical Oncology, 25, 1570–1575.

Coiffier, B., Lepage, E., Briere, J., Herbrecht, R.,

Tilly, H., Bouabdallah, R., Morel, P., Van Den

Neste, E., Salles, G., Gaulard, P., Reyes, F.,

Lederlin, P. & Gisselbrecht, C. (2002) CHOP

chemotherapy plus rituximab compared with

CHOP alone in elderly patients with diffuse

large-B-cell lymphoma. New England Journal of

Medicine, 346, 235–242.

Dimopoulos, M.A., Zervas, C., Zomas, A., Kia-

mouris, C., Viniou, N.A., Grigoraki, V., Karkan-

taris, C., Mitsouli, C., Gika, D., Christakis, J. &

Anagnostopoulos, N. (2002) Treatment of Wal-

denstrom’s macroglobulinemia with rituximab.

Journal of Clinical Oncology, 20, 2327–2333.

Dimopoulos, M.A., Anagnostopoulos, A., Kyrtso-

nis, M.C., Castritis, E., Bitsaktsis, A. & Pangalis,

G.A. (2005) Treatment of relapsed or refractory

Waldenstrom’s macroglobulinemia with bort-

ezomib. Haematologica, 90, 1655–1658.

Dimopoulos, M.A., Anagnostopoulos, A., Kyrtso-

nis, M.C., Zervas, K., Tsatalas, C., Kokkinis, G.,

Repoussis, P., Symeonidis, A., Delimpasi, S.,

Katodritou, E., Vervessou, E., Michali, E., Pouli,

A., Gika, D., Vassou, A., Terpos, E., Anagnosto-

poulos, N., Economopoulos, T. & Pangalis, G.

(2007) Primary treatment of Waldenstrom mac-

roglobulinemia with dexamethasone, rituximab,

and cyclophosphamide. Journal of Clinical

Oncology, 25, 3344–3349.

Dimopoulos, M.A., Roussou, M., Kastritis, E.,

Hadjiharissi, E., Kyrtsonis, M.-C., Symeonidis,

A., Repoussis, P., Michalis, E., Delimpasi, S.,

Tsatalas, K., Tsirigotis, P., Vassou, A., Verves-

sou, E., Katodritou, E., Gavriatopoulou, M.,

Gika, D., Terpos, E. & Zervas, K. (2012) Pri-

mary treatment of Waldenstrom’s macroglobu-

linemia with dexamethasone, rituximab and

cyclophosphamide (DRC): final analysis of a

phase II study. Blood (ASH Annual Meeting

Abstracts), 120, 438.

Dojcinov, S.D., Venkataraman, G., Raffeld, M., Pit-

taluga, S. & Jaffe, E.S. (2010) EBV positive

mucocutaneous ulcer–a study of 26 cases associ-

ated with various sources of immunosuppres-

sion. American Journal of Surgical Pathology, 34,

405–417.

Dojcinov, S.D., Venkataraman, G., Pittaluga, S.,

Wlodarska, I., Schrager, J.A., Raffeld, M., Hills,

R.K. & Jaffe, E.S. (2011) Age-related EBV-associ-

ated lymphoproliferative disorders in the Wes-

tern population: a spectrum of reactive

lymphoid hyperplasia and lymphoma. Blood,

117, 4726–4735.

Facon, T., Brouillard, M., Duhamel, A., Morel, P.,

Simon, M., Jouet, J.P., Bauters, F. & Fenaux, P.

(1993) Prognostic factors in Waldenstrom’s

macroglobulinemia: a report of 167 cases. Jour-

nal of Clinical Oncology, 11, 1553–1558.

Fahey, J.L., Barth, W.F. & Solomon, A. (1965)

Serum hyperviscosity syndrome. Journal of the

American Medical Association, 192, 464–467.

Feyler, S., O’Connor, S.J., Rawstron, A.C., Subash,

C., Ross, F.M., Pratt, G., Drayson, M.T.,

Ashcroft, J., Cook, G. & Owen, R.G. (2008) IgM

myeloma: a rare entity characterized by a CD20-

CD56-CD117- immunophenotype and the t

(11;14). British Journal of Haematology, 140,

547–551.

Foran, J.M., Rohatiner, A.Z., Cunningham, D.,

Popescu, R.A., Solal-Celigny, P., Ghielmini, M.,

Guideline

14 ª 2014 John Wiley & Sons Ltd, British Journal of Haematology



Coiffier, B., Johnson, P.W., Gisselbrecht, C.,

Reyes, F., Radford, J.A., Bessell, E.M., Souleau,

B., Benzohra, A. & Lister, T.A. (2000) European

phase II study of rituximab (chimeric anti-CD20

monoclonal antibody) for patients with newly

diagnosed mantle-cell lymphoma and previously

treated mantle-cell lymphoma, immunocytoma,

and small B-cell lymphocytic lymphoma. Journal

of Clinical Oncology, 18, 317–324.

Gachard, N., Parrens, M., Soubeyran, I., Petit, B.,

Marfak, A., Rizzo, D., Devesa, M., Delage-Corre,

M., Coste, V., Laforet, M.P., de Mascarel, A.,

Merlio, J.P., Bouabdhalla, K., Milpied, N., Sou-

beyran, P., Schmitt, A., Bordessoule, D., Cogne,

M. & Feuillard, J. (2013) IGHV gene features

and MYD88 L265P mutation separate the three

marginal zone lymphoma entities and Walden-

strom macroglobulinemia/lymphoplasmacytic

lymphomas. Leukemia, 27, 183–189.

Garcia-Sanz, R., Montoto, S., Torrequebrada, A.,

de Coca, A.G., Petit, J., Sureda, A., Rodriguez-

Garcia, J.A., Masso, P., Perez-Aliaga, A., Monte-

agudo, M.D., Navarro, I., Moreno, G., Toledo,

C., Alonso, A., Besses, C., Besalduch, J., Jarque,

I., Salama, P., Rivas, J.A., Navarro, B., Blade, J.

& Miguel, J.F. (2001) Waldenstrom macroglobu-

linaemia: presenting features and outcome in a

series with 217 cases. British Journal of Haema-

tology, 115, 575–582.

Gertz, M.A. (2012) Baby, it’s cold outside!. Blood,

119, 5943–5944.

Gertz, M.A., Kyle, R.A. & Noel, P. (1993) Primary

systemic amyloidosis: a rare complication of

immunoglobulin M monoclonal gammopathies

and Waldenstrom’s macroglobulinemia. Journal

of Clinical Oncology, 11, 914–920.

Gertz, M.A., Rue, M., Blood, E., Kaminer, L.S.,

Vesole, D.H. & Greipp, P.R. (2004) Multicenter

phase 2 trial of rituximab for Waldenstrom

macroglobulinemia (WM): an Eastern Coopera-

tive Oncology Group Study (E3A98). Leukaemia

& Lymphoma, 45, 2047–2055.

Gertz, M.A., Abonour, R., Heffner, L.T., Greipp,

P.R., Uno, H. & Rajkumar, S.V. (2009) Clinical

value of minor responses after 4 doses of ritux-

imab in Waldenstrom macroglobulinaemia: a

follow-up of the Eastern Cooperative Oncology

Group E3A98 Trial. British Journal of Haematol-

ogy, 147, 677–680.

Gertz, M.A., Reeder, C.B., Kyle, R.A. & Ansell,

S.M. (2012) Stem cell transplant for Walden-

strom macroglobulinemia: an underutilized

technique. Bone Marrow Transplantation, 47,

1147–1153.

Ghobrial, I.M., Fonseca, R., Greipp, P.R., Blood,

E., Rue, M., Vesole, D.H. & Gertz, M.A.; Eastern

Cooperative Oncology Group (2004) Initial

immunoglobulin M ‘flare’ after rituximab ther-

apy in patients diagnosed with Waldenstrom

macroglobulinemia: an Eastern Cooperative

Oncology Group Study. Cancer, 101, 2593–2598.

Ghobrial, I.M., Xie, W., Padmanabhan, S., Badros,

A., Rourke, M., Leduc, R., Chuma, S., Kunsman,

J., Warren, D., Poon, T., Harris, B., Sam, A.,

Anderson, K.C., Richardson, P.G., Treon, S.P.,

Weller, E. & Matous, J. (2010a) Phase II trial of

weekly bortezomib in combination with ritux-

imab in untreated patients with Waldenstrom

Macroglobulinemia. American Journal of Hema-

tology, 85, 670–674.

Ghobrial, I.M., Hong, F., Padmanabhan, S.,

Badros, A., Rourke, M., Leduc, R., Chuma, S.,

Kunsman, J., Warren, D., Harris, B., Sam, A.,

Anderson, K.C., Richardson, P.G., Treon, S.P.,

Weller, E. & Matous, J. (2010b) Phase II trial of

weekly bortezomib in combination with ritux-

imab in relapsed or relapsed and refractory Wal-

denstrom macroglobulinemia. Journal of Clinical

Oncology, 28, 1422–1428.

Griffiths, R., Mikhael, J., Gleeson, M., Danese, M.

& Dreyling, M. (2011) Addition of rituximab to

chemotherapy alone as first-line therapy

improves overall survival in elderly patients with

mantle cell lymphoma. Blood, 118, 4808–4816.

Hallek, M., Fischer, K., Fingerle-Rowson, G., Fink,

A.M., Busch, R., Mayer, J., Hensel, M., Hopfin-

ger, G., Hess, G., von Grunhagen, U.,

Bergmann, M., Catalano, J., Zinzani, P.L., Calig-

aris-Cappio, F., Seymour, J.F., Berrebi, A., Jager,

U., Cazin, B., Trneny, M., Westermann, A.,

Wendtner, C.M., Eichhorst, B.F., Staib, P., Buh-

ler, A., Winkler, D., Zenz, T., Bottcher, S., Rit-

gen, M., Mendila, M., Kneba, M., Dohner, H. &

Stilgenbauer, S. (2010) Addition of rituximab to

fludarabine and cyclophosphamide in patients

with chronic lymphocytic leukaemia: a rando-

mised, open-label, phase 3 trial. Lancet, 376,

1164–1174.

Herrinton, L.J. & Weiss, N.S. (1993) Incidence of

Waldenstrom’s macroglobulinemia. Blood, 82,

3148–3150.

Hultcrantz, M., Bjorkholm, M., Goldin, L., Tures-

son, I., Schulman, S., Landgren, O. & Kristins-

son, S. (2012) Elevated risk of venous but not

arterial thrombosis in Waldenstr€om’s macro-

globulinemia and lymphoplasmacytic lym-

phoma. Blood (ASH Annual Meeting Abstracts),

120, 1603.

Hunter, Z.R., Manning, R.J., Hanzis, C., Ciccarelli,

B.T., Ioakimidis, L., Patterson, C.J., Lewicki,

M.C., Tseng, H., Gong, P., Liu, X., Zhou, Y.,

Yang, G., Sun, J., Xu, L., Sheehy, P., Morra, M.

& Treon, S.P. (2010) IgA and IgG hypogamma-

globulinemia in Waldenstrom’s macroglobuline-

mia. Haematologica, 95, 470–475.

Itzykson, R., Le Garff-Tavernier, M., Katsahian, S.,

Diemert, M.C., Musset, L. & Leblond, V. (2008)

Serum-free light chain elevation is associated

with a shorter time to treatment in Walden-

strom’s macroglobulinemia. Haematologica, 93,

793–794.

Johnson, S.A., Birchall, J., Luckie, C., Oscier, D.G.

& Owen, R.G. (2006) Guidelines on the man-

agement of Waldenstrom macroglobulinaemia.

British Journal of Haematology, 132, 683–697.

Joint Task Force of the European Federation of

Neurological Societies and the Peripheral Nerve

Society (2010) European Federation of Neuro-

logical Societies Peripheral Nerve Society guide-

line on management of paraproteinemic

demyelinating neuropathies. Report of a joint

task force of the European Federation of Neuro-

logical Societies and the Peripheral Nerve Soci-

ety–first revision. Journal of the Peripheral

Nervous System, 15, 185–195.

Kaku, D.A., England, J.D. & Sumner, A.J. (1994)

Distal accentuation of conduction slowing in

polyneuropathy associated with antibodies to

myelin-associated glycoprotein and sulphated

glucuronyl paragloboside. Brain, 117(Pt 5), 941–

947.

Koshiol, J., Gridley, G., Engels, E.A., McMaster,

M.L. & Landgren, O. (2008) Chronic immune

stimulation and subsequent Waldenstrom mac-

roglobulinemia. Archives of Internal Medicine,

168, 1903–1909.

Kristinsson, S.Y., Bjorkholm, M., Goldin, L.R.,

McMaster, M.L., Turesson, I. & Landgren, O.

(2008) Risk of lymphoproliferative disorders

among first-degree relatives of lymphoplasmacy-

tic lymphoma/Waldenstrom macroglobulinemia

patients: a population-based study in Sweden.

Blood, 112, 3052–3056.

Kristinsson, S.Y., Koshiol, J., Bjorkholm, M.,

Goldin, L.R., McMaster, M.L., Turesson, I. &

Landgren, O. (2010a) Immune-related and

inflammatory conditions and risk of lympho-

plasmacytic lymphoma or Waldenstrom macro-

globulinemia. Journal of the National Cancer

Institute, 102, 557–567.

Kristinsson, S.Y., Pfeiffer, R.M., Bjorkholm, M.,

Goldin, L.R., Schulman, S., Blimark, C., Mellq-

vist, U.H., Wahlin, A., Turesson, I. & Landgren,

O. (2010b) Arterial and venous thrombosis in

monoclonal gammopathy of undetermined sig-

nificance and multiple myeloma: a population-

based study. Blood, 115, 4991–4998.

Kuijf, M.L., Eurelings, M., Tio-Gillen, A.P., van

Doorn, P.A., van den Berg, L.H., Hooijkaas, H.,

Stork, J., Notermans, N.C. & Jacobs, B.C. (2009)

Detection of anti-MAG antibodies in polyneur-

opathy associated with IgM monoclonal gamm-

opathy. Neurology, 73, 688–695.

Kyle, R.A. & Garton, J.P. (1987) The spectrum of

IgM monoclonal gammopathy in 430 cases.

Mayo Clinic Proceedings, 62, 719–731.

Kyle, R.A., Therneau, T.M., Rajkumar, S.V.,

Remstein, E.D., Offord, J.R., Larson, D.R., Ple-

vak, M.F. & Melton, L.J. 3rd (2003a) Long-term

follow-up of IgM monoclonal gammopathy of

undetermined significance. Blood, 102, 3759–

3764.

Kyle, R.A., Treon, S.P., Alexanian, R., Barlogie,

B., Bjorkholm, M., Dhodapkar, M., Lister,

T.A., Merlini, G., Morel, P., Stone, M., Brana-

gan, A.R. & Leblond, V. (2003b) Prognostic

markers and criteria to initiate therapy in

Waldenstrom’s macroglobulinemia: consensus

panel recommendations from the Second

International Workshop on Waldenstrom’s

macroglobulinemia. Seminars in Oncology, 30,

116–120.

Kyle, R.A., Benson, J.T., Larson, D.R., Therneau,

T.M., Dispenzieri, A., Kumar, S., Melton, L.J.

3rd & Rajkumar, S.V. (2012) Progression in

Guideline

ª 2014 John Wiley & Sons Ltd, British Journal of Haematology 15



smoldering Waldenstrom macroglobulinemia:

long-term results. Blood, 119, 4462–4466.

Kyriakou, C., Canals, C., Sibon, D., Cahn, J.Y.,

Kazmi, M., Arcese, W., Kolbe, K., Gorin, N.C.,

Thomson, K., Milpied, N., Niederwieser, D.,

Indrak, K., Corradini, P., Sureda, A. & Schmitz,

N. (2010a) High-dose therapy and autologous

stem-cell transplantation in Waldenstrom mac-

roglobulinemia: the lymphoma Working Party

of the European Group for Blood and Marrow

Transplantation. Journal of Clinical Oncology, 28,

2227–2232.

Kyriakou, C., Canals, C., Cornelissen, J.J., Socie,

G., Willemze, R., Ifrah, N., Greinix, H.T., Blaise,

D., Deconinck, E., Ferrant, A., Schattenberg, A.,

Harousseau, J.L., Sureda, A. & Schmitz, N.

(2010b) Allogeneic stem-cell transplantation in

patients with Waldenstrom macroglobulinemia:

report from the lymphoma Working Party of

the European Group for Blood and Marrow

Transplantation. Journal of Clinical Oncology, 28,

4926–4934.

Laszlo, D., Andreola, G., Rigacci, L., Fabbri, A.,

Rabascio, C., Mancuso, P., Pruneri, G., Radice,

D., Pinto, A., Frigeri, F., Calabrese, L., Billio, A.,

Bertolini, F. & Martinelli, G. (2010) Rituximab

and subcutaneous 2-chloro-2’-deoxyadenosine

combination treatment for patients with Wal-

denstrom macroglobulinemia: clinical and bio-

logic results of a phase II multicenter study.

Journal of Clinical Oncology, 28, 2233–2238.

Leblond, V., Ben-Othman, T., Deconinck, E.,

Taksin, A.L., Harousseau, J.L., Delgado, M.A.,

Delmer, A., Maloisel, F., Mariette, X., Morel, P.,

Clauvel, J.P., Duboisset, P., Entezam, S.,

Hermine, O., Merlet, M., Yakoub-Agha, I., Gui-

bon, O., Caspard, H. & Fort, N. (1998) Activity

of fludarabine in previously treated Walden-

strom’s macroglobulinemia: a report of 71 cases.

Groupe Cooperatif Macroglobulinemie. Journal

of Clinical Oncology, 16, 2060–2064.

Leblond, V., Levy, V., Maloisel, F., Cazin, B.,

Fermand, J.P., Harousseau, J.L., Remenieras, L.,

Porcher, R., Gardembas, M., Marit, G., Decon-

inck, E., Desablens, B., Guilhot, F., Philippe, G.,

Stamatoullas, A. & Guibon, O. (2001) Multicen-

ter, randomized comparative trial of fludarabine

and the combination of cyclophosphamide-

doxorubicin-prednisone in 92 patients with

Waldenstrom macroglobulinemia in first relapse

or with primary refractory disease. Blood, 98,

2640–2644.

Leblond, V., Johnson, S., Chevret, S., Copplestone,

A., Rule, S., Tournilhac, O., Seymour, J.F., Pat-

more, R.D., Wright, D., Morel, P., Dilhuydy,

M.S., Willoughby, S., Dartigeas, C., Malphettes,

M., Royer, B., Ewings, M., Pratt, G., Lejeune, J.,

Nguyen-Khac, F., Choquet, S. & Owen, R.G.

(2013) Results of a randomized trial of chloram-

bucil versus fludarabine for patients with

untreated Waldenstrom macroglobulinemia,

marginal zone lymphoma, or lymphoplasmacytic

lymphoma. Journal of Clinical Oncology, 31,

301–307.

Leleu, X., Moreau, A.S., Weller, E., Roccaro, A.M.,

Coiteux, V., Manning, R., Nelson, M., Leduc,

R., Robu, D., Dupire, S., Hatjiharissi, E., Bur-

wick, N., Darre, S., Hennache, B., Treon, S.P.,

Facon, T., Gertz, M.A. & Ghobrial, I.M. (2008)

Serum immunoglobulin free light chain corre-

lates with tumor burden markers in Walden-

strom macroglobulinemia. Leukaemia &

Lymphoma, 49, 1104–1107.

Leleu, X., Soumerai, J., Roccaro, A., Hatjiharissi,

E., Hunter, Z.R., Manning, R., Ciccarelli, B.T.,

Sacco, A., Ioakimidis, L., Adamia, S., Moreau,

A.S., Patterson, C.J., Ghobrial, I.M. & Treon,

S.P. (2009) Increased incidence of transforma-

tion and myelodysplasia/acute leukemia in

patients with Waldenstrom macroglobulinemia

treated with nucleoside analogs. Journal of Clini-

cal Oncology, 27, 250–255.

Leleu, X., Koulieris, E., Maltezas, D., Itzykson, R.,

Xie, W., Manier, S., Dulery, R., Boyle, E.,

Gauthier, J., Poulain, S., Tatiana, T., Panayioti-

dis, P., Bradwell, A.R., Harding, S., Leblond, V.,

Kyrtsonis, M.C. & Ghobrial, I.M. (2011a) Novel

M-component based biomarkers in Walden-

strom’s macroglobulinemia. Clinical Lymphoma,

Myeloma and Leukemia, 11, 164–167.

Leleu, X., Xie, W., Bagshaw, M., Banwait, R.,

Leduc, R., Roper, N., Weller, E. & Ghobrial,

I.M. (2011b) The role of serum immunoglobulin

free light chain in response and progression in

Waldenstrom macroglobulinemia. Clinical Can-

cer Research, 17, 3013–3018.

Levine, T., Pestronk, A., Florence, J., Al-Lozi, M.T.,

Lopate, G., Miller, T., Ramneantu, I., Waheed,

W., Stambuk, M., Stone, M.J. & Choksi, R.

(2006) Peripheral neuropathies in Waldenstrom’s

macroglobulinaemia. Journal of Neurology, Neu-

rosurgery and Psychiatry, 77, 224–228.

Lin, P., Mansoor, A., Bueso-Ramos, C., Hao, S.,

Lai, R. & Medeiros, L.J. (2003) Diffuse large

B-cell lymphoma occurring in patients with

lymphoplasmacytic lymphoma/Waldenstr€om

macroglobulinemia. clinicopathologic features of

12 cases. American Journal of Clinical Pathology,

120, 246–253.

Lin, P., Hao, S., Handy, B.C., Bueso-Ramos, C.E.

& Medeiros, L.J. (2005) Lymphoid neoplasms

associated with IgM paraprotein: a study of 382

patients. American Journal of Clinical Pathology,

123, 200–205.

Lunn, M.P. & Nobile-Orazio, E. (2012) Immuno-

therapy for IgM anti-myelin-associated glyco-

protein paraprotein-associated peripheral

neuropathies. Cochrane Database Systematic

Review, 5, CD002827.

Marcus, R., Imrie, K., Solal-Celigny, P., Catalano,

J.V., Dmoszynska, A., Raposo, J.C., Offner, F.C.,

Gomez-Codina, J., Belch, A., Cunningham, D.,

Wassner-Fritsch, E. & Stein, G. (2008) Phase III

study of R-CVP compared with cyclophospha-

mide, vincristine, and prednisone alone in

patients with previously untreated advanced fol-

licular lymphoma. Journal of Clinical Oncology,

26, 4579–4586.

Menke, M.N., Feke, G.T., McMeel, J.W. & Treon,

S.P. (2009) Ophthalmologic techniques to assess

the severity of hyperviscosity syndrome and the

effect of plasmapheresis in patients with Wal-

denstrom’s macroglobulinemia. Clinical Lym-

phoma and Myeloma, 9, 100–103.

Merkies, I.S. & Lauria, G. (2006) 131st ENMC

international workshop: selection of outcome

measures for peripheral neuropathy clinical trials

10-12 December 2004, Naarden, The Nether-

lands. Neuromuscular Disorders, 16, 149–156.

Morel, P., Duhamel, A., Gobbi, P., Dimopoulos,

M.A., Dhodapkar, M.V., McCoy, J., Crowley, J.,

Ocio, E.M., Garcia-Sanz, R., Treon, S.P., Le-

blond, V., Kyle, R.A., Barlogie, B. & Merlini, G.

(2009) International prognostic scoring system

for Waldenstrom macroglobulinemia. Blood,

113, 4163–4170.

Morice, W.G., Chen, D., Kurtin, P.J., Hanson,

C.A. & McPhail, E.D. (2009) Novel immuno-

phenotypic features of marrow lymphoplasma-

cytic lymphoma and correlation with

Waldenstrom’s macroglobulinemia. Modern

Pathology, 22, 807–816.

Murray, D.L., Ryu, E., Snyder, M.R. & Katzmann,

J.A. (2009) Quantitation of serum monoclonal

proteins: relationship between agarose gel elec-

trophoresis and immunonephelometry. Clinical

Chemistry, 55, 1523–1529.

Nguyen-Khac, F., Lambert, J., Chapiro, E., Grelier,

A., Mould, S., Barin, C., Daudignon, A.,

Gachard, N., Struski, S., Henry, C., Penther, D.,

Mossafa, H., Andrieux, J., Eclache, V., Bilhou-

Nabera, C., Luquet, I., Terre, C., Baranger, L.,

Mugneret, F., Chiesa, J., Mozziconacci, M.J.,

Callet-Bauchu, E., Veronese, L., Blons, H.,

Owen, R., Lejeune, J., Chevret, S., Merle-Beral,

H. & Leblondon, V.; Groupe Franc�ais d’Etude

de la Leuc�emie Lympho€ıde Chronique et Mala-

die de Waldenstr€om (GFCLL/MW); Groupe

Ouest-Est d’�etude des Leuc�emie Aigu€es et Autres

Maladies du Sang (GOELAMS); Groupe d’Etude

des Lymphomes de l’Adulte (GELA) (2013)

Chromosomal aberrations and their prognostic

value in a series of 174 untreated patients with

Waldenstrom’s macroglobulinemia. Haematolog-

ica, 98, 649–654.

Ocio, E.M., Hernandez, J.M., Mateo, G., Sanchez,

M.L., Gonzalez, B., Vidriales, B., Gutierrez,

N.C., Orfao, A. & San Miguel, J.F. (2005)

Immunophenotypic and cytogenetic comparison

of Waldenstrom’s macroglobulinemia with sple-

nic marginal zone lymphoma. Clinical Lym-

phoma, 5, 241–245.

Ocio, E.M., Schop, R.F., Gonzalez, B., Van Wier,

S.A., Hernandez-Rivas, J.M., Gutierrez, N.C.,

Garcia-Sanz, R., Moro, M.J., Aguilera, C., Her-

nandez, J., Xu, R., Greipp, P.R., Dispenzieri,

A., Jalal, S.M., Lacy, M.Q., Gonzalez-Paz, N.,

Gertz, M.A., San Miguel, J.F. & Fonseca, R.

(2007) 6q deletion in Waldenstrom macroglob-

ulinemia is associated with features of adverse

prognosis. British Journal of Haematology, 136,

80–86.

Guideline

16 ª 2014 John Wiley & Sons Ltd, British Journal of Haematology



Oscier, D., Dearden, C., Erem, E., Fegan, C., Fol-

lows, G., Hillmen, P., Illidge, T., Matutes, E.,

Milligan, D.W., Pettitt, A., Schuh, A. &Wimpe-

ris, J.; British Committee for Standards in Hae-

matology (2012) Guidelines on the diagnosis,

investigation and management of chronic lym-

phocytic leukaemia. British Journal of Haematol-

ogy, 159, 541–564.

Owen, R.G., Parapia, L.A., Higginson, J., Misbah,

S.A., Child, J.A., Morgan, G.J. & Jack, A.S.

(2000) Clinicopathological correlates of IgM

paraproteinemias. Clinical Lymphoma, 1, 39–43;

discussion 44–35.

Owen, R.G., Barrans, S.L., Richards, S.J., O’Con-

nor, S.J., Child, J.A., Parapia, L.A., Morgan, G.J.

& Jack, A.S. (2001a) Waldenstrom macroglobu-

linemia. Development of diagnostic criteria and

identification of prognostic factors. American

Journal of Clinical Pathology, 116, 420–428.

Owen, R.G., Lubenko, A., Savage, J., Parapia, L.A.,

Jack, A.S. & Morgan, G.J. (2001b) Autoimmune

thrombocytopenia in Waldenstrom’s macroglob-

ulinemia. American Journal of Hematology, 66,

116–119.

Owen, R.G., Treon, S.P., Al-Katib, A., Fonseca, R.,

Greipp, P.R., McMaster, M.L., Morra, E., Pang-

alis, G.A., San Miguel, J.F., Branagan, A.R. &

Dimopoulos, M.A. (2003) Clinicopathological

definition of Waldenstrom’s macroglobulinemia:

consensus panel recommendations from the sec-

ond international workshop on Waldenstrom’s

macroglobulinemia. Seminars in Oncology, 30,

110–115.

Owen, R.G., Bynoe, A.G., Varghese, A., de Tute,

R.M. & Rawstron, A.C. (2011) Heterogeneity of

histological transformation events in Walden-

strom’s macroglobulinemia (WM) and related

disorders. Clinical Lymphoma, Myeloma and

Leukemia, 11, 176–179.

Owen, R.G., Kyle, R.A., Stone, M.J., Rawstron,

A.C., Leblond, V., Merlini, G., Garcia-Sanz, R.,

Ocio, E.M., Morra, E., Morel, P., Anderson,

K.C., Patterson, C.J., Munshi, N.C., Tedeschi,

A., Joshua, D.E., Kastritis, E., Terpos, E., Ghob-

rial, I.M., Leleu, X., Gertz, M.A., Ansell, S.M.,

Morice, W.G., Kimby, E. & Treon, S.P. (2013)

Response assessment in Waldenstrom macro-

globulinaemia: update from the VIth Interna-

tional Workshop. British Journal of

Haematology, 160, 171–176.

Paiva, B., Montes, M.C., Garcia-Sanz, R., Ocio,

E.M., Alonso, J., de Las Heras, N., Escalante, F.,

Cuello, R., de Coca, A.G., Galende, J., Hernan-

dez, J., Sierra, M., Martin, A., Pardal, E., Barez,

A., Alonso, J., Suarez, L., Gonzalez-Lpoez, T.J.,

Perez, J.J., Vidriales, M.B. & San Miguel, J.F.

(2014) Multiparameter flow cytometry for the

identification of the Waldenstr€om’s clone in

IgM-MGUS and Waldenstr€om’s macroglobulin-

emia: new criteria for differential diagnosis and

risk stratification. Leukemia, 28, 166–173.

Palladini, G., Russo, P., Bosoni, T., Sarais, G.,

Lavatelli, F., Foli, A., Bragotti, L.Z., Perfetti, V.,

Obici, L., Bergesio, F., Albertini, R., Moratti, R.

& Merlini, G. (2009) AL amyloidosis associated

with IgM monoclonal protein: a distinct clinical

entity. Clinical Lymphoma and Myeloma, 9,

80–83.

Pasricha, S.R., Juneja, S.K., Westerman, D.A. &

Came, N.A. (2011) Bone-marrow plasma cell

burden correlates with IgM paraprotein concen-

tration in Waldenstrom macroglobulinaemia.

Journal of Clinical Pathology, 64, 520–523.

Phekoo, K.J., Jack, R.H., Davies, E., Moller, H. &

Schey, S.A. (2008) The incidence and survival of

Waldenstrom’s macroglobulinaemia in South

East England. Leukemia Research, 32, 55–59.

Poulain, S., Dervite, I., Leleu, X., Fernandes, J.,

Stalnikiewicz, L., Moreau, A.S., Coiteux, V., de

Botton, S., Duthilleul, P. & Morel, P. (2006)

Autoimmune hemolytic anemias and IgG anti-

erythrocyte autoantibodies in Waldenstrom’s

macroglobulinemia: association with Fcgam-

maRIIa polymorphism. Leukemia, 20, 1179–

1181.

Riches, P.G., Sheldon, J., Smith, A.M. & Hobbs,

J.R. (1991) Overestimation of monoclonal

immunoglobulin by immunochemical methods.

Annals of Clinical Biochemistry, 28(Pt 3), 253–

259.

Rosencranz, R. & Bogen, S.A. (2006) Clinical labo-

ratory measurement of serum, plasma, and

blood viscosity. American Journal of Clinical

Pathology, 125(suppl.), S78–S86.

Rummel, M.J., Lerchenmuller, C., Greil, R., Gorn-

er, M., Hensel, M., Engel, E., Jaeger, U., Breuer,

F., Hertenstein, B., Prummer, O., Buske, C.,

Barth, J., Burchardt, A.C. & Brugger, W. (2012)

Bendamustin-rituximab induction followed by

observation or rituximab maintenance for newly

diagnosed patients with Waldenstrom’s macro-

globulinemia: results from a prospective,

randomized, multicenter study (StiL NHL

7-2008 -MAINTAIN-; ClinicalTrials.gov Identi-

fier: NCT00877214). Blood (ASH Annual Meet-

ing Abstracts), 120, 2739.

Rummel, M.J., Niederle, N., Maschmeyer, G.,

Banat, G.A., von Grunhagen, U., Losem, C.,

Kofahl-Krause, D., Heil, G., Welslau, M., Balser,

C., Kaiser, U., Weidmann, E., Durk, H., Ballo,

H., Stauch, M., Roller, F., Barth, J., Hoelzer, D.,

Hinke, A. & Brugger, W.; Study group indolent

Lymphomas (StiL) (2013) Bendamustine plus

rituximab versus CHOP plus rituximab as first-

line treatment for patients with indolent and

mantle-cell lymphomas: an open-label, multi-

centre, randomised, phase 3 non-inferiority trial.

Lancet, 381, 1203–1210.

San Miguel, J.F., Vidriales, M.B., Ocio, E., Mateo,

G., Sanchez-Guijo, F., Sanchez, M.L., Escribano,

L., Barez, A., Moro, M.J., Hernandez, J., Aguil-

era, C., Cuello, R., Garcia-Frade, J., Lopez, R.,

Portero, J. & Orfao, A. (2003) Immunopheno-

typic analysis of Waldenstrom’s macroglobuline-

mia. Seminars in Oncology, 30, 187–195.

Schollkopf, C., Kjeldsen, L., Bjerrum, O.W., Mour-

its-Andersen, H.T., Nielsen, J.L., Christensen,

B.E., Jensen, B.A., Pedersen, B.B., Taaning, E.B.,

Klausen, T.W. & Birgens, H. (2006) Rituximab

in chronic cold agglutinin disease: a prospective

study of 20 patients. Leukaemia & Lymphoma,

47, 253–260.

Schop, R.F., Kuehl, W.M., Van Wier, S.A.,

Ahmann, G.J., Price-Troska, T., Bailey, R.J.,

Jalal, S.M., Qi, Y., Kyle, R.A., Greipp, P.R. &

Fonseca, R. (2002) Waldenstrom macroglobulin-

emia neoplastic cells lack immunoglobulin heavy

chain locus translocations but have frequent 6q

deletions. Blood, 100, 2996–3001.

Schwartz, J., Winters, J.L., Padmanabhan, A., Balo-

gun, R.A., Delaney, M., Linenberger, M.L.,

Szczepiorkowski, Z.M., Williams, M.E., Wu, Y.

& Shaz, B.H. (2013) Guidelines on the use of

therapeutic apheresis in clinical practice-evi-

dence-based approach from the Writing Com-

mittee of the American Society for Apheresis:

the sixth special issue. Journal of Clinical Aphere-

sis, 28, 145–284.

Steck, A.J., Stalder, A.K. & Renaud, S. (2006) Anti-

myelin-associated glycoprotein neuropathy. Cur-

rent Opinion in Neurology, 19, 458–463.

Stone, M.J. (2009) Waldenstrom’s macroglobuline-

mia: hyperviscosity syndrome and cryoglobulin-

emia. Clinical Lymphoma and Myeloma, 9,

97–99.

Stone, M.J. & Bogen, S.A. (2012) Evidence-based

focused review of management of hyperviscosity

syndrome. Blood, 119, 2205–2208.

Tedeschi, A., Benevolo, G., Varettoni, M., Battista,

M.L., Zinzani, P.L., Visco, C., Meneghini, V.,

Pioltelli, P., Sacchi, S., Ricci, F., Nichelatti, M.,

Zaja, F., Lazzarino, M., Vitolo, U. & Morra, E.

(2012) Fludarabine plus cyclophosphamide and

rituximab in Waldenstrom macroglobulinemia:

an effective but myelosuppressive regimen to be

offered to patients with advanced disease. Can-

cer, 118, 434–443.

Terrier, B., Krastinova, E., Marie, I., Launay, D.,

Lacraz, A., Belenotti, P., de Saint-Martin, L.,

Quemeneur, T., Huart, A., Bonnet, F., Le Guen-

no, G., Kahn, J.E., Hinschberger, O., Rullier, P.,

Diot, E., Lazaro, E., Bridoux, F., Zenone, T.,

Carrat, F., Hermine, O., Leger, J.M., Mariette,

X., Senet, P., Plaisier, E. & Cacoub, P. (2012)

Management of noninfectious mixed cryoglobu-

linemia vasculitis: data from 242 cases included

in the CryoVas survey. Blood, 119, 5996–6004.

Thomas, S.K., Delasalle, K.B., Shah, J.J., Wang, L.,

Orlowski, R.Z. & Weber, D.M. (2012) Impact of

rituximab On the treatment of Waldenstr€om’s

macroglobulinemia. Blood (ASH Annual Meeting

Abstracts), 120, 2734.

Treleaven, J., Gennery, A., Marsh, J., Norfolk, D.,

Page, L., Parker, A., Saran, F., Thurston, J. &

Webb, D. (2011) Guidelines on the use of irra-

diated blood components prepared by the Brit-

ish Committee for Standards in Haematology

blood transfusion task force. British Journal of

Haematology, 152, 35–51.

Treon, S.P. (2009) How I treat Waldenstrom mac-

roglobulinemia. Blood, 114, 2375–2385.

Treon, S.P., Agus, T.B., Link, B., Rodrigues, G.,

Molina, A., Lacy, M.Q., Fisher, D.C., Emman-

ouilides, C., Richards, A.I., Clark, B., Lucas,

M.S., Schlossman, R., Schenkein, D., Lin, B.,

Guideline

ª 2014 John Wiley & Sons Ltd, British Journal of Haematology 17



Kimby, E., Anderson, K.C. & Byrd, J.C. (2001)

CD20-directed antibody-mediated immunother-

apy induces responses and facilitates hematolog-

ic recovery in patients with Waldenstrom’s

macroglobulinemia. Journal of Immunotherapy,

24, 272–279.

Treon, S.P., Emmanouilides, C., Kimby, E., Kelli-

her, A., Preffer, F., Branagan, A.R., Anderson,

K.C. & Frankel, S.R. (2005) Extended rituximab

therapy in Waldenstrom’s macroglobulinemia.

Annals of Oncology, 16, 132–138.

Treon, S.P., Hunter, Z.R., Aggarwal, A., Ewen,

E.P., Masota, S., Lee, C., Santos, D.D.,

Hatjiharissi, E., Xu, L., Leleu, X., Tournilhac,

O., Patterson, C.J., Manning, R., Branagan, A.R.

& Morton, C.C. (2006) Characterization of

familial Waldenstrom’s macroglobulinemia.

Annals of Oncology, 17, 488–494.

Treon, S.P., Hunter, Z.R., Matous, J., Joyce, R.M.,

Mannion, B., Advani, R., Cook, D., Songer, J.,

Hill, J., Kaden, B.R., Sharon, D., Steiss, R.,

Leleu, X., Branagan, A.R. & Badros, A. (2007)

Multicenter clinical trial of bortezomib in

relapsed/refractory Waldenstrom’s macroglobu-

linemia: results of WMCTG Trial 03-248. Clini-

cal Cancer Research, 13, 3320–3325.

Treon, S.P., Soumerai, J.D., Branagan, A.R., Hun-

ter, Z.R., Patterson, C.J., Ioakimidis, L., Bricc-

etti, F.M., Pasmantier, M., Zimbler, H., Cooper,

R.B., Moore, M., Hill, J. 2nd, Rauch, A., Garbo,

L., Chu, L., Chua, C., Nantel, S.H., Lovett, D.R.,

Boedeker, H., Sonneborn, H., Howard, J.,

Musto, P., Ciccarelli, B.T., Hatjiharissi, E. &

Anderson, K.C. (2008) Thalidomide and ritux-

imab in Waldenstrom macroglobulinemia.

Blood, 112, 4452–4457.

Treon, S.P., Branagan, A.R., Ioakimidis, L.,

Soumerai, J.D., Patterson, C.J., Turnbull, B.,

Wasi, P., Emmanouilides, C., Frankel, S.R., Lis-

ter, A., Morel, P., Matous, J., Gregory, S.A. &

Kimby, E. (2009a) Long-term outcomes to flu-

darabine and rituximab in Waldenstrom macro-

globulinemia. Blood, 113, 3673–3678.

Treon, S.P., Ioakimidis, L., Soumerai, J.D., Patter-

son, C.J., Sheehy, P., Nelson, M., Willen, M.,

Matous, J., Mattern, J. 2nd, Diener, J.G., Keogh,

G.P., Myers, T.J., Boral, A., Birner, A., Esseltine,

D.L. & Ghobrial, I.M. (2009b) Primary therapy

of Waldenstrom macroglobulinemia with bort-

ezomib, dexamethasone, and rituximab:

WMCTG clinical trial 05-180. Journal of Clinical

Oncology, 27, 3830–3835.

Treon, S.P., Soumerai, J.D., Branagan, A.R., Hun-

ter, Z.R., Patterson, C.J., Ioakimidis, L., Chu, L.,

Musto, P., Baron, A.D., Nunnink, J.C., Kash,

J.J., Terjanian, T.O., Hyman, P.M., Nawfel, E.L.,

Sharon, D.J., Munshi, N.C. & Anderson, K.C.

(2009c) Lenalidomide and rituximab in Walden-

strom’s macroglobulinemia. Clinical Cancer

Research, 15, 355–360.

Treon, S.P., Yang, G., Hanzis, C., Ioakimidis, L.,

Verselis, S.J., Fox, E.A., Xu, L., Hunter, Z.R.,

Tseng, H., Manning, R.J., Patterson, C.J., Shee-

hy, P. & Turnbull, B. (2011a) Attainment of

complete/very good partial response following

rituximab-based therapy is an important deter-

minant to progression-free survival, and is

impacted by polymorphisms in FCGR3A in

Waldenstrom macroglobulinaemia. British Jour-

nal of Haematology, 154, 223–228.

Treon, S.P., Hanzis, C., Manning, R.J., Ioakimidis,

L., Patterson, C.J., Hunter, Z.R., Sheehy, P. &

Turnbull, B. (2011b) Maintenance Rituximab is

associated with improved clinical outcome in

rituximab naive patients with Waldenstrom

Macroglobulinaemia who respond to a ritux-

imab-containing regimen. British Journal of Hae-

matology, 154, 357–362.

Treon, S.P., Hanzis, C., Tripsas, C., Ioakimidis, L.,

Patterson, C.J., Manning, R.J. & Sheehy, P.

(2011c) Bendamustine therapy in patients with

relapsed or refractory Waldenstrom’s macro-

globulinemia. Clinical Lymphoma, Myeloma and

Leukemia, 11, 133–135.

Treon, S.P., Soumerai, J.D., Hunter, Z.R., Patter-

son, C.J., Ioakimidis, L., Kahl, B. & Boxer, M.

(2011d) Long-term follow-up of symptomatic

patients with lymphoplasmacytic lymphoma/

Waldenstrom macroglobulinemia treated with

the anti-CD52 monoclonal antibody ale-

mtuzumab. Blood, 118, 276–281.

Treon, S.P., Xu, L., Yang, G., Zhou, Y., Liu, X.,

Cao, Y., Sheehy, P., Manning, R.J., Patterson,

C.J., Tripsas, C., Arcaini, L., Pinkus, G.S., Rodig,

S.J., Sohani, A.R., Harris, N.L., Laramie, J.M.,

Skifter, D.A., Lincoln, S.E. & Hunter, Z.R.

(2012) MYD88 L265P somatic mutation in Wal-

denstrom’s macroglobulinemia. New England

Journal of Medicine, 367, 826–833.

de Tute, R.M., Rawstron, A.C. & Owen, R.G.

(2013) Immunoglobulin M concentration in

Waldenstrom macroglobulinemia: correlation

with bone marrow B cells and plasma cells.

Clinical Lymphoma, Myeloma and Leukemia, 13,

211–213.

Varettoni, M., Arcaini, L., Zibellini, S., Boveri, E.,

Rattotti, S., Riboni, R., Corso, A., Orlandi, E.,

Bonfichi, M., Gotti, M., Pascutto, C., Mangia-

cavalli, S., Croci, G., Fiaccadori, V., Morello, L.,

Guerrera, M.L., Paulli, M. & Cazzola, M. (2013)

Prevalence and clinical significance of the

MYD88 (L265P) somatic mutation in Walden-

strom’s macroglobulinemia and related lym-

phoid neoplasms. Blood, 121, 2522–2528.

Varghese, A.M., Sayala, H., Evans, P.A., O’Connor,

S.J., Patmore, R., Hillmen, P. & Owen, R.G.

(2008) Development of EBV-associated diffuse

large B-cell lymphoma in Waldenstrom macro-

globulinemia and mantle cell lymphoma. Leu-

kaemia & Lymphoma, 49, 1618–1619.

Varghese, A.M., Rawstron, A.C., Ashcroft, A.J.,

Moreton, P. & Owen, R.G. (2009) Assessment

of bone marrow response in Waldenstrom’s

macroglobulinemia. Clinical Lymphoma and

Myeloma, 9, 53–55.

Wechalekar, A.D., Lachmann, H.J., Goodman,

H.J., Bradwell, A., Hawkins, P.N. & Gillmore,

J.D. (2008) AL amyloidosis associated with IgM

paraproteinemia: clinical profile and treatment

outcome. Blood, 112, 4009–4016.

Xu, L., Hunter, Z.R., Yang, G., Zhou, Y., Cao, Y.,

Liu, X., Morra, E., Trojani, A., Greco, A., Arca-

ini, L., Varettoni, M., Brown, J.R., Tai, Y.T.,

Anderson, K.C., Munshi, N.C., Patterson, C.J.,

Manning, R.J., Tripsas, C.K., Lindeman, N.I. &

Treon, S.P. (2013) MYD88 L265P in Walden-

strom macroglobulinemia, immunoglobulin M

monoclonal gammopathy, and other B-cell lym-

phoproliferative disorders using conventional

and quantitative allele-specific polymerase chain

reaction. Blood, 121, 2051–2058.

18 ª 2014 John Wiley & Sons Ltd, British Journal of Haematology

Guideline


