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Abstract: After 77 years since the initial description, Waldenström macroglobulinemia 
(WM) remains as a bone marrow neoplastic disorder with lymphoplasmacytic differentiation 
oversecreting a monoclonal immunoglobulin M (IgM). However, many biological and 
genetic aspects of this entity have been unraveled and it is now easy to correctly diagnose 
patients with this illness. The diagnosis requires the presence of a monoclonal IgM compo
nent and bone marrow lymphoid infiltration must be demonstrated. In addition, other small 
B-cell lymphoid neoplasms with plasma cell differentiation must be discarded. Although the 
clinical picture is highly heterogeneous, the diagnosis is much easier today compared to the 
past, since now we can demonstrate the presence of somatic mutations, especially the L265P 
mutation in the MYD88 gene, highly characteristic of WM (>90% of the patients), followed 
by the WHIM-like mutations in the CXCR4 gene (~35%). The identification of these 
mutations is very important, because they can modulate the response to new treatments 
with Bruton’s tyrosine kinase (BTK) inhibitors. Thus, the conventional prognostic factors 
that predict the outcome of these patients (anemia, thrombopenia, high M component, high 
B2M, and advanced age), must be complemented with the genetic evaluation of the patient, 
that can help us in the prediction of the risk of transformation from asymptomatic to 
symptomatic forms (Del6q) and/or from indolent forms of the disease to aggressive lym
phomas (CD79b mutations). 
Keywords: Waldenström’s macroglobulinemia, IgM-MGUS, pathology, biology, diagnosis, 
prognosis

Introduction
Waldenström’s macroglobulinemia (WM) is a B-cell lymphoproliferative disorder 
which is defined by bone marrow (BM) infiltration by small lymphocytes, lympho
plasmacytoid cells and plasma cells together with the presence of a detectable mono
clonal immunoglobulin M (IgM).1,2 According to the 2008 World Health Organization 
(WHO) classification system of lymphoid neoplasms, the pathological disorder under
lying WM is a lymphoplasmacytic lymphoma (LPL).3 By the end of 2011, 
a remarkable fact that has changed the view of WM was presented at this year annual 
meeting of the American Society of Hematology, as it was the presence of the 
MYD88L265P mutation in most cases of this disease,4 which has been highlighted in 
the last 2016 WHO classification of lymphoid malignancies.5 Other recent advances in 
the genomic profiling of patients with Waldenström macroglobulinemia (WM) have 
enhanced our understanding of its pathogenesis.6,7 Thus, the highly recurring somatic 
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mutation in the MYD88L265P is now recognized in >95% of 
cases, while CXCR4 mutations are present in 30–40% of 
WM patients.6–8 Such studies have also shown that the 
genomic status can impact not only the diagnosis but also 
the clinical presentation, treatment outcome and overall 
survival of patients.6,7

Classification and Epidemiology
WM patients may have a long asymptomatic course, called 
Smoldering WM, also known as asymptomatic WM (AWM). 
Although some authors have defined AWM as a WM with 
a serum monoclonal IgM ≥30 g/l and/or ≥10% BM lympho
plasmacytic infiltration without end-organ damage,9 the 
International Waldenström’s Macroglobulinemia Group 
(IWMG)1,2 and the WHO1,2 consider that it would be inap
propriate to suggest disease definitions based on arbitrary 
values for laboratory parameters, such as IgM concentration 
and percentage of BM lymphocytes. Thus, patients with an 
IgM monoclonal protein and unequivocal evidence of BM 
infiltration by lymphoplasmacytic lymphoma should be con
sidered to have WM irrespective of the IgM concentration. 
Then, when we are in front of an asymptomatic patient with an 
IgM monoclonal component in the absence of unequivocal 
BM or other tissue infiltration, an IgM Monoclonal 
Gammopathy of Uncertain Significance (IgM-MGUS) must 
be diagnosed. We still can have a small group of patients with 
an IgM monoclonal component, with no demonstrable tissue 
infiltration but pathological consequences of the IgM protein, 
such as peripheral neuropathy, amyloidosis, or skin lesions 
among others; in these cases, we will be in front of a so-called 
IgM related disorder. Finally, we also can see some isolated 

patients with IgM monoclonal component and some tissue 
infiltration by LPL but in the absence of BM infiltration; 
such patients should be considered as ‘pure’ LPL, together 
with those rare cases in whom the M-component is an IgG 
and/or IgA. These definitions can be found in Table 1.

WM represents approximately 1–2% of all hematologic 
malignancies with 150–200 new cases per year in Spain.10 

WM mostly occurs in adult Caucasians with a median age in 
the seventh decade of life. The annual incidence of WM is 3– 
4 cases per million persons per year and increase with the age 
or familial predisposition that is observed in approximately 
20% of patients.11,12 Virus C Hepatitis is also associated with 
WM.13 IgM monoclonal gammopathy of undetermined sig
nificance (IgM-MGUS) and AWM are defined as clinical 
precursor states to symptomatic WM.14 Thus, patients with 
IgM-MGUS have a 10.8 higher relative risk of developing 
WM.15

Clinical Features
The clinical presentation of WM is variable (Tables 2 and 
3). Symptoms can be related to tumor infiltration, either in 
the BM or as extramedullary infiltration, or they can be 
related to specific immunological or chemical properties of 
the monoclonal component.

Symptoms and Signs Derived from 
Lymphoma Infiltration
B Symptoms
In symptomatic WM patients, the presence of B symptoms 
including fever, night sweats, and weight loss is not 
uncommon.

Table 1 Classification of Immunoproliferative Disorders with Monoclonal IgM

Symtomsa 

Attributtable to 
Tissue Infiltration

Symtomsb 

Attributable to IgM
Bone Marrow 
Infiltrationc

Ig Monoclonal Proteinb

Symptomatic WM (+) (+) (+) IgM
Asymptomatic WM (–) (–) (+) IgM

IgM-related disordersd (–) (+)c (–)b IgM

IgM MGUS (–) (–) (–)b IgM
Lymphoplasmacytic 

lymphomae

(+/–) (+/–) (+/–) IgM > IgG > IgA or absent

Notes: aSymptoms attributable to tumor infiltration will include any of the following manifestations: B symptoms, cytopenia(s), or symptomatic organ infiltration (ie central 
nervous system: Bing-Neel syndrome). bThere is no definition of an IgM concentration threshold to differentiate between MGUS and WM. cPatients with demonstrated 
bone marrow infiltration by lymphoplasmacytic lymphoma have a WM, while patients without evidence of infiltration have an MGUS. Detection of clonal B-cells by flow 
cytometry or MYD88 L265P mutation by polymerase chain reaction will help in this definition, but in the absence of morphological evidence of bone marrow infiltration 
these patients should still be classified as having an MGUS. dThere are patients who have symptoms attributable to the IgM monoclonal protein but no overt evidence of 
tissue infiltration by LPL. These patients may show peripheral neuropathy, Schnitzler Syndrome, symptomatic cryoglobulinemia, amyloidosis, or cold agglutinin disease. 
eAnatomo-clinical entity present in patients in whom, having a lesion with histological diagnosis of LPL, there are no criteria of WM (they lack on IgM M-component and/or 
bone marrow infiltration). As other indolent lymphomas they can have or not of symptoms related to the infiltration or M-component.
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Bone Marrow Failure
Diagnosis of WM requires the presence of lymphoplasmacytic 
lymphoma in the BM (Table 2) with or without other histolo
gical infiltration. A BM aspiration and biopsy, together with 
immunophenotyping and genetics will establish the diagnosis 
of WM and will help to differentiate it from IgM MGUS, IgM 

multiple myeloma (MM) and other IgM-secreting lymphopro
liferative disorders, such as marginal zone lymphoma (MZL) 
and chronic lymphocytic leukemia (CLL).16–18 A typical 
effect of BM infiltration is anemia that is the most common 
symptom of WM and the usual cause to start therapy. Anemia 
is due to BM infiltration, but iron metabolism dysfunction and 

Table 2 Inside the Bone Marrow: Histology, Immunophenotype and Molecular Features

Bone Marrow Relevant Findings

Morphological 
evaluation

Pleomorphic B lineage cells at different stages of maturation: B lymphocyte cells with lymphoplasmacytic differentiation with 
small population of clonal plasma cells. The presence of prominent mast cells is frequent.

Flow cytometry 1) B-cell monoclonal population: 
sIgM +,CD19+,CD20+,CD22 +,CD79 +, CD25+, CD27+, FMC7+, BCL-2+, 

Up to 10–20% of WM cases may be CD5+, CD10+, or CD23+. 

2) Plasma cell population: CD138+ CD38++, CD19+, CD45+, CD56-, CD117-

Molecular aspects MYD88 L265P mutation: > 90%. The presence of MYD88 L265P mutation supports the diagnosis of WM 
CXCR4 mutation: 30–40%

Cytogenetics 6q21 deletion, is the most common cytogenetic abnormality reported in 30–60% of WM patients (can be seen by 
fluorescence in situ hybridization, FISH)

Histology Diffuse, interstitial and /or nodular infiltration of small B lymphocytes, lymphoplasmacytoid and plasma cells, with the 
predominately intertrabecular pattern associated with the restriction of light chains.

Table 3 Outside the Bone Marrow: IgM Related Symptoms

Clinical Features IgM Related Disease

New onset headaches, blurred vision, mucosal bleeding, hearing loss, tinnitus, neurologic disorders, retinopathy 

and retinal hemorrhage

Hyperviscosity

Distal, symmetric, progressive, sensorio-motor peripheral neuropathies with predominantly demyelinating 

features in the nerve conduction studies. (50% of cases anti-MAG +) 

IgM antibodies against other neural targets: gangliosides GM1, GD1a, GD1b, GT1b, GM2 and GM3 and the 
paragloboside, sulphate-3-glucuronyl para-globoside (SGPG).

Peripheral neuropathies related 

to IgM

Raynaud like symptoms, acrocyanosis, ulcerations on extremities, purpura, cold urticaria Cryoglobulinemia I

Arthralgias, sensorimotor neuropathies, purpura, renal failure. Cryoglobulinemia II

Extra vascular Hemolytic anemia (cold exposure), Raynaud phenomenon, acrocyanosis. Cold agglutinins

Recurrent thrombotic events Antiphospholipid syndrome

Peripheral sensory neuropathies with axonal pattern associated with autonomic nerve dysfunction. 

Other organ involvements: kidneys, heart, lung, liver and Gastointestinal tracts.

Amyloidosis AL

Chronic urticarial eruptions, recurrent fever, arthralgia ± lymphadenopathy Schnitzler’s Syndrome, 

(Auto-inflammatory disease)

Renal Failure ± Proteinuria (Moncolnal- IgM +/_ Light chain deposition) Proliferative glomerulonephritis, 

Amyloidosis AL 
Cryoglobulinaemia II
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hemolysis can play a role. Iron deficiency is very common in 
WM because hepcidin, a negative regulator of iron absorption, 
is elevated in the serum of WM patients, probably related with 
the MYD88 alterations.19,20 Other cytopenias, as leukopenia 
and thrombocytopenia can also be present in around 15% of 
patients.

Extra-Medullary Disease (EMD)
At diagnosis, 10–15% of WM patients have EMD: lym
phadenopathy, hepatosplenomegaly, pleural or abdominal 
effusions, among others (Table 3). At relapse, nearly 60% 
of patients can present adenopathy. The IWMG recom
mends an initial assessment of EMD by imaging in all 
new diagnosed patients, and at the time of relapse.21 In 
a retrospective single center study in Dana-Farber Cancer 
Institute, among 985 patients with WM that were evalu
ated at diagnosis, only 4.4% of patients have extranodal/ 
extramedullary disease; 21% of them presented EMD at 
diagnosis and 79% developed EMD during the outcome. 
Most frequent EMD sites involved were lungs (30%), soft 
tissue (21%), cerebrospinal fluid (23%), kidneys (8%), and 
bones (9%).22

Bing-Neel Syndrome (BNS) is a rare but interesting 
presentation of WM, observed in about 1% of patients. 
BNS should be suspected in patients with WM who 
develop central neurological symptoms. Such symptoms 
include motor deficits, balance disorder, gait abnormal
ities, cranial nerve deficits, seizures, headaches, and atypi
cal peripheral neuropathy. The gold standard for BNS 
diagnosis is the demonstration of WM cells on cerebro 
spinal fluid (CSF) examination or brain biopsy. The eva
luation of these patients should include brain and whole 
spine magnetic resonance imaging with gadolinium 
enhancement, and CSF sampling. CSF should be evaluated 
by morphology, flow cytometry and molecular studies.23 

Flow cytometry of CSF is the most sensitive technique to 
detect tumor cells in the central nervous system,24 but 
PCR assays to detect IGH gene rearrangements and 
mutated MYD88L265Pon CSF can also help to support 
the diagnosis of BNS. In patients with focal brain lesions 
but no CSF involvement, a stereotaxic biopsy should be 
programmed.23

Symptoms Related to IgM
IgM paraprotein can cause specific complications due to 
its physical-chemical properties, autoantibody activity, tis
sue deposition and non-specific interactions with other 
proteins.

Hyperviscosity Syndrome (HVS)
Hyperviscosity syndrome (HVS) related to high IgM 
levels is a hallmark of symptomatic WM. It has been 
described in 10–15% of cases with variable manifestations 
that include headache, blurred vision, confusion, and 
mucosal bleeding.25 We should identify patients at high 
risk of symptomatic hyperviscosity that might support the 
decision to treat asymptomatic patients before irreversible 
damage occurs. Although the size of the monoclonal com
ponent is not exactly related to symptoms, they are rarely 
observed with a serum IgM level below 3 g/dL, while they 
are frequent in patients with a serum IgM ≥6 g/dL (median 
time to symptomatic hyperviscosity of ~3 months).26 The 
funduscopic examination is very reliable to detect clini
cally significant hyperviscosity by seeing changes in the 
retinal vessels. Plasmapheresis should be carried out as an 
emergency procedure in high-risk HVS patients. The panel 
of the 8th International workshop on WM recommended 
that patients with serum IgM levels >3g/dL should 
undergo funduscopic evaluation by an experienced 
ophthalmologist to identify vessel tortuosity/retinal 
hemorrhages.21 These findings would suggest the need 
for immediate therapy.

Cryoglobulins
Cryoglobulinemia refers to the presence of serum proteins 
(immunoglobulins) with heterogeneous etiopathogenetic 
and immunochemical properties that precipitate at the 
temperatures below 37°C [98.6 F] and redissolve at 
37°C. Cryoglobulins can deposit in medium and large- 
sized blood vessels, leading to a systemic inflammatory 
syndrome characterized by fatigue, arthralgia, purpura, 
neuropathy, glomerulonephritis, endothelial injury and 
end-organ damage. Brouet criteria classify cryoglobuline
mia into three (I, II & III) subgroups based on their 
immunoglobulin (Ig) composition.27 Type 
I cryoglobulinemia, which develops in the setting of pro
tein-secreting monoclonal gammopathies, is the one 
usually associated to WM. It is characterized by Raynaud 
phenomenon, acrocyanosis ulcers, purpura and cold urti
caria. In contrast, in type II or mixed cryoglobulinemia, 
the cryoglobulins are composed of a mix of monoclonal 
IgM with rheumatoid factor (RF) activity and polyclonal 
IgG, usually associates Hepatitis C virus infection, and 
leads to purpura, renal failure, arthralgias and sensorimo
tor neuropathies.28 Type III is characterized by polyclonal 
IgM with RF activity and polyclonal IgG, and it is not 
associated to WM.
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Accordingly, in WM patients suspected of having cryo
globulins, serum samples should be obtained in a warm 
bath to avoid cryoprecipitation. Plasmapheresis will be 
a choice of therapy in WM patients with severe cryoglo
bulinemia. A blood warmer will be necessary to prevent 
cryoglobulin precipitation during plasmapheresis.27

Cold Agglutinin Syndrome (CAD)
Another cause of Anemia is hemolysis in WM patients. 
A hemolytic panel including reticulocyte counts, lactate dehy
drogenase, haptoglobin, direct Coombs test, and cold aggluti
nins should be performed, in all patients with anemia and WM. 
We should think about of CAD, if the WM patient presents 
hemoglobinuria after cold exposure.29 CAD is produced by 
IgM with immunological activity: IgM acts as an autoantibody 
against red blood cell antigens, producing Hemolytic anemia, 
and sometimes Raynaud phenomenon, acrocyanosis, and 
livedo reticularis. In patients with severe cold agglutininemia, 
plasmapheresis should be started promptly to remove cold 
agglutinins.

Polyneuropathy
The prevalence of peripheral neuropathy (PNP) in WM at 
diagnosis is around 30%, but 50% of them can be affected at 
some time during the course of their disease.30 Although PNP 
may be related to lymphoplasmacytic infiltration nerve fibers, 
it most commonly is due to IgM deposition, presence of 
autoantibodies, cryoglobulinemia or amyloidosis.

When a WM patient is suspected to be affected by 
PNP, the first point to evaluate is whether or not the 
monoclonal gammopathy is the cause of PNP. 
The second point will be to distinguish if the PNP can 
be associated to specific plasma cell disorders, such as 
primary amyloidosis, that could have a specific approach 
and treatment.31

Usually, IgM monoclonal gammopathy associated PNP 
presents as a distal, acquired, demyelinating, and sym
metric neuropathy with M protein (DADS-M).31 Nerve 
conduction tests should be performed in all WM patients, 
and different patterns of nerve damage can appear: demye
linating, axonal or mixture pattern. All these patients 
should be tested for myelin-associated globulin antibodies 
(anti-MAG antibodies). A clinically significant result 
[>70.000 Bühlmann Titer Units (BTU)] strongly suggests 
a PNP caused by the M-component. Up to 50% of patients 
with IgM-associated demyelinating PNP have anti-MAG 
antibodies in the setting of IgM MGUS or WM.31 If anti- 
MAG are negative, patients should be tested for antibodies 

against other neural targets, including the gangliosides 
GM1, GD1a, GD1b, GT1b, GM2 and GM3 and the para
globoside, sulphate-3-glucuronyl para-globoside (SGPG). 
GM1 antibodies may be causally associated with 
a multifocal motor neuropathy, as well as IgM GD1b 
antibodies. IgM disialosyl antibodies could be associated 
with CANOMAD: Chronic Ataxic Neuropathy with 
Ophthalmoplegia, M-protein, cold Agglutinins and 
Disialosyl ganglioside (IgM Anti-GD1b/ GT1b/GQ1b) 
antibodies.32 In CANOMAD, nerve conduction tests 
show a mixed pattern of axonal loss and demyelinating 
features. 30–40% of IgM-related demyelinating neuropa
thies have no identifiable antibodies.30 In these cases, 
clinical judgment is the only possibility to connect IgM 
and PNP. It is important to identify them, because treat
ment could be needed to avoid a prolonged demyelination, 
that can induce irreversible axonal damage. In addition, 
other causes of PNP should be always ruled out: diabetes, 
cobalamin deficiency, thyroid dysfunction, etc.33

Amyloidosis
Systemic immunoglobulin light-chain (AL) amyloidosis is 
a rare complication of WM caused by the aggregation of 
misfolded proteins that deposit as fibrils in several organs, 
including kidneys, heart, peripheral nerves, liver, and gas
trointestinal tract. Monoclonal IgM-related light chain AL 
accounts for 6% of all cases of AL.34 Several studies have 
shown that the pattern of organ involvement is different 
from non-IgM Amyloidosis, with higher frequencies of 
lung, soft tissue, and peripheral nervous system involve
ment, and lower frequencies of heart.34,35 In these cases, 
PNP is usually due to amyloid deposition in the nerves. 
The neuropathy in AL amyloidosis often has an axonal 
pattern whereas IgM monoclonal gammopathy associated 
PNP without amyloidosis often has a demyelinating nat
ure. Autonomic function also tends to be impaired in 
neuropathy associated with AL amyloidosis, which is not 
frequent in non-amyloidotic WM neuropathy. The prog
nosis of patients with IgM-related AL amyloidosis might 
be more favorable than those with non-IgM AL 
amyloidosis.36

Diagnosis
The diagnosis of WM is clinicopathological, requiring the 
histologic evidence of BM infiltration by LPL as well as 
the presence of an IgM monoclonal gammopathy detected, 
at least, by immunofixation.1,21,37 A summary of the tests 
that are essential or highly recommended to be performed 
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during the diagnostic work-up of patients with WM is 
shown in Table 4.

Laboratory Findings
Hemogram
50–70% of patients have normocytic and central anemia, 
although a peripheral component can also be found (blood 
loss, cold agglutinins, hemodilution).21 White blood cells 
are usually normal, but lymphocytosis (>4×109/L) is pre
sent in one-fourth of patients, usually monoclonal, and 
neutropenia is possible. Thrombopenia only appears in 
<20% of cases. Blood smear shows stacks or aggregations 
of red blood cells (rouleaux phenomenon) due to parapro
teinemia, and sed rate (SR) is increased.

Biochemistry
The biochemistry of patients with WM is usually normal. 
Renal damage can occur in patients with WM, but they 
guide more towards the diagnosis of IgM myeloma. The 
biochemical profile can also provide data of hemolysis 
and/or other organ lesions, related or not to WM.21

Viscosity is usually increased in WM because in 
serum and plasma it is mainly determined by proteins. 
Among them, IgM has one of the highest molecular 
weight (950 kDa), with a high length/width ratio and 
the possibility of pentamerize.25 This provides a very 
high intrinsic viscosity to IgM, being responsible of 
plasma viscosity in a higher way than any other immu
noglobulin. Thus, while 5000 mg/L of IgM easily 

promote HVS, an IgA component would require 
a serum level higher than 7000 mg/dL.

Serum and Urinary Proteinogram
Total proteins are increased by IgM paraprotein. 
Electrophoresis reveals the existence of a monoclonal IgM 
band that must be identified by immunofixation. Unlike 
MM, the levels of polyclonal Ig (IgG and IgA) are usually 
normal (immunoparesis is rare in WM),1 but this could 
change with novel tests, such as free Heavy/Light chain 
assessment.38 Finally, 30–50% of WM patients present 
with Bence Jones proteinuria, generally low (<2 g/24 hours).

The determination of serum-free light chains (sFLC) is 
a useful study in MW, since it avoids interpretation pro
blems derived from the polymerization of the IgM chains. 
sFLC assessment has a prognostic value, because patients 
with >60 mg/L of the involved light chain have less 
hemoglobin (Hb) and more Beta2microglobulin (B2M),39 

and patients with >80 mg/L of involved light chain had 
more progressive disease and shorter treatment-free 
survival.38,40 The Heavy/Light chain (HLC) test could 
help to identify cases with special risk of progression.38

Detection of Tumor Traits in Peripheral Blood
Flow cytometry has demonstrated that WM cells can be 
detected in PB, but the efficacy is lower than that we can 
observe in BM.41 The MYD88L265Pcan also be detected in 
PB, but we need to use advanced techniques to increase 
the detection capacity, for instance by using CD19+ 

Table 4 Essential Evaluation of Patients with Waldenström Macroglobulinemia (WM)

Evaluation  

● Clinical history and physical examination  
● Familial history for WM and other B-cell lymphoproliferative disorders  

● Funduscopic examination: fotographic documentation  

● Review of systems

If clinically indicated  

● Cryoglobulins  
● Cold agglutinin titre  

● Serum viscosity  

● Screening for von Willebrand disease  
● 24-h urine protein quantification

Bone marrow aspiration and biopsy  
● Immunohistochemistry  

● Flow cytometry  

● Testing for MYD88 L265P gene mutation  
● FISH analysis of del(6q21) and del(17p)

Laboratory studies  
● Complete blood count  

● Complete metabolic panel  

● Serum immunoglobulin levels (IgA, IgG, IgM)  
● Serum and urine electrophoresis with immunofixation  

● Serum free light assessment  

● Serum beta-2-microglobulin level
Total body CT-scan with IV contrast  

● In patients being considered for therapy  

● PET-CT if transformation is suspected

Notes: Modified from reference 37: Castillo JJ, Garcia-Sanz R, Hatjiharissi E, Kyle RA, Leleu X, McMaster M, Merlini G, Minnema MC, Morra E, Owen RG, Poulain S, Stone 
MJ, Tam C, Varettoni M, Dimopoulos MA, Treon SP, Kastritis E. Recommendations for the diagnosis and initial evaluation of patients with WaldenströmMacroglobulinaemia: 
A Task Force from the 8th International Workshop on WaldenströmMacroglobulinaemia. Br J Haematol. 2016 Oct;175(1):77–86. doi: 10.1111/bjh.14196. Epub 2016 Jul 5. 
PMID: 27378193; PMCID: PMC5154335.
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selected cells, cell free DNA (liquid biopsy)42 or droplet 
digital PCR.43 Probably, the most efficient approach could 
be a combination of cfDNA and ddPCR, although we 
cannot forget that the presence of the mutation is not 
sufficient for WM diagnosis, while the absence of 
MYD88L265P does not completely excludes it.

Histology
The 2008 World Health Organization (WHO) classifica
tion defines LPL as a B-cell lymphoid neoplasm composed 
of small B lymphocytes, lymphoplasmacytoid cells and 
plasma cells, usually involving BM and sometimes 
lymph nodes and spleen, which does not fulfill the criteria 
for any of the other small B-cell lymphoid neoplasms.2 

Thus, LPL remains an exclusionary diagnosis because 
there are no unique and uniform clinically applicable fea
tures that characterize the small lymphoid cells or the 
plasma cells.44 LPL is characterized by BM infiltration 
of small B lymphocytes with a predominately intertrabe
cular pattern. In addition, an interstitial, nodular or diffuse 
pattern can be observed. A paratrabecular pattern of infil
tration is unusual, which help to distinguish LPL from 
other subsets of lymphoma, such as MZL that exhibits 
this paratrabecular pattern much more frequently.21 For 
the diagnosis of WM, variable numbers of plasmacytoid 
lymphocytes and plasma cells, often with positive periodic 
acid–Schiff intranuclear pseudoinclusions (Dutcher 
bodies), must also be present.44

BM biopsy (Table 2) shows the presence of light chain 
restricted lymphocytes, lymphoplasmacytoid and plasma 
cells, in which monoclonality is easy to be demonstrated 
by molecular or flow cytometric techniques in simple BM 
aspirates.45 A typical feature of LPL is the presence of 
prominent mast cells that are often recognized in the 
spicules of aspirate smears with Giemsa stain or in the 
histologic sections with tryptase immunohistochemical 
stain. Finally, LPL may also be associated with immuno
globulin deposition, amyloid, or crystal storing 
histiocytosis.2

Outside the BM, the presence of LPL is not frequently 
seen. Lymphoid tissue infiltration is often difficult to be 
assessed, especially when differential diagnosis includes 
nodal MZL, splenic MZL, or other small B-cell neo
plasms with plasmacytic differentiation. Three patterns 
of lymph node involvement by LPL have been described, 
the most classic being lymph nodes with intact sinuses, 
a relatively monotonous lymphoplasmacytic 

proliferation, small residual follicles without large germ
inal centers or prominent follicular colonization.44 In the 
spleen, LPL typically involves both the splenic white and 
red pulp with diffuse pattern. Periarteriolar aggregates of 
plasmacytoid cells, small lymphocytes, immunoblasts are 
consistent in LPL. Increased mast cells, and hemosiderin 
can also be seen. When BM is not involved and mono
clonal IgM is not present (IgG/IgA/absent 
M-component), MYD88L265P mutation is less frequently 
seen.46,47

Large cells are uncommon in LPL-IgM unless histolo
gical transformation occurs. If transformation is suspected, 
a lymph node biopsy is recommended,48 especially after 
a PET-CT scan to select one of the most actives adenopa
thies from the metabolic point of view.49

Immunophenotypic Features
Immunophenotypic evaluation is of great value in the 
differential diagnosis of B-cell lymphoproliferative disor
ders and must be performed on BM samples (Table 2). 
The immunophenotypic profile of lymphoplasmacytic 
cells in WM expresses pan B-cell antigens CD19, 
CD20, CD22, and CD79, as well as CD25+, CD27+ 
and light chain-restricted surface IgM.50,51 It is also typi
cally characterized by the lack of expression of CD5, 
CD10, CD11c, CD23 and CD103, which is in contrast 
with most other mature lymphoid malignancies, except 
MZL. However, several studies have observed that in 10– 
20% of WM cases tumor cells can express CD5, CD23 or 
CD10.52–54

Multiparametric flow cytometric immunophenotyping 
also demonstrates the presence of monoclonal plasma cells 
(PC) with the same restricted light-chain expression as the 
lymphoplasmacytic population.50 The antigenic profile of 
these plasma cells shows a phenotypic profile similar to 
normal PC and clearly different from that of myeloma 
patients: CD138+++, CD19+, CD45+, CD38+, CD56–, 
with high proportion of PC with the same light-chain 
restriction as the IgM monoclonal component seen in the 
serum.50 This means that the genetic program of the final 
B-cell differentiation is altered in WM cells, which can 
explain why Robert et al observed the abnormal co- 
expression of CD138 and PAX5 in 23% of plasma cells 
in samples from a series of LPL patients. This finding 
contrasts with MZL, where PAX5 cells (B lymphocytes) 
completely lack of CD138, while CD138+ cells (plasma 
cells) have switch off PAX5 expression.50
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Cytogenetic Features
Conventional karyotypic analysis is not mandatory for the 
routine diagnostic assessment of WM patients as it is very 
difficult to obtain tumor metaphases in vitro. 6q deletion 
(usually from 6q21 to 6q23), that can be seen by fluores
cence in situ hybridization (FISH), is the most common 
cytogenetic abnormality reported in 30–60% of WM 
patients.55–58 Such deletions are associated with more 
aggressive IgM gammopathies and a high probability of 
symptomatic transformation.58 Chromosome 6q deletions 
involve genes that modulate Nuclear Factor-κB (NF-KB), 
BCL2, Bruton Tyrosine Kinase (BTK), apoptosis and differ
entiation, which could help to explain why this deletion is 
associated with poor clinical features and a higher risk of 
symptomatic evolution. Other genes whose deletion could 
justify such relationship are genes with important regulatory 
functions, such as IBTK, HIVEP2, and FOXO3.8

FISH studies may be also be useful to detect some 
abnormalities that could help in the differential diagnosis, 
such as the detection of the t(11;14), very frequent in IgM 
myeloma60,61 and virtually absent in WM.46 In addition, it 
can detect several other abnormalities that are in common 
to other B-cell lymphoproliferative disorders: del(13q14) 
in 3–16% of cases, del(17p23) in 7–15%, del(11q22) in 
8%, +8 in 11%, and +4 in 8%.57,59–61

Molecular Genetics
MYD88 Mutations
Whole genome sequencing (WGS) in WM patients has 
identified several somatic mutations in WM.8 However, 
a mutation in the myeloid differentiation primary response 
88 (MYD88) gene, more specifically, the MYD88L265P 

mutation, is now considered the hallmark of WM (and 
LPL), since it is present in more than 90% of the 
patients.6 MYD88 is a protein adapter that activates the 
IL-1 receptor signaling pathway via interleukin-1 promot
ing BTK constitutive activation. BTK is a kinase with 
a critical role in B-cell receptor (BCR) signaling that 
regulates immune response, cell proliferation and cell 
death and seems to be directly related to B-cell lympho
proliferative disorders as WM. Although rarely, 
MYD88L265P is also present in other B cells disorders, so 
it is not completely specific of WM, by now. Some WM 
patients in whom MYD88L265P mutation is negative can 
have a MYD88 variant but placed in a different point 
respect the L265 position.62 Thus, some series reach a 
100%41 of incidence of WM patients and 87% of IgM- 

MGUS patients.46 These frequencies, together with the 
differential response to first generation BTK inhibitors 
hast prompted to some authors to consider that wild type 
MYD88 (MYD88WT) WM could be a different disease.63 

In addition, MYD88WT WM patients have a different 
genomic landscape that shows other NF-κB activating 
mutations, impart epigenomic dysregulation, or impair 
DNA damage repair (DDR). These patients show 
a shorter survival, especially if they have DDR mutations 
and a higher incidence diffuse large B-cell lymphoma 
transformation when compared with WM patients who 
carry the conventional MYD88 mutation.64

The MYD88L265P mutation is consider pathogenic in 
WM, since it leads to an amino-acid change in the 
MYD88 protein and is present in most cells and cases. It 
is an activating change and triggers interleukin-1 receptor– 
associated kinase (IRAK), Bruton’s tyrosine kinase (BTK), 
and hematopoietic cell kinase (HCK) growth and survival 
signaling, that in turn activate NF-KB-p65 dependent 
nuclear translocation and malignant cell survival.64 The 
presence of MYD88 mutation in IgM-MGUS reveals its 
role as a potential early oncogenic factor, but most of 
these IgM-MGUS patients never evolve into WM or other 
lymphoproliferative disorders, so this mutation cannot be 
considered as a unique pathogenic factor in WM.

The method and DNA source for the MYD88 mutation 
detection can affect the result.65 There is no standardized 
method for MYD88L265P mutation detection and several 
methods can be used with various approaches and detec
tion limits. This justify why the detection rate can range 
between 40% and 87% in IgM MGUS,46,66 and from 71% 
to 100% in WM.6,46,65 Currently, most authors recommend 
allele-specific polymerase chain reaction (AS-PCR)67 

which usually provides sensitivities beyond 1% and are 
sufficient for most diagnostic purposes,68 although droplet 
digital PCR are becoming more and more popular.43

CXCR4 Mutations
In 30–40% of patients with WM, tumor cells have somatic 
activating mutations in the C-terminal domain of 
C-X-Chemokine receptor type 4 (CXCR4) gene, similar 
to nonsense (NS) and frameshift (FS) germline mutations 
found in the “warts, hypogammaglobulinemia, infections 
and myelokathexis (WHIM) syndrome.8,69 CXCR4 is 
a classical G protein coupled receptor (GPCRs) located 
on chromosome 2 and acts as a conventional chemokine 
receptor, the normal ligand of CXCR4 is CXCL2 who 
coupled to CXCR4 initiate intracellular signaling cascades 
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that control chemotaxis, migration, proliferation and 
stemness.70 CXCR4 mutations in WM were the first ever 
reported in human cancer with a wide range of possibili
ties, which makes difficult to develop of a PCR-based 
diagnostic test. The most frequent (50%) mutated region 
is the amino acid S338X at position 1013 with nucleotide 
changes C > G, and C > A, both resulting in a stop codon. 
The second one is a S338 frameshift mutation in 21% of 
the cases, but there are more than 40 different mutations 
described.71 Most of such mutations introduce a premature 
stop codon or a frameshift that cuts the end of the CXCR4 
protein avoiding its metabolization, thus prolonging its 
effects.

This over function of CXCR4 explains why patients 
with such mutations have a higher BM disease burden, 
higher serum immunoglobulin M levels and more cases of 
symptomatic hyperviscosity.7 Asymptomatic patients also 
present mutations in CXCR4, but this fact seems to 
increase the risk of progression into symptomatic disease. 
In WM patients treated with a BTK-inhibitor the presence 
of CXCR4 mutations reduce the therapeutic effectiveness, 
and in vitro CXCR4 mutant cells treated with BTK- 
inhibitor are rescued by CXCL12 from apoptosis.71 

Accordingly, CXCR4 mutation emerges as a relevant 
molecular abnormality to be taken into account in WM 
not only for diagnosis, but also as a potential actionable 
target.

Other Somatic Mutations
Near 50% of WM harbor recurrent mutations in other 
genes.72–74 Somatic mutations in ARID1A are present in 
17% of patients with WM, including nonsense and frame
shift variants. Although this frequency has not been repro
duced by others,74 patients with ARID1A mutations are 
presumed to have more advanced disease which concurs 
with the fact that it is located at chromosome 6q, as its 
homolog ARID1B. In addition, ARID1A could modulate 
TP53 and is thought to act as an epigenetic tumor sup
pressor in ovarian cancer.67 TP53 mutations are rare in 
WM (<5%), but they are associated with poor survival.67

Mutations in CD79A and CD79B can be found in 8– 
12% of patients with WM.67,73,74 Both are components 
of the BCR pathway and can form heterodimers with 
each other, so activating mutations of these components 
could contribute to the chronic BCR signaling observed 
in WM cells.67 In one study, mutations in CD79A and 
CD79B were nearly exclusive of CXCR4 mutations, sug
gesting that CD79A/B mutations may also have an 

independent role in facilitating mutated MYD88- 
directed progression in WM.75 In addition, CD79B muta
tions have been associated with disease transformation in 
a some WM patients.76 The number of detectable genetic 
abnormalities in IgM monoclonal gammopathies is 
increased as the aggressiveness of the disease is 
increased. In a recent study evaluating the 12 most fre
quently mutated genes in WM, the percentage of patients 
with alterations was increasing as the monoclonal gam
mopathy progressed: 21% in IgM MGUS, 35% in AWM 
and 50% in symptomatic WM.74

Risk Assessment & Prognosis
According to the type of IgM monoclonal gammopathy, 
we have different classifications of risk assessment that are 
specific for the different stages.

Risk Assessment in IgM-MGUS
When we are in front of a patient with a MGUS, the first 
thing that we have to consider is that, among the different 
heavy chain isotypes of the heavy chain that can exist, 
IgM is the one with the highest risk of malignant 
transformation.15 These patients can evolve to non- 
Hodgkin lymphoma, WM, AL amyloidosis or CLL with 
a risk 11-fold higher than a matched control population. 
Probability of progression is higher for patients with an 
abnormal serum-free light-chain ratio (outside normal lim
its) and a high serum monoclonal protein level (≥1.5 g/ 
dL), especially if both are associated. Thus, the 20 year 
probability of malignant progression is 55% when both 
risk factors are present, 41% if there is one, and 19% there 
is none of them.15

Risk Assessment in Asymptomatic WM
When a patient fits with the AWM criteria (Table 1), the 
risk assessment to score the probability of transformation 
into a symptomatic disease can be done through several 
systems, but the most recent one is based on four risk 
factors: Immunoglobulin M ≥4500 mg/L, BM lymphoplas
macytic infiltration ≥70%, β2microglobulin ≥4.0 mg/dL, 
and albumin ≤3.5 g/dL.77 With these risk factors, the 
current progression risk-classification identifies three 
groups of asymptomatic WM with a different median 
time to develop symptomatic disease: patients whose risk 
scores were below the first quartile (low risk, have 
a median time from diagnosis to transformation of 9.3 
years), patients whose risk scores were in the interquartile 
range (intermediate risk, 4.8 years) and those whose risk 
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scores were above the third quartile (high risk, 18 years).77 

This new classification, whose access is facilitated through 
a ready-to-use webpage tool (http://www.awmrisk.com) 
could be of help to identify patients with high-risk AWM 
who may need closer follow-up or benefit from early 
intervention.

Risk Assessment in Symptomatic WM
Finally, if our patient fits the criteria of symptomatic WM, 
we should use the International Prognostic Scoring System 
(IPSS)78 that includes five variables associated with poor 
prognosis:

Anemia: Hb ≤115 g/L,
Thrombopenia: ≤100×109/L,
Monoclonal component: >70 g/L,
Age: >65 years
β2-microglobulin: >3 mg/L.
Using these risk factors we can construct three risk- 

groups:

1. Low risk: when there is no one risk-factor or only 
one, excluding the age. The median survival is 14y

2. Intermediate risk: if the patient is older than 65 or 
there are 2 risk-factors. The median survival is 8y

3. High risk: if there are more than two risk factors. 
The median survival is 4y

Since this IPSS is based on patients treated with old- 
fashioned therapies, more recently Kastritis et al developed 
a revised score (rIPSSWM) that found four parameters asso
ciated with poor prognosis: age (66–75 and ≥76 years), 
β2microglobulin ≥4 mg/L, serum albumin <3.5 gr/dL, and 
LDH ≥250 IU/L (ULN < 225). Accordingly, five different 
prognostic groups were constructed with a 3-year WM- 
related death rate of 0, 10, 14, 38, and 48% (p < 0.001) and 
10-year survival rate of 84%, 59%, 37%, 19%, and 9%. This 
system includes two extremes: very-low risk and very-high 
risk groups. It is conceivable to recommend the modification 
of current strategies a better management approach in them.5 

However, we should take into account that IPSSWM and 
rIPSSWM, are merely based on clinical and biochemical 
parameters, lacking on molecular and genetic characteristics 
that could be crucial for the future risk assessment in WM.18

Summary
Clinical-biological work-up in WM must include a deep patho
logical evaluation that help in the correct diagnostic assign
ment of the patient in order to correctly prescribe the patient 

treatment. Diagnosis should be precise and identify what spe
cific IgM monoclonal gammopathy is present in our patient, 
including as much as immunophenotypic and genetic informa
tion is possible to be obtained, including bone biopsy and BM 
cell data. In addition, a prognostic risk group assignment must 
be provided. Both, genomic and prognostic information will be 
used for a correct therapeutic indication. According to the 10th 
IWWM updated consensus, first line of therapy for newly 
diagnosed symptomatic patients WM could include alkylating 
drugs (Cyclophosphamide and Bendamustine) plus 
Rituximab, proteasome inhibitors (Bortezomib, Carfilzomib) 
plus Rituximab, or BTK inhibitors (Ibrutinib) with or without 
Rituximab. Second and further therapeutic lines will depend on 
the former response duration and toxicities, making possible 
the reuse of previous regimens or changing into others. The 
treatment initiation should be strictly guided by a correct diag
nosis (especially differentiating between symptomatic and 
asymptomatic forms) knowing that that responses to novel 
BTK inhibitors could be influenced by the molecular charac
teristics of the disease.79 This reinforces the necessity of an 
exquisite evaluating approach for these patients as we have 
pointed out in this review.
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