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           Introduction 

 Waldenström’s macroglobulinemia (WM) is a 
B-cell lymphoproliferative disorder defi ned by a 
lymphoplasmacytic infi ltration in the bone mar-
row or lymphatic tissue and a monoclonal immu-
noglobulin M (IgM) protein in the serum [ 1 ,  2 ]. 
The infi ltration of the bone marrow and extra-
medullary sites by malignant B-cells, as well as 
elevated IgM levels, accounts for the symptoms 
associated with this disease. This may result in 
patients developing constitutional symptoms, 
pancytopenia, organomegaly, neuropathy, symp-
toms associated with immunoglobulin deposi-
tion, or hyperviscosity [ 3 ,  4 ]. There is signifi cant 
heterogeneity, however, in the symptoms with 
which patients present. While some patients pres-
ent with the symptoms listed above, many are 
asymptomatic at the time of diagnosis. 

 Waldenström’s macroglobulinemia remains 
incurable with current therapy with a median sur-
vival for symptomatic patients of approximately 
8 years [ 5 ]. However, because many patients are 
diagnosed with this disease at an advanced age, 

approximately half of the patients die from causes 
unrelated to Waldenström’s macroglobulinemia. 
Due to the incurable nature of the disease, the 
heterogeneity of clinical presentation, as well as 
the comorbid conditions and competing causes of 
death, the decision to treat patients and the choice 
of treatment can be rather complex. A number of 
consensus meetings have listed reasonable treat-
ment options [ 6 – 8 ], but the treating physician is 
still faced with a diffi cult treatment decision in a 
patient with an uncommon disease.  

    Epidemiology 

 The overall incidence of Waldenström’s macro-
globulinemia is approximately 5 per million per-
sons per year accounting for approximately 
1–2 % of hematological cancers [ 9 ,  10 ]. The inci-
dence of this disease is highest among Caucasians 
and is rare in other population groups [ 11 ]. The 
median age at diagnosis varies between 63 and 68 
years, and the majority of new patients (55–70 %) 
are male [ 3 ]. 

 Patients with monoclonal gammopathy of 
undetermined signifi cance (MGUS) are at 
increased risk for progression to Waldenström’s 
macroglobulinemia [ 12 ]. In a population-based 
study of 1,384 individuals with MGUS, research-
ers showed an increased risk factor of 46 for 
developing Waldenström’s macroglobulinemia 
[ 12 ]. The rate of progression from IgM MGUS to 
Waldenström’s macroglobulinemia was further 
noted to be 1.5–2 % a year [ 13 – 15 ]. 
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 While the development of Waldenström’s 
macroglobulinemia is thought to be sporadic, 
there are a few studies demonstrating familial 
linkage and predisposition to the disease [ 16 – 18 ]. 
Both familial clustering of Waldenström’s mac-
roglobulinemia and a notable increase (~10-fold) 
in the frequency of IgM MGUS in fi rst-degree 
relatives of Waldenström’s patients are sugges-
tive of familial risk [ 17 ]. Under the assumption 
that Waldenström’s macroglobulinemia and IgM 
MGUS share common susceptibility genes, 
strong linkages involving chromosomes 1q, 3q, 
and 4q have been identifi ed [ 13 ]. Additionally, 
several studies have indicated a causal relation-
ship between MGUS/Waldenström’s macroglob-
ulinemia and chronic antigenic stimulation 
[ 18 – 21 ]. Recently, it was shown that 11 % of 
patients with IgM MGUS/Waldenström’s macro-
globulinemia reacted with paratarg-7 (P-7), a 
protein of unknown function [ 22 ]. Analyses of 
relatives of patients with IgM MGUS/
Waldenström’s macroglobulinemia with an anti-
P- 7-paraprotein showed that the hyperphosphor-
ylated state of this protein (pP7) is inherited as a 
dominant trait, and carriers of pP7 have more 
than a sixfold increased risk of developing IgM 
MGUS/Waldenström’s macroglobulinemia 
( p  = 0.001) [ 22 ]. Thus, pP-7 is the fi rst biological 
entity that provides a plausible explanation for 
the familial clustering of cases of IgM MGUS/
Waldenström’s macroglobulinemia.  

    Diagnosis 

 Attempts to better defi ne Waldenström’s macro-
globulinemia have been made in recent years by 
the World Health Organization (WHO) 
Lymphoma Classifi cation [ 23 ], the consensus 
group formed at the Second International 
Workshop on Waldenström’s Macroglobulinemia 
[ 1 ], and the Mayo Clinic [ 24 ]. However, the 
respective defi nitions of the diagnostic criteria 
for Waldenström’s macroglobulinemia by these 
groups are not identical. All groups recognize 
Waldenström’s macroglobulinemia as a lympho-
plasmacytic lymphoma associated with an IgM 
monoclonal protein in the serum. The WHO defi -

nition includes lymphomas other than lympho-
plasmacytic lymphoma and also allows the 
monoclonal protein to be IgG or IgA. In contrast, 
the Second International Workshop on 
Waldenström’s Macroglobulinemia restricts the 
diagnosis exclusively to cases with lymphoplas-
macytic lymphoma and an IgM monoclonal pro-
tein. The Second International Workshop on 
Waldenström’s Macroglobulinemia also elimi-
nated the requirement for either a minimum 
amount of bone marrow involvement or a thresh-
old concentration of IgM in the serum to fulfi ll 
the diagnosis, allowing for any detectable amount 
of either. In contrast, Mayo Clinic criteria require 
at least 10 % marrow involvement by lympho-
plasmacytic lymphoma in asymptomatic patients. 
Furthermore, in regard to pathologic features, the 
WHO criteria focus predominantly on nodal 
involvement, whereas studies at Mayo Clinic 
indicate that most cases of Waldenström’s mac-
roglobulinemia are bone marrow-based. 

 Lymphoplasmacytic lymphoma involving 
either the bone marrow or the extramedullary 
sites typically exhibits a cytologic spectrum rang-
ing from small lymphocytes with clumped chro-
matin, inconspicuous nucleoli, and sparse 
cytoplasm to well-formed plasma cells [ 1 ,  25 ]. 
Frequently present are “plasmacytoid lympho-
cytes,” which have cytologic features of both 
lymphocytes and plasma cells, although the cyto-
logic composition and the degree of plasmacytic 
differentiation vary from case to case. Nodal 
involvement is typically characterized by para-
cortical and hilar infi ltration with frequent spar-
ing of the subscapular and marginal sinuses. The 
bone marrow usually has some combination of 
nodular, paratrabecular, and interstitial infi ltra-
tion; in approximately one-half of cases, plasma 
cells that contain Dutcher bodies are present. 

 The broad cytologic spectrum of the malig-
nant cells composing Waldenström’s macroglob-
ulinemia tumors is refl ected in their 
immunophenotypic attributes. A monotypic lym-
phocytic component is almost always detected, 
typically with high levels of surface CD19, 
CD20, and immunoglobulin light chain expres-
sion [ 25 ]. The lymphoid component typically 
lacks CD10. In approximately 40 % of cases, the 
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lymphocytes show some degree of CD5 expres-
sion; however, these cases usually do not express 
this antigen as strongly as tumor cells derived 
from patients with chronic lymphocytic leukemia 
(CLL)/small lymphocytic lymphoma or mantle 
cell lymphoma. By comparison, the plasmacytic 
component expresses the same immunoglobulin 
light chain as the lymphocytic component, is pos-
itive for CD138 (particularly when assessed by 
immunohistochemistry), and shows diminished 
expression of B-cell-associated antigens such as 
CD19, CD20, and PAX5. Typically, the lympho-
plasmacytic lymphoma cells are positive for sur-
face IgM, but on the basis of the WHO criteria, 
they may express any immunoglobulin isotype. 
In cases with isotype switch, the phenotype of the 
plasma cells closely resembles that of myeloma-
tous plasma cells with strong CD38 and CD138 
co-expression and complete lack of CD19. 
Waldenström’s macroglobulinemia tumor cells 
have also been shown to be CD25 + , CD27 + , 
CD75 − , FMC7 + , Bcl2 + , and Bcl6 − . 

 Conventional cytogenetic analyses initially 
determined the deletion of 6q to be the most com-
mon recurrent chromosomal abnormality in 
Waldenström’s macroglobulinemia, identifi ed in 
approximately 50 % of patients [ 26 ]. Schop et al. 
observed 23 % of patients with an abnormal 
karyotype to have a 6q deletion, while FISH anal-
ysis confi rmed deletion of 6q in 42 % of patients 
[ 27 ]. Further studies to assess minimal areas of 
deletion used multiple FISH probes on the 6q 
arm, and a minimal deleted region at 6q23–24.3 
was suggested [ 28 ]. Although the deletion of 6q 
is present in around 50 % of WM patients, its 
presence cannot be used for diagnosis as it is 
widely observed in several B-cell malignancies, 
such as marginal zone lymphomas, multiple 
myeloma, and chronic lymphocytic leukemias 
[ 29 – 32 ]. 

 Preliminary data obtained from whole genome 
sequencing of 30 Waldenström’s macroglobulin-
emia cases have recently been reported [ 33 ]. 
Strikingly, a mutation in  MYD88  leading to a leu-
cine to proline substitution in codon 265 (L265P) 
was found in 90 % of the cases (46/51). The 
 MYD88  mutation provides a potential biomarker 
for differentiating Waldenström’s macroglobu-

linemia from other related entities such as mar-
ginal zone lymphoma, where  MYD88  L265P was 
detected in less than 10 % of cases. Furthermore, 
the low prevalence of  MYD88  mutations in IgM 
MGUS suggests either that the abnormality is 
associated with disease progression or that there 
is more than one type of IgM MGUS, with only 
some types progressing to Waldenström’s 
macroglobulinemia. 

 Gene expression profi le (GEP) analysis of 
Waldenström’s macroglobulinemia also provides 
valuable information regarding the transcrip-
tional signature of the disease. Data gathered 
from two independent studies highlight the simi-
larities and differences in GEP between 
Waldenström’s macroglobulinemia, CLL, multi-
ple myeloma, normal B-cells, and normal plasma 
cells [ 34 ,  35 ]. These studies specifi cally highlight 
similarities between GEP in malignant 
Waldenström’s macroglobulinemia cells and 
CLL. When analyzed in unsupervised clusters, 
Waldenström’s macroglobulinemia clustered far 
more with CLL expressions than with multiple 
myeloma [ 34 ]. Both Waldenström’s macroglobu-
linemia and CLL have strong B-cell signatures, 
characterized by the common marker CD20, and 
are defi ned by low proliferation rates and a lack 
of IgH translocations [ 35 ]. The GEP of both 
Waldenström’s macroglobulinemia and CLL 
shared similar profi les, particularly with regard to 
cell markers and IL-10 [ 34 ,  35 ]. 

 One of the most signifi cant fi ndings in both 
studies was the high level of IL-6 transcript 
expression in Waldenström’s macroglobulinemia 
compared to multiple myeloma, CLL, and nor-
mal B-cells [ 34 ,  35 ]. IL-6 is a potent infl amma-
tory cytokine that stimulates both local and 
systemic activating physiological functions in a 
multitude of cells [ 36 ]. Locally, it acts to increase 
lymphocyte activity, including antibody produc-
tion. Additionally, IL-6 plays a key role by acti-
vating the MAPK pathway. While there were no 
specifi c mutations found in  MAPK , its activity 
was notably increased, likely correlating with the 
upregulation of IL-6 [ 34 ]. The increase in IL-6 
expression in Waldenström’s macroglobulinemia 
cells, more so than in normal B-cells, is sugges-
tive of its autocrine activity. 
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 Interestingly, IL-6 binds to the tyrosine kinase 
receptor Janus kinases (JAK) 1 and 2, which acti-
vate the downstream transcription factor Stat3, 
leading to increases in gene transcription, IgM 
production, and the activation of other signaling 
pathways [ 37 ]. Recently, a functional relation-
ship between IL-6, Rantes (CCL5), and IgM 
secretion was observed and appears to be mediated 
through the JAK/STAT and PI3K pathways [ 38 ]. 
For the moment, the specifi c mechanisms of hyper-
immunoglobulin secretion in Waldenström’s 
macroglobulinemia are still not known. GEP data 
combined with studies of the JAK/STAT pathway 
could be useful in future investigations into the 
pathogenic role of IL-6 and the JAK/STAT path-
way in Waldenström’s macroglobulinemia.  

    Clinical Presentation 

 The infi ltration of the bone marrow with malig-
nant cells and the high levels of serum IgM pro-
tein circulating in patients with Waldenström’s 
macroglobulinemia are responsible for the major-
ity of the morbidity associated with this malig-
nancy. While some patients with Waldenström’s 
macroglobulinemia have no symptoms at diagno-
sis, others present with anemia, bleeding, or neu-
rological complaints [ 39 ]. Additionally, as IgM 
protein is capable of forming large pentameric 
molecules in the circulation, many patients pres-
ent with symptoms associated with immunoglob-
ulin deposition and hyperviscosity syndrome [ 3 ]. 
Symptoms due to hyperviscosity syndrome have 

been reported in around 30 % of Waldenström’s 
macroglobulinemia patients and include skin and 
mucosal bleeding, retinopathy and visual distur-
bances, and cold sensitivity [ 39 ,  40 ]. 

 Due to a shortage of effective therapies and a 
wide variability in clinical presentation and 
comorbidities, the process involved in deciding 
when and how to treat patients diagnosed with 
Waldenström’s macroglobulinemia can be a chal-
lenging one. However, before treatment can even 
be considered, an appropriate differential diagno-
sis between Waldenström’s macroglobulinemia, 
IgM MGUS, and smoldering Waldenström’s 
macroglobulinemia must be made as the appropri-
ate treatment strategy may vary depending on the 
diagnosis. To this end, Mayo Clinic has created 
diagnostic criteria to differentiate between these 
IgM gammopathies based on the extent of bone 
marrow involvement and the presence or absence 
of symptomatic disease (see Table  24.1 ) [ 24 ].

       Prognostic Factors 

 Following a diagnosis of Waldenström’s macro-
globulinemia, the next step is to determine how 
best to manage the disease using a risk-adapted 
approach. Criteria commonly used for risk stratifi -
cation are shown in Table  24.2 . A multicenter col-
laborative project known as the International 
Prognostic Staging System for Waldenstrom’s 
Macroglobulinemia (IPSSWM) has incorporated 
fi ve adverse prognostic factors to defi ne three dif-
ferent risk groups for patients with Waldenström’s 

   Table 24.1    Diagnostic criteria for Waldenström’s macroglobulinemia [ 24 ]   

  Waldenström ’ s macroglobulinemia   IgM monoclonal gammopathy (regardless of the size of the M protein) with 
>10 % bone marrow lymphoplasmacytic infi ltration (usually intertrabecular) by 
small lymphocytes that exhibit plasmacytoid or plasma cell differentiation and a 
typical immunophenotype (surface IgM + , CD5 − , CD10 − , CD19 + , CD20 + , CD23 − ) 
that satisfactorily excludes other lymphoproliferative disorders including chronic 
lymphocytic leukemia and mantle cell lymphoma 

  IgM MGUS   Serum IgM monoclonal protein level <3 g/dL, bone marrow lymphoplasmacytic 
infi ltration <10 %, and no evidence of anemia, constitutional symptoms, 
hyperviscosity, lymphadenopathy, or hepatosplenomegaly 

  Smoldering Waldenström ’ s 
macroglobulinemia  (also referred 
to as indolent or asymptomatic 
Waldenström’s macroglobulinemia) 

 Serum IgM monoclonal protein level ≥3 g/dL and/or bone marrow 
lymphoplasmacytic infi ltration ≥10 % and no evidence of end-organ damage, 
such as anemia, constitutional symptoms, hyperviscosity, lymphadenopathy, or 
hepatosplenomegaly, that can be attributed to a lymphoplasmacytic disorder 
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macroglobulinemia [ 3 ]. These factors include age 
>65 years, hemoglobin <11.5 g/dL, platelet count 
<100,000/μL, β 2 -microglobulin >3 mg/L, and 
monoclonal IgM protein >7 g/dL. Patients with 
0–1, 2, or >2 of these factors are considered to be 
at low-, intermediate-, or high-risk, respectively, 
with corresponding 5-year survival rates of 87, 68, 
and 37 % [ 41 ]. While not currently used to deter-
mine the most appropriate treatment regimen, 
understanding a patient’s level of risk may be 
taken into account in deciding if and when treat-
ment is necessary. Conversely, many asymptom-
atic patients may not require any therapy at all. For 
example, in a study by Garcia-Sanz et al., 50 % of 
patients who were asymptomatic at diagnosis 
did not require therapy for almost 3 years [ 39 ]. 
Similarly, one in ten patients who were managed 
with a watch-and-wait approach did not require 
therapy for 10 years. Taken together, these data 
underscore the need to carefully consider a 
patient’s prognostic risk prior to the initiation of 
any treatment to limit therapy to only those 
patients in whom it is required.

       Indications for Treatment 

 To better determine which patients with 
Waldenström’s macroglobulinemia should receive 
treatment, a consensus panel at the Second 
International Workshop on Waldenström’s 
Macroglobulinemia agreed that therapy should 
be initiated in patients with a defi ned set of 
clinical fi ndings and/or laboratory values [ 42 ]. 
Specifi cally, treatment was deemed appropriate 
in patients presenting with any of the following: 
constitutional symptoms including fever, night 

sweats, or weight loss; lymphadenopathy or 
splenomegaly; hemoglobin <10 g/dL or a plate-
let count lower than 100 × 10 9 /L due to bone 
marrow infi ltration; complications of the disease 
 including symptomatic sensorimotor peripheral 
neuropathy, systemic amyloidosis, renal insuffi -
ciency, or symptomatic cryoglobulinemia. It was 
also recommended that patients with IgM MGUS 
and smoldering (asymptomatic) Waldenström’s 
macroglobulinemia with preserved hematologic 
function should be managed with a watch-
and-wait approach. Additionally, all patients 
should be evaluated for symptoms of hyper-
viscosity syndrome (rarely observed with IgM 
levels <4 g/dL) such as visual deterioration, neu-
rological symptoms, or unexplained bleeding, 
and should undergo plasmapheresis if necessary 
prior to receiving chemotherapy or immuno-
therapy [ 43 ].  

    Initial Therapy 

 Initial therapy for previously untreated patients 
with symptomatic Waldenström’s macroglobu-
linemia may involve various chemotherapeutic 
combinations with or without the addition of the 
CD20 + -targeted antibody rituximab [ 44 ]. 
Rituximab is also used successfully as a single 
agent as fi rst-line treatment in low-risk patients 
with symptomatic Waldenström’s macroglobu-
linemia. Treatment regimens containing nucleo-
side analogs (NA) such as fl udarabine, with 
combinations including fl udarabine/cyclophos-
phamide/rituximab (FCR) and fl udarabine/ritux-
imab (FR), have demonstrated good effi cacy in 
symptomatic Waldenström’s macroglobulinemia 
patients. In a multicenter prospective study of 43 
previously untreated patients with symptomatic 
disease, the FCR regimen was associated with an 
overall response rate of 79 %, including 11.6 % 
complete remission and 20.9 % very good partial 
remissions [ 45 ]. However, signifi cant myelosup-
pression may limit the utility of this combination, 
as grade 3–4 neutropenia was reported in 45 % of 
courses and was the main reason for treatment 
discontinuation. Similarly, a separate study 
examined the combination of six cycles of fl uda-
rabine and eight infusions of rituximab (FR) [ 7 ]. 

   Table 24.2    Criteria used for risk stratifi cation in 
Waldenström’s macroglobulinemia   

 Clinical parameters 
 Hyperviscosity symptoms 
 Constitutional symptoms 
 Bulky lymphadenopathy/splenomegaly 
 Presence of symptomatic or unresponsive neuropathy 
 Hemolytic anemia 

 Laboratory parameters 
 Hemoglobin 
 Platelet count 
 Bone marrow infi ltration 
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Of the 43 patients enrolled, complete responses 
were achieved in two patients, with 81 % of 
patients achieving either a very good partial 
response or partial response. Neutropenia, throm-
bocytopenia, and pneumonia of grade 3 or higher 
were reported in 63 % of patients receiving the 
FR combination. 

 While NA-based therapies have demonstrated 
activity in the treatment of Waldenström’s macro-
globulinemia, an increased incidence of trans-
formation to non-Hodgkin’s lymphoma and the 
development of myelodysplasia have been associ-
ated with the use of these agents. A recent study 
followed 439 patients with Waldenström’s macro-
globulinemia, of which 193 were previously 
treated with NA, 136 were treated without an NA, 
and 110 of whom had follow-up without treatment, 
for a median of 5 years [ 46 ,  47 ]. Overall, 5 % of 
patients transformed and 2 % developed myelodys-
plasia among the NA-treated cohort whereas only 
one patient transformed within the other groups. 
These data suggest that while NA-based thera-
peutic regimens are effective, the additional long-
term risks associated with these therapies must be 
taken into account by clinicians when deciding 
upon an initial treatment strategy for patients with 
Waldenström’s macroglobulinemia. 

 Initially considered to be the standard of care, 
alkylating agents have also been used success-
fully in the treatment of Waldenström’s macro-
globulinemia. Over time, combinations of 
alkylating agents, including chlorambucil and 
cyclophosphamide, with vinca alkaloids, nucleo-
side analogs, and/or anthracyclines have been 
studied and deemed effective [ 48 – 51 ]. The addi-
tion of rituximab to alkylating agent-based com-
binations has further increased patient response 
rates. In a prospective, randomized trial including 
34 Waldenström’s macroglobulinemia patients 
treated with R-CHOP and 30 patients treated 
with CHOP but no rituximab, a signifi cantly 
higher overall response rate was achieved in the 
patient group receiving chemoimmunotherapy 
(94 % vs. 67 %,  p  = 0.0085) as compared to che-
motherapy alone, with no major differences 
noted in toxicity [ 52 ]. Furthermore, patients in 
the R-CHOP group experienced a signifi cantly 
longer time to treatment failure (median of 63 

months) as compared to patients in the CHOP 
arm (22 months  p  = 0.0033). 

 Signifi cant activity coinciding with improved 
toxicity profi les has been achieved in 
Waldenström’s macroglobulinemia with other 
alkylating agents administered in combination 
with rituximab, suggesting that such regimens 
may be preferable as initial therapy for this dis-
ease [ 43 ]. For example, a regimen including dexa-
methasone, rituximab, and cyclophosphamide 
(DRC) yielded an overall response rate of 83 % in 
previously untreated Waldenström’s macroglobu-
linemia patients, of which 7 % were complete 
responders [ 53 ]. Furthermore, only 9 % of patients 
experienced grade 3 or 4 neutropenia. Alkylating 
agents combined with rituximab are also useful in 
treating relapsed or refractory patients. Treon 
et al. reported an overall response rate of 83.3 % 
in 30 such WM patients treated with bendamus-
tine in combination with rituximab (BR) [ 54 ]. 
While the therapy was well tolerated, there was 
an increased incidence of myelosuppression in 
patients who had previously been treated with 
nucleoside analogs, as has been reported previ-
ously [ 47 ]. Further support for the use of BR as 
initial therapy comes from a comparison with 
R-CHOP in 41 Waldenström’s macroglobulin-
emia patients [ 55 ]. When compared with 
R-CHOP, treatment with BR resulted in fewer 
relapses, was better tolerated, and was associated 
with a longer progression-free survival, despite 
identical response rates for both regimens. 

 Rapid and durable patient responses have also 
been achieved with the proteasome inhibitor 
bortezomib when used in combination with ritux-
imab in Waldenström’s macroglobulinemia. 
When bortezomib, dexamethasone, and ritux-
imab (BDR) were administered to 23 previously 
untreated, but symptomatic Waldenström’s mac-
roglobulinemia patients, overall response rates 
neared 96 % with responses occurring at a median 
of 1.4 months [ 56 ]. However, a high incidence of 
peripheral neuropathy led to the discontinuation 
of bortezomib in 61 % of patients. A separate 
study by Ghobrial et al. reported overall response 
rates of 88 % when bortezomib and rituximab 
were administered concurrently in patients with 
symptomatic Waldenström’s macroglobulinemia 
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[ 57 ]. However, in this study, no grade 3 or 4 neu-
ropathies were documented, with the most sig-
nifi cant adverse event being neutropenia, which 
occurred in 12 % of patients. 

 The therapeutic benefi t of adding rituximab to 
chemotherapeutic regimens for the treatment of 
Waldenström’s macroglobulinemia has been well 
documented. However, when used as a single 
agent, rituximab has been associated with 
response rates ranging from 29 to 65 %, making 
single agent rituximab a viable option in the 
treatment of Waldenström’s macroglobulinemia, 
specifi cally in low-risk patients with symptom-
atic disease and modest hematologic compromise 
and in patients with IgM-related neuropathy 
requiring treatment [ 43 ]. In a study of 69 symp-
tomatic patients, 35 of whom had received treat-
ment previously, overall response rates of 52 % 
were reported following administration of ritux-
imab as a single agent [ 58 ]. Yet, when using 
rituximab as a single agent, clinicians must be 
made aware of the paradoxical rituximab- 
associated increase in IgM protein levels occur-
ring in some patients, known as the rituximab 
“fl are” [ 43 ,  59 ]. While IgM levels may remain 
elevated out to 4 months following treatment 
with rituximab, this does not necessarily indicate 
a treatment failure, although additional plasma-
pheresis may be necessary to alleviate symptoms 
of hyperviscosity. 

 Based on the array of agents that are clinically 
active in this disease, a risk-adapted approach to 
the management of Waldenström’s macroglobu-
linemia is recommended. Three groups of 
patients can be identifi ed [ 43 ]. Patients with IgM 
MGUS or smoldering (asymptomatic) 
Waldenström’s macroglobulinemia and pre-
served hematological function constitute a low- 
risk group. Symptomatic Waldenström’s 
macroglobulinemia patients with modest hema-
tological compromise, IgM-related neuropathy, 
or hemolytic anemia have an intermediate risk of 
disease progression and subsequent morbidity or 
mortality. Waldenström’s macroglobulinemia 
patients who have signifi cant constitutional 
symptoms, profound hematological compromise, 
bulky disease, or hyperviscosity have a high-risk 
of disease progression and early mortality. 

 Utilizing the risk groups outlined above, we 
recommend the following: (1) Patients with IgM 
MGUS or smoldering (asymptomatic) 
Waldenström’s macroglobulinemia and pre-
served hematological function should be 
observed without initial pharmacotherapy. (2) 
Symptomatic Waldenström’s macroglobulinemia 
patients with modest hematological compromise, 
IgM-related neuropathy requiring treatment, or 
hemolytic anemia unresponsive to corticoste-
roids should receive standard doses of rituximab 
alone without maintenance therapy. (3) 
Waldenström’s macroglobulinemia patients who 
have signifi cant constitutional symptoms, pro-
found hematological compromise, bulky disease, 
or hyperviscosity should be treated with the DRC 
regimen (dexamethasone, rituximab, cyclophos-
phamide). Any patient with symptoms of hyper-
viscosity should fi rst be started on plasmapheresis 
(see mSMART algorithm in Fig.  24.1 ) [ 43 ].

       Management of Relapsed Disease 

 Despite the high overall response rates associated 
with the aforementioned treatment regimens and 
the introduction of new therapeutic agents in the 
past few decades, studies have not demonstrated 
a signifi cant improvement in the outcome of 
patients with Waldenström’s macroglobulinemia 
treated over the last 25 years [ 60 ]. These data 
underscore the need for more effective agents to 
further improve patient survival, especially in 
those who have failed previous treatment regi-
mens. Fortunately, new therapies and treatment 
combinations are currently in clinical testing in 
patients with refractory and relapsed disease. For 
example, drugs classifi ed as immunomodulators 
(IMiDs), including thalidomide and lenalido-
mide, have been studied in Waldenström’s mac-
roglobulinemia in combination with rituximab as 
these agents enhance rituximab-mediated, 
antibody- dependent, cell-mediated cytotoxicity 
[ 61 ]. However, despite relatively high overall 
response rates, the use of both thalidomide and 
lenalidomide has been associated with substan-
tial toxicity [ 62 ]. In the case of lenalidomide and 
rituximab, the clinical trial was closed early due 
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to reports of signifi cant anemia, which occurred 
in 13 of 16 enrolled patients [ 63 ]. Thus, while 
these agents have demonstrated signifi cant activ-
ity and durable responses, further studies are nec-
essary to identify the optimal dose of drug 
required to achieve maximal activity with mini-
mal toxicity. 

 The mammalian target of rapamycin (mTOR) 
inhibitor everolimus has also been studied in 
Waldenström’s macroglobulinemia, due to the 
known role of the PI3K/Akt/mTOR signal trans-
duction pathway as a driver of tumor survival in 
various hematologic malignancies, including 
Waldenström’s macroglobulinemia [ 64 ]. When 
used as a single agent in 50 patients with symp-
tomatic, relapsed, or refractory Waldenström’s 
macroglobulinemia, overall response rates 
reached 70 % with a 12-month progression-free 
survival of 62 % [ 65 ]. However, signifi cant tox-
icities occurred with the use of everolimus, with 
56 % of patients developing grade 3 or higher 
toxicities requiring dose reductions in 52 % of 

patients. Yet while bearing in mind its toxicity 
profi le, single agent everolimus appears to be a 
potential new therapeutic option for the treatment 
of Waldenström’s macroglobulinemia. 

 As preclinical studies indicated activity of the 
nonselective histone deacetylase inhibitor pano-
binostat in Waldenström’s macroglobulinemia 
cell lines, this agent has also been studied in a 
phase II trial of 27 patients with refractory or 
relapsed/refractory disease [ 66 ]. Panobinostat 
was observed to be an active therapeutic agent in 
this patient population with an overall response 
rate of 60 %. Due to a high incidence of hemato-
logical toxicities, the initial protocol required 
modifi cations to decrease the panobinostat dose 
from 30 mg 3 times per week to 25 mg 3 times 
per week; the lower dosing schedule was better 
tolerated. 

 In addition to chemotherapeutics, novel 
immunotherapies targeting CD20 are currently in 
development in an effort to try and improve upon 
the response rates achieved with single agent 

  Fig. 24.1    Mayo Clinic (Mayo stratifi cation of macroglob-
ulinemia and risk-adapted therapy [mSMART]) consen-
sus for management of newly diagnosed Waldenström’s 

macroglobulinemia (WM) [ 43 ]. MGUS = monoclonal 
gammopathy of undetermined signifi cance. SI conversion 
factor: To convert hemoglobin values to g/L, multiply by 10       
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rituximab while limiting the rituximab “fl are” in 
IgM. One such monoclonal antibody is ofatu-
mumab (OFA), which targets an epitope encom-
passing both the large and small extracellular 
loops of CD20, whereas rituximab targets only 
the large loop alone [ 67 ]. OFA has been studied 
as a single agent in a cohort of 37 patients with 
Waldenström’s macroglobulinemia, 28 of whom 
had received a median of three prior therapies 
[ 68 ]. An overall response rate of 59 % was 
reported along with a lower incidence of IgM 
“fl are” as compared to rituximab. The toxicity 
profi le, which included the development of infec-
tion in 15 patients, was deemed to be acceptable, 
making OFA another potential therapeutic option 
in Waldenström’s macroglobulinemia, especially 
in patients with refractory disease. 

 Lastly, stem cell transplantation is another 
potential option for the treatment of patients with 
advanced Waldenström’s macroglobulinemia. 
Autologous stem cell transplants are relatively 
well tolerated and long-lasting complete 
responses have been reported [ 43 ]. In a retrospec-
tive analysis of 158 young, but heavily pretreated, 
patients with Waldenström’s macroglobulinemia 
who underwent autologous stem cell transplanta-
tion (ASCT), nearly half of the patients remained 
in remission at 5 years, with a non-relapse mortal-
ity rate of only 3.8 %. Five-year progression- free 

survival and overall survival rates were 40 % and 
68.5 %, respectively [ 69 ]. While additional pro-
spective studies are warranted, these initial data 
suggest that ASCT may have a place in the treat-
ment of Waldenström’s macroglobulinemia, 
especially in younger, heavily pretreated, or 
relapsed patients. A similar retrospective study 
has also been performed to assess the role of allo-
geneic stem cell transplantation (alloSCT) in the 
treatment of Waldenström’s macroglobulinemia. 
Kyriakou et al. assessed 86 patients with 
Waldenström’s macroglobulinemia who received 
an allograft after either myeloablative (MAC) or 
reduced-intensity conditioning (RIC) regimens 
[ 69 ]. However, both the MAC and RIC regimens 
were associated with signifi cantly higher risks of 
non-relapse mortality at 3 years (33 % and 23 %, 
respectively) as compared with ASCT, and there-
fore alloSCT is not considered an appropriate 
therapeutic option for patients with Waldenström’s 
macroglobulinemia outside of a clinical trial. 

 As there is currently no standard approach to 
the management of patients with relapsed 
Waldenström’s macroglobulinemia, our approach 
(Fig.  24.2 ) is to consider all patients for participa-
tion in a clinical trial either as defi nitive therapy 
for their disease or as preparative therapy prior to 
transplant [ 43 ]. For patients who are ineligible or 
unwilling to go on a clinical trial, the choice of 

  Fig. 24.2    Mayo Clinic (Mayo stratifi cation of macroglobulinemia and risk-adapted therapy [mSMART]) consensus 
for management of relapsed Waldenström’s macroglobulinemia [ 43 ]       
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therapy is determined by their response to front-
line treatment. Because responses to initial thera-
pies are often delayed and can occur 12 months 
or more after initiating treatment, we recommend 
using a 2-year cutoff to determine treatment. 
For patients with a durable response that lasted 
>2 years, the original therapy can be repeated. 
For patients who have an inadequate response to 
initial therapy or a response lasting <2 years, an 
alternative agent or combination should be used. 
An autologous stem cell transplant should be 
considered in all eligible patients with relapsed 
disease.

       Summary 

 Waldenström’s macroglobulinemia is a rare dis-
ease, and practicing hematologists and oncolo-
gists may infrequently treat these patients. 
Patients may present with a spectrum of clinical 
fi ndings, and many patients do not require treat-
ment initially. When patients do require therapy, 
it is important to select therapies that do not nega-
tively impact future treatment options. To pro-
vide a simple risk-adapted approach to managing 
patients with Waldenström’s macroglobulinemia, 
we have outlined a rational approach to this dis-
ease [ 43 ]. These recommendations are regularly 
modifi ed as new data become available and the 
most current guidelines are available at www.
mSMART.org.     
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