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Abstract
Waldenström’s macroglobulinemia (WM) is a B-cell neoplasm manifested by
the accumulation of clonal IgM secreting lymphoplasmacytic cells. MYD88
and CXCR4 WHIM-like somatic mutations are present in >90%, and 30-35%
of WM patients, respectively, and impact disease presentation, treatment
outcome, and/or overall survival. Familial predisposition is common in WM.
Asymptomatic patients should be observed. Patients with disease related
hemoglobin <10g/L, platelets <100x10 /L, bulky adenopathy and/or
organomegaly, symptomatic hyperviscosity, peripheral neuropathy,
amyloidosis, cryoglobulinemia, cold-agglutinin disease or transformed
disease should be considered for therapy. Plasmapheresis should be used for
patients with symptomatic hyperviscosity, and pre-rituximab for those with
high serum IgM levels to pre-empt a symptomatic IgM flare. Treatment
choice should take into account specific goals of therapy, necessity for rapid
disease control, risk of treatment-related neuropathy, immunosuppression
and secondary malignancies, and planning for future autologous stem cell
transplantation. Frontline treatments include rituximab alone, or combined
with alkylators (bendamustine, cyclophosphamide), proteasome-inhibitors
(bortezomib, carfilzomib), nucleoside-analogues (fludarabine, cladribine) and
ibrutinib. In the salvage setting, an alternative frontline regimen, ibrutinib,
everolimus,
or
stem
cell transplantation can be considered.
9
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Investigational therapies under development for WM include agents that
target MYD88, CXCR4, BCL2, and CD27/CD70 signaling, novel proteasome
inhibitors, and chimeric antigen receptor modified T-cell therapy.
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Introduction
The cases presented in Table 1 revealed Waldenström’s macroglobulinemia
(WM), a B-cell neoplasm resulting from the accumulation of clonal
lymphoplasmacytic cells (LPC) secreting a monoclonal IgM protein. WM
patients can present with a wide array of symptoms and findings that impact
diagnostic work-up and treatment. MYD88 and CXCR4 WHIM-like somatic
mutations are present in >90%, and 30-35% of WM patients, respectively,
but are absent or rare in other IgM secreting B-cell malignancies. Over half
of individuals with IgM secreting monoclonal gammopathy of unknown
mutation, suggesting its role as
significance (MGUS) harbor the MYD88
an early oncogenic driver. Somatic CXCR4 mutations are similar to those
found in the germline of WHIM (Warts, Hypogammaglobulinemia, Infections,
Myelokathexis) syndrome, and nearly always are present in WM patients
) and frameshift CXCR4
with MYD88 . Both nonsense (CXCR4
) occur in WM patients. MYD88 and CXCR4
mutations (CXCR4
mutations may impact disease presentation, treatment outcome, and/or
1,2
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survival. Low tumor burden and serum IgM levels are associated with
patients with
wild-type MYD88 (MYD88 ) disease, while MYD88
CXCR4 mutations have higher BM disease burden. High serum IgM levels
including presentation with hyperviscosity crisis have been observed in
3-14
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L265P

WHIM
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patients with CXCR4
tumor mutation status. Ibrutinib response
(discussed below) is adversely impacted by MYD88 and CXCR4 status.
In one study, overall survival was lower in patients with MYD88 disease,
but was unaffected by CXCR4 mutation status.
WHIM/FS

WT

WHIM

WT

Clinical Features
The clinical and laboratory findings for a large series of newly diagnosed
patients who presented to the WM clinic at the Dana Farber Cancer Institute
(a tertiary referral center) are depicted in Table 2. Splenomegaly and
lymphadenopathy (as with Case 2) are uncommon at initial presentation
(15-20%), though at later stages extra-medullary disease is more common
WM-related morbidity may be manifested by
(up to 60% of patients).
tumor cell infiltration, and/or by the physicochemical and immunological
properties of the monoclonal IgM protein produced by WM cells (Table 3).
16-18

19-

21

Diagnostic Workup
History taking
5
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Familial WM patients are
Familial predisposition is strong in WM.
younger, have a higher disease burden, and show lower response rates and
progression-free survival (PFS) with non-proteasome inhibitor based
therapy. Hepatitis C exposure as a WM predisposition remains
A
controversial though is associated with Type II cryoglobulinemia.
thorough review of systems should be performed given a wide-range of WMrelated morbidity that exists which can impact the diagnostic work-up and
treatment undertaken (Table 4).
22-24

25

26-28

Laboratory Studies
To establish the WM diagnosis, an IgM monoclonal protein and BM LPL
infiltration must be present. No minimum serum IgM or BM infiltration level
is required to diagnose WM, since patients can be symptomatic and need
treatment at low serum IgM (<1,000 mg/dL) levels or BM disease
involvement. Laboratory and clinical evaluations which can be performed in
1

29

the initial work-up of all WM patients, and those with particular diseaserelated features are presented in Table 4.
6
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Treatment Approaches to WM
Management of the Asymptomatic WM Patient
Patients with disease-related hemoglobin level (<10 g/dL), platelet count
<100x10 /L, or symptomatic disease manifested by hyperviscosity,
amyloidosis (particularly if there is heart involvement), cryoglobulinemia,
cold-agglutinemia, extramedullary disease including central nervous system
(Bing-Neel syndrome) involvement, moderate-severe, or advancing
paraprotein-related peripheral neuropathy (PN), or disease transformation
Treatment initiation should not be
should be considered for therapy.
based on serum IgM levels per se, though at higher serum IgM levels
(>6,000 mg/dL) empiric treatment may be appropriate to prevent
hyperviscosity-related injury.
9

30,31

Management of the Symptomatic WM patient
Treatment choice should take into account specific goals of therapy,
7
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necessity for rapid disease control, risk of treatment-related neuropathy,
immunosuppression, secondary malignancies, and potential for future
autologous stem cell transplantation (ASCT). Hepcidin-related iron deficiency
is common in WM patients. In select patients with low disease burden,
symptomatic anemia, and depressed iron saturation levels (i.e. <10-12%)
unrelated to gastrointestinal bleeding, parenteral iron administration may be
beneficial. If unresponsive to parenteral iron, chemotherapy can then be
initiated. Plasmapheresis should be considered for patients in need of
immediate paraprotein control (discussed below), and pre-rituximab if serum
IgM is >4,000 mg/dL to pre-empt a symptomatic IgM flare. A suggested
algorithm for the primary therapy of WM is provided in Figure 1. Continuous
oral alkylator therapy (such as chlorambucil) and nucleoside-analogues
32

32

30,33

should be avoided in ASCT candidates to prevent stem cell damage, as well
as in younger patients (<65-70 years) given their association with secondary
malignancies and/or disease transformation.
30,33-37

Frontline Therapy of Waldenstrom’s Macroglobulinemia
For symptomatic, untreated WM patients not requiring immediate disease
control as exemplified in Case 1, options include rituximab alone, or with
8
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alkylators (bendamustine, cyclophosphamide), proteasome-inhibitors
(bortezomib, carfilzomib), nucleoside-analogues (fludarabine, cladribine),
and ibrutinib. Rituximab alone is well-suited for more indolent WM patients,
i.e. those with mild-moderate symptomatic anemia or PN (as for Case 1),
and those for whom more aggressive chemotherapy is inappropriate.
Rituximab monotherapy should not be used in a patient in whom rapid
responses are required, since response times can be slow. In addition, a
rituximab-induced IgM flare (defined as >25% increase above baseline
serum IgM level) occurs in 40-60% of WM patients and can provoke or
accentuate IgM related morbidity including symptomatic hyperviscosity, PN,
Rituximab monotherapy
cold agglutinemia and cryoglobulinemia.
produces overall response rates (ORR) of 25-40% with standard (375
38-42

mg/m /week for 4 weeks) therapy, and 40-60% with extended (375
mg/m /week at weeks 1-4, 12-16) therapy with median PFS estimates of
16-29+ months. Rituximab-related infusion reactions are common in WM
patients, and administration of oral dexamethasone (10 mg) and famotidine
(20 mg) the night before rituximab administration in addition to standard
hypersensitivity prophylaxis may help reduce these events. Despite
prophylaxis, progressive rituximab-intolerance is commonly encountered in
WM, and ofatumumab may successfully be administered in place of
rituximab.
2

2

43-45

46,47

9
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For untreated WM patients experiencing non-emergent paraprotein related
morbidity, a proteasome-inhibitor containing regimen such as bortezomib,
dexamethasone and rituximab (BDR) or carfilzomib, rituximab and
dexamethasone (CaRD) is ideal. Proteasome-inhibitor containing therapy
can also be considered for myelosuppressed patients, though rarely
bortezomib causes thrombocytopenia. In younger patients for whom
avoidance of alkylator-based therapy is desired to reduce risk of secondary
malignancies, proteasome-inhibitor based therapy (or ibrutinib discussed
below) can be considered. Bortezomib is best avoided in patients with
paraprotein-related neuropathy as in Case 1 given risk for treatment-related
neuropathy. For BDR, weekly administration of bortezomib reduces but does
not abrogate treatment-related neuropathy. There is no data on
subcutaneous bortezomib use in WM patients, but can be considered given
the lower neuropathy risk observed with this method of administration in
myeloma patients. Regardless of route for administration, a close watch for
bortezomib-related neuropathy should be undertaken, and drug held for
grade >2 neuropathy. For weekly BDR, bortezomib can be dosed at 1.6
mg/m /week with dexamethasone (20 mg/week) for 12-16 weeks, based on
patient tolerance. Rituximab can be introduced if the baseline serum IgM is
<4,000 mg/dL, or when such a level is achieved on weekly bortezomib and
48-50

49

51

2

10

From www.bloodjournal.org by guest on May 26, 2015. For personal use only.

dexamethasone alone. Plasmapheresis to lower the serum IgM to <4,000
One single dose of
mg/dL pre-rituximab can also be considered.
rituximab (375 mg/m2/week) can be given every 3-4 weeks as part of the
weekly BDR regimen. Serum IgM levels should be carefully monitored to
detect a rituximab-related IgM flare. Maintenance can be considered for BDR
responders (discussed below).
30,33

The CaRD regimen which is associated with a low incidence of treatmentrelated neuropathy can also be considered in non-emergent patients.

50

Serum IgA and IgG depletion is pronounced with CaRD which incorporates
an extended maintenance schedule, and can contribute to recurring sinus
and bronchial infections. A modified CaRD regimen with one rituximab
infusion per induction cycle, or an abbreviated maintenance course may be
considered to reduce serum IgA and IgG depletion. Rituximab should only
be introduced when the serum IgM is <4,000 mg/dL. Transient increases in
amylase, lipase and bilirubin commonly occur with CaRD, and should be
monitored. Carfilzomib should be avoided in patients at risk of
cardiomyopathy. With either BDR or CaRD, herpes zoster prophylaxis with
oral antiviral therapy (i.e. acyclovir 400 mg twice daily) for the duration of
active therapy plus six months should be given, as well as famotidine (20
50
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mg BID) during active therapy to decrease risk of gastrointestinal irritation.

For patients with bulky extramedullary disease, malignant pleural effusions
or heavily impacted BM involvement, alkylator-based (bendamustine or
cyclophosphamide) therapy can be considered. Benda-R showed longer (69
versus 29 months) PFS, and better tolerance versus CHOP-R in WM patients
included in a randomized study by the German STiL group. Bendamustine
can be administered intravenously at 90 mg/m on days 1, 2 every 4 weeks
for 4-6 cycles, though 4 cycles is sufficient for most WM patients, and may
52

2

reduce risk of prolonged or late myelosuppression. Bendamustine dose
should be reduced in elderly patients (i.e. to 60-70 mg/m on days 1, 2
every 4 weeks), and those with diminished renal function. Rituximab should
be introduced when the serum IgM level is <4,000 mg/dL with Benda-R. A
cyclophosphamide-based regimen such as rituximab, oral cyclophosphamide
and dexamethasone (R-CD) can be considered as an alternative to BendaR. The ORR with R-CD or similar regimens are 80-90% with a median
PFS of 3 years. R-CHOP or R-CVP is not advantageous over R-CD or RCP, and can contribute to more toxicities including treatment-related
neuropathy. Maintenance therapy following Benda-R or R-CD can be
considered in responders (discussed below).
2

30,33

53-55

55
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Nucleoside-analogues with rituximab and/or cyclophosphamide in untreated
WM patients are associated with ORR of 85-95%, with a median PFS of 4
years. It is unclear whether including cyclophosphamide to a nucleosideanalogue containing regimen (such as FCR) extends activity in WM, and may
contribute to added toxicity. Because of immunosuppression,
myelosuppression, impact on stem cell collection, and potential secondary
malignancy risks including disease transformation, nucleoside-analogues
An exception may be for WM patients
should be cautiously used.
with Bing-Neel syndrome, for whom CNS responses can be obtained with
fludarabine. WM patients >70 years, and non-ASCT candidates may also
be candidates for nucleoside-analogue therapy. In elderly patients, fewer
days of therapy per cycle, and fewer treatment cycles may be considered to
minimize fludarabine-related toxicity. Herpes zoster prophylaxis should be
given for the duration of nucleoside-analogue treatment, and for at least
one-year from end of active nucleoside-analogue therapy. Cytokine
support per ASCO guidelines should be considered with alkylator or
nucleoside-analogue based therapies.
56-59

34-37,56-59

60

31,34

57

57

61

Ibrutinib was recently approved by the U.S. Food and Drug Administration,
and
adopted
into
National Comprehensive Cancer Network
13
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(NCCN) guidelines for symptomatic WM patients. While data on the activity
of ibrutinib in WM is based on previously treated patients (discussed below),
the number of prior lines of therapy had no impact on its activity.
Moreover, less pre-treated WM patients showed better PFS, and less toxicity.
However, patients with MYD88 had considerably lower response rates and
shorter PFS, while those with CXCR4 mutations showed slower initial
response that improved with prolonged (>6 months) therapy. The rapid
time to IgM reduction (4 weeks), and absence of a rituximab-like IgM flare
effect make the use of ibrutinib particularly attractive for patients with high
IgM levels (in whom use of rituximab would be problematic), as well as
those with IgM-related morbidity. There is no data on ibrutinib use in
patients with Bing-Neel Syndrome, or bulky adenopathy (>5 cm), though
30

14

WT

14

reductions in extramedullary disease occurred in most previously treated
patients on ibrutinib. The use of ibrutinib (if available) can be considered in
symptomatic frontline patients, though alternative options should be
considered for patients with bulky disease, and MYD88 disease. Ibrutinib
should be avoided in patients on warfarin, low platelet counts, and
bleeding. Patients with a prior history of arrhythmia may also experience
tachyarrythmias while on ibrutinib, and either close monitoring or alternative
treatment options should be sought. To minimize bleeding risk associated
with ibrutinib, any fish oil supplements should be discontinued, and drug
WT

14

14
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withheld for 3 to 7 days before and for 1 to 3 days after an anticipated
invasive procedure.
14

Treatment of the WM Patient Requiring Immediate Disease Control
For WM patients requiring immediate paraprotein control (as in Case 2),
plasmapheresis should initially be performed.
Typically 2-3 sessions of
30,33

Red blood cell
plasmapheresis reduce serum IgM levels by 30-60%.
transfusions (if required) should ideally follow plasmapheresis to not
aggravate the viscosity load. Blood-warmers should be used during
plasmapheresis in patients with cryoglobulinemia or cold-agglutinemia to
prevent cryoprecipitation and/or erythrocyte agglutination.
62,63

63

Treatment should be initiated as soon as possible after plasmapheresis, as
serum IgM levels will return to baseline in 4-5 weeks. Ibrutinib (if
available) may be ideal in such a setting, given the rapid time to IgM
reduction (median 4 and 8 weeks to at least a minor and major response,
respectively). If ibrutinib is not available, modified BDR consisting of
bortezomib at 1.3 mg/m2 and dexamethasone 20 mg can be given twice
weekly (on days 1, 4, 8, 11 every 21 days) for the first 1-2 cycles. Once
63

49
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the patient is stabilized, bortezomib (1.6 mg/m2) and dexamethasone (20
mg) can be given weekly, and up to 16 weeks (in total) of therapy can be
considered. Rituximab (375 mg/m /week) every 3-4 weeks can be
integrated into BDR once the serum IgM is under 4,000 mg/dL. In some
patients the serum IgM may remain unsafely high and continuance of twiceweekly bortezomib may be required. A close watch for bortezomib-related
neuropathy should be maintained, and treatment held for grade >2
neuropathy. CaRD can also be considered which is associated with low
treatment-related neuropathy risk. As an alternative, bendamustine based
therapy (as discussed above) can be considered. The serum IgM should be
carefully monitored for a few weeks after rituximab is initiated to monitor for
an IgM flare. Maintenance therapy can be considered for responders and is
discussed below.
2

50

52

Treatment of Paraprotein Related Peripheral Neuropathy
For patients with mild, progressive IgM-related PN (such as Case 1),
rituximab alone can be considered though its clinical impact remains in
Frequently, patients show a hematological response, without
question.
improvement in PN symptoms. The depth of response, and elapsed time
64-67
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between manifestation of PN symptoms and therapy can be factors. In
patients with chronic, longstanding PN, the goal is to prevent symptomatic
progression as myelin regeneration occurs very slowly. For patients with
moderate to severe IgM-related PN, combination therapy with rituximab may
also be effective. Ibrutinib has shown symptomatic improvement in WM
patients with IgM-related PN that progressed after rituximab, and is also
reasonable. In patients presenting with rapidly evolving IgM-related PN,
interim plasmapheresis may be useful before instituting definitive
chemotherapy. Steroid or IVIG use is of little value in the treatment of IgMrelated PN. Proteasome-inhibitor based therapy can be considered for
amyloid or cryoglobulin related PN, using either weekly dosed bortezomib or
carfilzomib to minimize risk of treatment-related neuropathy. As before,
68

67,68

69

68

proteasome inhibitor therapy should be held for grade >2 treatment-related
neuropathy. Cryoglobulin-related PN should only be treated if chronic
symptoms are present, and not for transient, cold-induced episodic events.

Therapy in previously treated WM
A suggested algorithm for the therapy of previously treated WM patients is
provided in Figure 2. The overall response rate for ibrutinib in previously
17
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treated WM patients was 91%, with 73% of these patients achieving a major
response. The 2-year estimate for progression-free and overall survival in
this study was 69% and 95% respectively. Overall and major response rates
were highest among patients with the MYD88 CXCR4 genotype
(100.0% and 91.2%), followed by MYD88 CXCR4 (85.7% and 61.9%)
and MYD88 CXCR4 (71.4% and 28.6%), respectively. Both major
responders among the 7 patients with MYD88 CXCR4 were subsequently
found to harbor other MYD88 mutations.
14

L265P

L265P

WT

WT

WHIM

WT

WT

WT

70

Overall, ibrutinib was well tolerated, though neutropenia and
thrombocytopenia were more common in heavily pre-treated patients.
Serum IgA and IgG levels remained unchanged following ibrutinib, and
treatment-related infections were infrequent. Patients should be maintained
on ibrutinib until evidence of progression, or intolerance despite dosereduction. Transient increases in serum IgM frequently occurred when
ibrutinib was withheld, and did not signify treatment failure as IgM levels
declined upon reinstitution of therapy.
14

While ibrutinib represents an ideal treatment strategy for relapsed or
refractory WM (as in Case 3), it is not available in many countries. The use
18
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of an alternative first-line agent (as discussed above) can be considered if
ibrutinib is not available. In patients for whom ASCT is seriously being
considered, exposure to stem-cell damaging agents such as chlorambucil or
nucleoside-analogues should be avoided, and a non-stem-cell toxic approach
considered if stem cells have not been previously harvested.
30,33

Everolimus has been investigated in WM. In previously treated WM patients,
the overall and major response rates to everolimus were 73% and 50%
respectively, with a median PFS of 21 months. Grade >3 toxicities,
69

particularly cytopenias, are common with everolimus. Pulmonary toxicity can
also occur, and managed with steroids. Among untreated, symptomatic WM
patients, the overall and major response rates for everolimus were 72% and
60%, respectively. Discordance between serum IgM levels and BM disease
response were commonly encountered in the frontline study which mandated
serial bone marrow assessments. Oral ulcerations frequently occurred with
everolimus, which could be prevented with an oral dexamethasone swish
and spit solution. Because of its toxicity profile, and frequent toxicity-related
treatment discontinuation, everolimus should be considered for third or
beyond line of therapy in WM patients.
71

19
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Stem cell transplantation (SCT) remains an option for salvage therapy in
WM, particularly among younger patients who have had multiple relapses, or
those patients with primary refractory disease. In an EBMTR study, the 5
year progression-free and overall survival were 40% and 69%, respectively,
for patients with predominately multi-relapsed or refractory disease who
received ASCT. The non-relapse mortality at one-year was low (4%), and
the presence of chemo-refractory disease and number of prior therapies
impacted both progression-free and overall survival in this study. WM
patients with amyloidosis may also benefit from ASCT. The outcome of
previously treated WM patients who received myeloablative and reducedintensity allogeneic transplantation was also reported by the EBMTR. Most
patients (69%) in this series had chemotherapy-sensitive disease. The ORR
72

73

74

was 76%, and the 5-year progression-free and overall survival rates were
56% and 62%, respectively. Among patients who received reduced-intensity
allogeneic transplantation, similar progression-free and overall survival rates
were observed (49% and 64%). Non-relapse mortality at 3 years was high,
at 33% and 23% for myeloablative and reduced-intensity allogeneic
transplantation, respectively. ASCT, and in very select cases, reducedintensity allogeneic transplantation may be considered as appropriate
salvage modalities, though the risks and benefits of these modalities should
be carefully weighed against other available treatment options including
20
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ibrutinib (if available).

30,33

Maintenance Therapy in WM
Maintenance rituximab therapy may be considered in WM patients
In a large
responding to a rituximab-containing induction regimen.
retrospective study, post-induction categorical responses improved in 42% of
30,33

patients receiving maintenance rituximab versus 10% in those on watchand-wait. Progression-free and overall survival was longer for patients on
maintenance rituximab as well. However, more infectious events (usually
grade 1 or 2 sinusitis or bronchitis) and lower serum IgA and IgG levels were
observed in patients on maintenance therapy. A prospective randomized
study examining maintenance rituximab versus observation has been
initiated by the German STiL group, and results awaited.
75

76

The optimal dosing schedule for maintenance rituximab therapy in WM
patients remains unclear. A single rituximab infusion (375 mg/m ) every 3
months for 2 years (as per Van Oers et al ) is reasonable over more
frequent dosing to minimize rituximab-related serum IgA and IgG
Maintenance therapy should be discontinued in WM
depletion.
2

77

78
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patients with low serum IgG and/or IgA levels and recurring sinobronchial
infections (>3-4/year) that require antibiotic support, or who experienced a
severe infection requiring hospitalization.

Combined maintenance therapy with rituximab and dexamethasone and
either bortezomib or carfilzomib has been investigated in WM, and can be
considered for WM patients who received BDR or CaRD induction,
respectively. Serum IgA and IgG depletion may be more pronounced with
proteasome-inhibitor containing maintenance regimens, and their levels
should be closely monitored. Shorter courses or longer intervals between
cycles may help minimize serum IgA and IgG depletion, and can be
considered in maintenance strategies that use BDR or CaRD. Neuropathy
may also be potentiated with bortezomib containing maintenance regimens
and should be carefully monitored, and treatment held for grade >2
treatment-related PN.
48,50

48

Response Assessment
Consensus response criteria have been developed as part of the
International Workshops on WM. A “major response” denotes a > 50%
79

22
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decrease in serum IgM levels, and includes partial and complete responses,
while the ORR includes minor responders. Durable clinical benefit has been
shown in minor responders, while deeper categorical responses such as
Response categories and
VGPR or CR are associated with longer PFS.
criteria for progressive disease in WM are summarized in Table 5. Either the
serum IgM or the IgM monoclonal spike may be used to track disease
burden in WM patients. However, gel migration patterns for the IgM
paraprotein can vary and confound serial IgM monoclonal spike assessments
in many cases. In patients with cryoglobulinemia, serum samples should
be obtained on warm baths (or equivalent) to minimize cryoprecipitation and
serum IgM underestimation. Serum IgM levels can fluctuate with certain
biological agents including rituximab, everolimus, bortezomib, and
80,81

82

83

In circumstances when the serum IgM levels appear out
ibrutinib.
of context with clinical impression, a BM biopsy should be considered.
14,38,39,70,84

Novel Agents for WM
Investigational therapies under development for WM include agents that
target MYD88, CXCR4, BCL2, and CD27/CD70 signaling, novel proteasome
inhibitors, and chimeric antigen receptor (CAR) modified T-cell therapy.
Idelalisib blocks PI3Kδ, a growth promoting transcription factor that
23
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is activated by MYD88 .
A 70% ORR was observed among ten
previously treated WM patients evaluated in a larger study, and a
prospective study in previously treated WM patients is forthcoming. IMO8400 is an oligonucleotide that inhibits Toll-receptors 7, 8, and 9, and
WM cells. A clinical trial examining IMOinduces apoptosis in MYD88
8400 in WM has been initiated. IRAK1/IRAK4 kinases mediate MYD88
directed NFkB signaling, and their inhibition triggers apoptosis in MYD88
Moreover, combined BTK and IRAK1/4
expressing malignant cells.
malignant cells.
inhibition induces synergistic killing of MYD88
Compounds that inhibit IRAK signaling are under intense preclinical
diseases.
The anti-apoptotic factor
investigation for use in MYD88
The BCL-2 inhibitor ABT-199
BCL-2 is over-expressed in WM cells.
L265P 85,86

L265P

87

L265P

L265P

7,88

L265P

L265P

88

89,90

91,92

induces apoptosis, and shows at least additive anti-apoptotic activity against
WM cells co-treated with either ibrutinib or idelalisib. In a prospective
clinical study, 3 of 4 WM previously treated WM patients responded, that
included one CR.
93

94

Oprozomib is an oral epoxyketone proteasome-inhibitor that is an analog of
carfilzomib. An ORR of 59% was observed in a phase 2 study in previously
treated WM patients. Clinical trials examining the oral proteasome-inhibitor
ixazomib have also been initiated in combination with dexamethasone
95

96

24
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and rituximab in symptomatic untreated, as previously treated WM patients.
Soluble CD27 (sCD27) is released by WM cells, and stimulates growth
promoting ligands through CD70. CD70 is also expressed on WM cells. A
clinical trial examining a novel human anti-CD70 (ArgenX-70) antibody that
mediates ADCC and blocks sCD27-CD70 signaling is being initiated in
previously treated WM patients. In pre-clinical studies, CXCR4 antagonists
blocked SDF-1a rescue of apoptosis mediated by ibrutinib, idelalisib, and
A trial examining ibrutinib with the anti-CXCR4
other therapeutics.
antibody ulocuplumab (BMS-936564) is being planned in WM patients given
encouraging safety and efficacy data in myeloma patients, as well as in vivo
mutated WM
results with ulocuplumab in mice engrafted with CXCR4
Chimeric antigen receptor (CAR) modified T-cell therapy utilizing a
cells.
97,98

99

100

101

10,102,103

WHIM

10,104

second generation CAR derived from a CD19-directed antibody fused to the ζ
chain of CD3, and the intracellular signaling domain of CD28 (19-28z) has
shown robust preclinical activity against WM cells. A clinical trial for
relapsed or refractory WM patients using 19-28z CAR modified autologous Tcells has been initiated.
105

25

From www.bloodjournal.org by guest on May 26, 2015. For personal use only.

Case Management
Case 1. Given the non-urgent nature of this WM patient’s presentation,
rituximab was started for progressive, symptomatic IgM-related neuropathy.
The patient did encounter an IgM flare, and worsening neuropathic
symptoms. He underwent plasmapheresis and was transitioned to CDR, and
achieved a PR with near resolution of his neuropathic symptoms. He
completed 2-years of maintenance rituximab therapy, and remains in a
partial response, without peripheral neuropathy, five-years later. Under
similar circumstances today, ibrutinib (if available) could be considered as an
appropriate initial or second line intervention.

Case 2. This 42-year old WM patient presented with symptomatic
hyperviscosity. The patient also had bulky adenopathy and splenomegaly at
the time of presentation. He underwent emergent plasmapheresis, and then
received blood transfusions so as to not aggravate whole blood viscosity
levels. Given his young age, and need for rapid paraprotein reduction,
bortezomib and dexamethasone (without rituximab to avoid an IgM-flare)
was started. Serum IgM levels were closely monitored post-pheresis, and he
received additional plasma exchanges when serum IgM exceeded 5,000
26
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mg/dL. After three cycles of bortezomib and dexamethasone no response
occurred, and he was started on bendamustine. The serum IgM level
decreased to 3,400 mg/dL following 2 cycles of bendamustine, and no
further plasmapheresis was required. Rituximab was then added to
bendamustine for 4 additional cycles, with continued close monitoring of
serum IgM levels. Maintenance rituximab therapy followed for 2 additional
years, and he achieved a VGPR with complete resolution of all extramedullary disease. Two-years after treatment, he remains without
progression, though has required IVIG replacement for recurring sinobronchial infections associated with treatment related serum IgA and IgG
depletion. Under similar circumstances today, ibrutinib (if available), would
represent a very reasonable option to use either as initial or subsequent
therapy. The IgG and IgA sparing effects associated with ibrutinib may have
also prevented the need for IVIG replacement in this patient.

Case 3. This case illustrates a young WM patient refractory to multiple
agents. Nucleoside analogues, alemtuzumab and allogeneic stem cell
transplantation were considered, though the patient declined these options
because of toxicity concerns. A BM biopsy confirmed persistent WM disease
with a MYD88 CXCR4 genotype. He received ibrutinib on a clinical trial
and attained a partial response. Post- therapy, his hematocrit normalized
L265P

WT

27

From www.bloodjournal.org by guest on May 26, 2015. For personal use only.

and he remains in a partial response 2.5 years later.

Acknowledgements
This work was supported by Peter Bing M.D., the Linda and Edward Nelson
Endowment for Studies into Waldenstrom’s Macroglobulienmia, the Kerry
Robertson Fund for Waldenstrom’s Research, the Bauman Family
Foundation, and the International Waldenstrom’s Macroglobulinemia
Foundation.

Conflicts of Interest
Dr. Treon has disclosed active research funding, consulting fees, and/or
speaking honoraria from Janssen Pharmaceuticals Inc., Onyx Inc.,
Pharmacyclics Inc., and Gilead Pharmaceuticals Inc.

28

From www.bloodjournal.org by guest on May 26, 2015. For personal use only.

References
1. Owen RG, Treon SP, Al-Katib A, et al. Clinicopathological definition of
Waldenström’s macroglobulinemia: Consensus Panel Recommendations
from the Second International Workshop on Waldenström’s
macroglobulinemia. Semin Oncol 2003; 30:110–15.
2. World Health Organization Classification of Tumours of Haematopoietic
and Lymphoid Tissues. Swerdlow, SH, Campo, E, Harris, NL, et al. (Eds),
IARC Press, Lyon 2008.
3. Treon SP, Xu L, Yang G, et al: MYD88 L265P somatic mutation in
Waldenstrom's macroglobulinemia. N Engl J Med 2012; 367:826-33.
4. Xu L, Hunter Z, Yang G, et al. MYD88 L265P in Waldenstrom
macroglobulinemia, immunoglobulin M monoclonal gammopathy, and
other B-cell lymphoproliferative disorders using conventional and
quantitative allele-specific polymerase chain reaction. Blood. 2013;
121(11):2051-8.
5. Varettoni M, Arcaini L, Zibellini S, et al. Prevalence and clinical
significance of the MYD88 L265P somatic mutation in Waldenstrom
macroglobulinemia, and related lymphoid neoplasms. Blood. 2013; 121:
2522-8.
6. Jiménez C, Sebastián E, Del Carmen Chillón M, et al. MYD88 L265P is a
marker highly characteristic of, but not restricted to, Waldenström's
29

From www.bloodjournal.org by guest on May 26, 2015. For personal use only.

macroglobulinemia. Leukemia 2013; 27(8):1722-8.
7. Poulain S, Roumier C, Decambron A, et al. MYD88 L265P mutation in
Waldenstrom’s macroglobulinemia. Blood 2013; 121(22): 4504-11.
8. Ansell SM, Hodge LS, Secreto FJ, et al. Activation of TAK1 by MYD88
L265P drives malignant B-cell growth in Non-Hodgkin lymphoma. Blood
Cancer J. 2014 Feb 14;4:e183. doi: 10.1038/bcj.2014.4.
9. Hunter ZR, Xu L, Yang G, Zhou Y, Liu X, Cao Y, et al. The genomic
landscape of Waldenstöm’s Macroglobulinemia is characterized by highly
recurring MYD88 and WHIM-like CXCR4 mutations, and small somatic
deletions associated with B-cell lymphomagenesis. Blood 2014;
123(11):1637-46.
10. Roccaro A, Sacco A, Jiminez C, et al. C1013G/CXCR4 acts as a driver
mutation of tumor progression and modulator of drug resistance in
lymphoplasmacytic lymphoma. Blood. 2014; 123(26):4120-31.
11. Schmidt J, Federmann B, Schindler N, et al. MYD88 L265P and CXCR4
mutations in lymphoplasmacytic lymphoma identify cases with high
disease activity. Br J Haematol 2015 Mar 29. doi: 10.1111/bjh.13361.
[Epub ahead of print]
12. Poulain S, Roumier C, Doye E, et al. Genomic Landscape of CXCR4
Mutations in Waldenstrom's Macroglobulinemia. Blood 2014 124:1627.
13. Treon SP, Cao Y, Xu L, et al. Somatic mutations in MYD88 and CXCR4
are determinants of clinical presentation and overall survival in
30

From www.bloodjournal.org by guest on May 26, 2015. For personal use only.

Waldenstrom macroglobulinemia. Blood. 2014;123(18):2791-6.
14. Treon SP, Tripsas CK, Meid K, et al. Ibrutinib in previously treated
Waldenstrom’s Macroglobulinemia. N Engl J Med. 2015; 372(15):143040.
15. Treon SP, Hunter ZR, Matous J, et al. Multicenter clinical trial of
bortezomib in relapsed/refractory Waldenstrom's macroglobulinemia:
results of WMCTG Trial 03-248. Clin Cancer Res. 2007; 13(11):3320-5.
16. Ghobrial IM, Gertz M, LaPlant B, et al. Phase II Trial of the Oral
Mammalian Target of Rapamycin Inhibitor Everolimus in Relapsed or
Refractory Waldenström Macroglobulinemia. J Clin Oncol. 2010; 28(8):
1408–1414.
17. Tedeschi A, Benevolo G, Varettoni M, et al. Fludarabine plus
cyclophosphamide and rituximab in Waldenstrom macroglobulinemia: an
effective but myelosuppressive regimen to be offered to patients with
advanced disease. Cancer. 2012; 118(2):434-43.
18. Merlini G, Farhangi M, Osserman EF. Monoclonal immunoglobulins with
antibody activity in myeloma, macroglobulinemia and related plasma cell
dyscrasias. Semin Oncol 1986; 13:350–65.
19. Farhangi M, Merlini G. The clinical implications of monoclonal
immunoglobulins. Semin Oncol 1986; 13:366–79.
20. Marmont AM, Merlini G. Monoclonal autoimmunity in hematology.
Haematologica 1991; 76:449–59.
31

From www.bloodjournal.org by guest on May 26, 2015. For personal use only.

21. Treon SP, Hunter ZR, Aggarwal A, et al. Characterization of familial
Waldenstrom’s Macroglobulinemia. Ann Oncol 2006; 17: 488-94.
22. McMaster ML, Csako G, Giambarresi TR, et al. Long-term evaluation of
three multiple-case Waldenstrom macroglobulinemia families. Clin
Cancer Res 2007; 13: 5063-9.
23. Kristinsson SY, Bjorkholm M, Goldin LR, et al. Risk of lymphoproliferative
disorders among first-degree relatives of lymphoplasmacytic
lymphoma/Waldenstrom macroglobulinemia patients: a population-based
study in Sweden. Blood 2008; 112: 3052-6.
24. Treon SP, Tripsas C, Hanzis C, et al. Familial disease predisposition
impacts treatment outcome in patients with Waldenström
macroglobulinemia. Clin Lymphoma Myeloma Leuk. 2012;12(6):433-7.
25. Santini GF, Crovatto M, Modolo ML, et al. Waldenström
macroglobulinemia: a role of HCV infection? Blood 1993; 82:2932.
26. Silvestri F, Barillari G, Fanin R, et al. Risk of hepatitis C virus infection,
Waldenström’s macroglobulinemia, and monoclonal gammopathies.
Blood 1996; 88:1125–6.
27. Leleu X, O’Connor K, Ho A, et al. Hepatitis C Viral Infection Is Not
Associated with Waldenstrom’s Macroglobulinemia. Am J Hematol 2006.
Am J Hematol 2007; 82: 83-4.
28. Treon SP. How I treat Waldenstrom Macroglobulinemia. Blood. 2009;
114:2375-85.
32

From www.bloodjournal.org by guest on May 26, 2015. For personal use only.

29. Kyle RA, Treon SP, Alexanian R, et al. Prognostic markers and criteria to
initiate therapy in Waldenstrom’s Macroglobulinemia: Consensus Panel
Recommendations from the Second International Workshop on
Waldenstrom’s Macroglobulinemia. Semin Oncol 2003; 30: 116-120.
30. Anderson KC, Alsina M, Bensinger W, et al. Waldenström's
macroglobulinemia/lymphoplasmacytic lymphoma, version 1.2013. J Natl
Compr Canc Netw. 2013 Jan 1;11(1):11-7.32.
31. Ciccarelli BT, Patterson CJ, Hunter ZR, et al. Hepcidin is produced by
lymphoplasmacytic cells and is associated with anemia in Waldenström's
Macroglobulinemia. Clin Lymphoma Myeloma Leuk. 2011; 11(1):160-3.
32. Treon SP, Tripsas C, Ciccarelli BT, Manning RJ, Patterson CJ, Sheehy P,
Hunter ZR. Patients with Waldenstrom Macroglobulinemia Commonly
Present With Iron Deficiency and Those With Severely Depressed
Transferrin Saturation Levels Show Response to Parenteral Iron
Administration. Clin Lymphoma Myeloma Leuk. 2013; 13(2):241-3.
33. Dimopoulos MA, Kastritis E, Owen RG et al. Treatment recommendations
for patients with Waldenström macroglobulinemia (WM) and related
disorders: IWWM-7 consensus. Blood. 2014; 124(9):1404-11.
34. Thomas S, Hosing C, Delasalle KB, et al. Success rates of autologous
stem cell collection in patients with Waldenstrom’s macroglobulinemia.
Proc 5th International Workshop on Waldenstrom’s macroglobulinemia
2008 (Supplemental Abstract).
33

From www.bloodjournal.org by guest on May 26, 2015. For personal use only.

35. Leleu XP, Manning R, Soumerai JD, et al. Increased incidence of
transformation and myelodysplasia/acute leukemia in patients with
Waldenström macroglobulinemia treated with nucleoside analogs. J. Clin.
Oncol. 2009; 27: 250-5.
36. Leleu X, Tamburini J, Roccaro A, et al. Balancing risk versus benefit in
the treatment of Waldenstrom’s macroglobulinemia patients with
nucleoside-analogue based therapy. Clin. Lymph. Myeloma. 2009; 9:7173.
37. Rakkhit R, Delasalle KB, Gavino MB, et al. Incidence of transformation to
large cell lymphoma and to second malignancies in symptomatic patients
with Waldenstrom’s macroglobulinemia (WM) treated with cladribine (2CdA) combination induction. Blood. 2008; 112: Abstract 3065.
38. Treon SP, Branagan AR, Hunter ZR, et al. Paradoxical increases in serum
IgM and viscosity levels following rituximab in Waldenstrom's
macroglobulinemia. Ann Oncol 2004; 15:1481-3.
39. Ghobrial IM, Fonseca R, Greipp PR, et al: Initial immunoglobulin M “flare”
after rituximab therapy in patients with Waldenstrom Macroglobulinemia:
An Eastern Cooperative Oncology Group Study. Cancer 2004; 101:25938.
40. Ghobrial IM, Uslan DZ, Call TG, et al. Initial increase in the cryoglobulin
level after rituximab therapy for type II cryoglobulinemia secondary to
Waldenström macroglobulinemia does not indicate failure of
34

From www.bloodjournal.org by guest on May 26, 2015. For personal use only.

response. Am J Hematol 2004; 77: 329-30.
41. Noronha V, Fynan TM, Duffy T. Flare in neuropathy following rituximab
therapy for Waldenstrom's macroglobulinemia. J Clin Oncol 2006; 24:
E3.
42. Broglio L, Lauria G. Worsening after rituximab treatment in anti-MAG
neuropathy. Muscle Nerve 2005; 32:378-9.
43. Gertz MA, Rue M, Blood E, et al: Multicenter phase 2 trial of rituximab for
Waldenstrom macroglobulinemia (WM): An Eastern Cooperative
Oncology Group Study (E3A98) Leuk. Lymphoma. 45:2047-2055, 2004.
44. Dimopoulos MA, Zervas C, Zomas A, et al: Treatment of Waldenstrom’s
macroglobulinemia with rituximab. J Clin Oncol 2002; 20:2327-33.
45. Treon SP, Emmanouilides C, Kimby E, et al. Extended rituximab therapy
in Waldenström’s Macroglobulinemia. Ann Oncol 2005; 16:132-8.
46. Furman RR, Eradat H, Switzky JC, et al. A Phase II Trial of Ofatumumab
In Subjects with Waldenstrom's Macroglobulinemia. Blood 2011; 118:
Abstract 3701.
47. Kanan S, Meid K, Treon SP, et al. Clinical Characteristics of Rituximab
Intolerance in Patients with Waldenstrom's Macroglobulinemia. Proc. Am.
Soc. Hematology 2014; Abstract 2610.
48. Treon SP, Ioakimidis L, Soumerai JD, et al. Primary therapy of
Waldenstrom’s Macroglobulinemia with Bortezomib, Dexamethasone and
35

From www.bloodjournal.org by guest on May 26, 2015. For personal use only.

Rituximab: Results of WMCTG Clinical Trial 05-180. J. Clin. Oncol. 2009;
27:3830-5.
49. Dimopoulos MA, García-Sanz R, Gavriatopoulou M, et al. Primary therapy
of Waldenstrom macroglobulinemia (WM) with weekly bortezomib, lowdose dexamethasone, and rituximab (BDR): long-term results of a phase
2 study of the European Myeloma Network (EMN). Blood. 2013;
122(19):3276-82.
50. Treon SP, Tripsas CK, Meid K, et al. Carfilzomib, rituximab, and
dexamethasone (CaRD) treatment offers a neuropathy-sparing approach
for treating Waldenström's Macroglobulinemia. Blood. 2014; 124(4):50310.
51. Moreau P, Pylypenko H, Grosicki S, Karamanesht I, et al. Subcutaneous
versus intravenous administration of bortezomib in patients with
relapsed multiple myeloma: a randomised, phase 3, non-inferiority
study. Lancet Oncol. 2011; 12(5):431-40.
52. Rummel M, Niederle N, Maschmeyer G, et al. Bendamustine plus
rituximab versus CHOP plus rituximab as first-line treatment for patients
with indolent and mantle-cell lymphomas: an open-label, multicentre,
randomised, phase 3 non-inferiority trial. Lancet. 2013;
381(9873):1203-10.
53. Dimopoulos MA, Anagnostopoulos A, Kyrtsonis MC, et al. Primary
treatment of Waldenstrom’s macroglobulinemia
with
36

From www.bloodjournal.org by guest on May 26, 2015. For personal use only.

Dexamethasone, Rituximab and Cyclophosphamide. J Clin Oncol 2007;
25:3344-9.
54. Buske C, Hoster E, Dreyling MH, et al. The addition of rituximab to frontline 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 randomized trial of the German Low-Grade
Lymphoma Study Group (GLSG). Leukemia 2009; 23: 153-61.
55. Ioakimidis L, Patterson CJ, Hunter ZR, Soumerai JD, Manning RJ, Sheehy
P, Treon SP. Comparative outcomes following CP-R, CVP-R and CHOP-R
in Waldenstrom’s Macroglobulinemia. Clin Lymphoma Myeloma 2009;
9:62-6.
56. Weber DM, Dimopoulos MA, Delasalle K, et al. 2-Chlorodeoxyadenosine
alone and in combination for previously untreated Waldenstrom's
macroglobulinemia. Semin Oncol. 2003 Apr;30(2):243-7.
57. Treon SP, Branagan AR, Ioakimidis L, et al. Long term outcomes to
Fludarabine and Rituximab in Waldenström’s macroglobulinemia. Blood
2009; 113(16): 3673-8.
58. Laszlo D, Andreola G, Rigacci L, et al. Rituximab and Subcutaneous 2Chloro-2′-Deoxyadenosine Combination Treatment for Patients With
Waldenström Macroglobulinemia: Clinical and Biologic Results of a Phase
II Multicenter Study. J. Clin. Oncol. 2010; 28(13):2233-8.
59. Tedeschi A, Benevolo G, Varettoni M, et al. Fludarabine plus
37

From www.bloodjournal.org by guest on May 26, 2015. For personal use only.

cyclophosphamide and rituximab in Waldenstrom macroglobulinemia: an
effective but myelosuppressive regimen to be offered to patients with
advanced disease. Cancer. 2012; 118(2):434-43.
60. Vos J MI, Kersten MJ, Kraan W, et al. Bing Neel Syndrome with good
response to Low Dose oral Fludarabine in Four (4) Consecutive Patients.
8th International Workshop on Waldenstrom’s Macroglobulinemia.
August 14-16, 2014. Abstract W25.
61. Smith TJ, Khatcheressian J, Lyman GH, et al. 2006 update of
recommendations for the use of white blood cell growth factors: an
evidence-based clinical practice guideline. J Clin Oncol. 2006;
24(19):3187-205.
62. Stone MJ, Bogen SA. Evidence-based focused review of management of
hyperviscosity syndrome. Blood. 2012; 119(10):2205-8.
63. Menke MN, Treon SP. Hyperviscosity Syndrome. In: Clinical Malignant
Hematology, pgs. 937-41, Sekeres, Kalaycio, Bolwell eds., McGraw Hill
Publishing, New York, 2007.
64. Renaud S, Gregor M, Fuhr P, et al. Rituximab in the treatment of
polyneuropathy associated with anti-MAG antibodies. Muscle Nerve.
2003; 27(5):611-5.
65. Léger JM, Viala K, Nicolas G, et al. Placebo-controlled trial of rituximab in
IgM anti-myelin-associated glycoprotein neuropathy. Neurology. 2013;
80(24):2217-25.
38

From www.bloodjournal.org by guest on May 26, 2015. For personal use only.

66. Lunn MP, Nobile-Orazio E. Immunotherapy for IgM anti-myelinassociated glycoprotein paraprotein-associated peripheral neuropathies.
Cochrane Database Syst Rev. 2012; 5:CD002827. doi:
10.1002/14651858.CD002827.pub3.
67. Hospital MA, Viala K, Dragomir S, et al. Immunotherapy-based regimen
in anti-MAG neuropathy: results in 45 patients. Haematologica.
2013;98(12):e155-7. doi: 10.3324/haematol.2013.087213.
68. Treon SP, Hanzis C, Ioakimidis L, et al. Clinical characteristics and
treatment outcome of disease-related peripheral neuropathy in
Waldenstrom's macroglobulinemia (WM). J Clin Oncol. 2010; 28:15s
(Abstract 8114).
69. Ghobrial IM, Witzig TE, Gertz M, et al. Long-term results of the phase II
trial of the oral mTOR inhibitor everolimus (RAD001) in relapsed or
refractory Waldenstrom Macroglobulinemia. Am J Hematol. 2014;
89(3):237-42.
70. Treon SP, Xu L, Hunter ZR. MYD88 mutations and ibrutinib responses in
Waldenstrom’s Macroglobulinemia. N Engl J Med. 2015; Letter in press.
71. Treon SP, Tripsas CK, Meid K, et al. Prospective, multicenter study of the
MTOR inhibitor everolimus (RAD001) as primary therapy in
Waldenstrom’s Macroglobulinemia. Blood 2013; 122:1822.
72. Kyriakou C, Canals C, Sibon D, et al. High-dose therapy and autologous
stem-cell transplantation in Waldenstrom macroglobulinemia:
39

From www.bloodjournal.org by guest on May 26, 2015. For personal use only.

the Lymphoma Working Party of the European Group for Blood and
Marrow Transplantation. J Clin Oncol 2010; 28:2227-32.
73. Gertz MA, Hayman SR, Buadi FK. Transplantation for IgM amyloidosis
and IgM myeloma. Clin Lymphoma Myeloma 2009; 9:77-79.
74. Kyriakou C, Canals C, Cornelissen JJ, et al. Allogeneic stem-cell
transplantation in patients with Waldenström macroglobulinemia: report
from the Lymphoma Working Party of the European Group for Blood and
Marrow Transplantation. J Clin Oncol. 2010; 28:4926-34.
75. Treon SP, Hanzis, C, Manning, RJ, et al. Maintenance Rituximab is
associated with improved clinical outcome in Rituximab naïve patients
with Waldenstrom’s Macroglobulinemia who respond to a Rituximab
containing regimen. Br J Haematol 2011; 154:357-62.
76. Rummel MJ, Lerchenmüller C, Greil R, et al. Bendamustine-Rituximab
Induction Followed by Observation or Rituximab Maintenance for Newly
Diagnosed Patients with Waldenström's Macroglobulinemia: Results From
a Prospective, Randomized, Multicenter Study (StiL NHL 7–2008). Blood
2012; 120: 2739.
77. van Oers MH, Klasa R, Marcus RE, et al. Rituximab maintenance
improves clinical outcome of relapsed/resistant follicular non-Hodgkin
lymphoma in patients both with and without rituximab during induction:
results of a prospective randomized phase 3 intergroup trial. Blood 2006;
108:3295-301.
40

From www.bloodjournal.org by guest on May 26, 2015. For personal use only.

78. Hunter ZR, Manning RJ, Hanzis C, et al. IgA and IgG
hypogammaglobulinemia in Waldenström's macroglobulinemia.
Haematologica. 2010; 95(3):470-5.
79. Owen RG, Kyle RA, Stone MJ, et al. Response Assessment in
Waldenstrom Macroglobulinemia. Brit. J. Haematol. 2013; 160(2):171-6.
80. Gertz MA, Abonour R, Heffner LT, et al. Clinical value of minor responses
after 4 doses of rituximab in Waldenström macroglobulinaemia: a followup of the Eastern Cooperative Oncology Group E3A98 trial. Brit. J.
Haematol. 2009; 147(5):677-80.
81. Treon SP, Yang G, Hanzis C, et al. Attainment of complete/very good
partial response following rituximab-based therapy is an important
determinant to progression-free survival, and is impacted by
polymorphisms in FCGR3A in Waldenstrom macroglobulinaemia. Brit. J.
Haematol. 2011; 154(2): 223-8.
82. Tripsas CK, Patterson CJ, Uljon SN, et al. Comparative response
assessment by serum immunoglobulin M M-protein and total serum
immunoglobulin M after treatment of patients with Waldenström
macroglobulinemia. Clin Lymphoma Myeloma Leuk. 2013; 13(2):250-2.
83. Uljon SN, Treon SP, Tripsas CK, Lindeman NI. Challenges with serum
protein electrophoresis in assessing progression and clinical response in
patients with Waldenström macroglobulinemia. Clin Lymphoma Myeloma
Leuk. 2013; 13(2):247-9.
41

From www.bloodjournal.org by guest on May 26, 2015. For personal use only.

84. Strauss SJ, Maharaj L, Hoare S, et al. Bortezomib therapy in patients
with relapsed or refractory lymphoma: Potential correlation of in vitro
sensitivity and tumor necrosis factor alpha response with clinical activity.
J Clin Oncol 2006; 24: 2105-12.
85. Yang G, Liu X, Zhou Y, et al. PI3K/AKT pathway is activated by MYD88
L265P and use of PI3K-delta inhibitors induces robust tumor cell killing in
Waldenstrom’s Macroglobulinemia. Blood 2013; 121: Abstract 4255.
86. Gopal AK, Kahl BS, de Vos S, Wagner-Johnston ND, Schuster SJ, Jurczak
WJ et al. PI3Kδ inhibition by idelalisib in patients with relapsed indolent
lymphoma. N Engl J Med. 2014; 370(11):1008-18.
87. Brenner L, Arbeit RD, Sullivan T. IMO-8400, an Antagonist of Toll-like
Receptors 7, 8, and 9, in Development for Genetically Defined B-Cell
Lymphomas: Safety and Activity in Phase 1 and Phase 2 Clinical Trials.
Proc. American Society for Hematol. 2014; Abstract 3101.
88. Yang G, Zhou Y, Liu X, Xu L, Cao Y, Manning RJ, et al. A mutation in
MYD88 (L265P) supports the survival of lymphoplasmacytic cells by
activation of Bruton tyrosine kinase in Waldenstrom macroglobulinemia.
Blood 2013; 122(7):1222-32.
89. Lim KH, Romero DL, Chaudhary D, et al. IRAK4 Kinase As A Novel
Therapeutic Target in the ABC Subtype of Diffuse Large B Cell
Lymphoma; Proc. Am. Soc. Hematol. 2012; Abstract 62.
8th
International
90. Burhlage S. Kinome targets and inhibitors.
42

From www.bloodjournal.org by guest on May 26, 2015. For personal use only.

Workshop on Waldenstrom’s Macroglobulinemia. August 14-16, 2014.
Abstract 27.
91. Chng WJ, Schop RF, Price-Troska T, et al. Gene-expression profiling of
Waldenström macroglobulinemia reveals a phenotype more similar to
chronic lymphocytic leukemia than multiple myeloma. Blood 2006;
108:2755–63.
92. Hatjiharissi, E, Mitsiades CS, Ciccarelli B, et al. Comprehensive Molecular
Characterization of malignant and microenvironmental cells in
Waldenstrom's Macroglobulinemia by Gene Expression Profiling. Blood
2007; 110:933a.
93. Cao Y, Yang G, Hunter ZR, et al. The BCL2 antagonist ABT-199 triggers
apoptosis, and augments ibrutinib and idelalisib mediated cytotoxicity in
CXCR4Wild-type
and CXCR4WHIM mutated Waldenstrom
macroglobulinaemia cells. Brit. J. Hematol. 2014; manuscript accepted.
94. Davids MS, Seymour JF, Gerecitano JF, et al. Phase I study of ABT-199
(GDC-0199) in patients with relapsed/refractory non-Hodgkin
lymphoma: Responses observed in diffuse large B-cell (DLBCL) and
follicular lymphoma at higher cohort doses. J. Clin. Oncol. 2015; 32(5s):
Abstract 8522.
95. Hurchla MA, Garcia-Gomez A, Hornick MC, et al. The epoxyketone-based
proteasome inhibitors carfilzomib and orally bioavailable oprozomib have
anti-resorptive and bone-anabolic activity in addition to anti-myeloma
43

From www.bloodjournal.org by guest on May 26, 2015. For personal use only.

effects. Leukemia. 2013; 27(2):430-40.
96. Siegel DS, Kaufman JL, Raje NS, et al. Updated Results from a
Multicenter, Open-Label, Dose-Escalation Phase 1b/2 Study of SingleAgent Oprozomib in Patients with Waldenström Macroglobulinemia (WM).
Proc. American Society for Hematol. 2014; Abstract 1785.
97. Chauhan D, Tian Z, Zhou B, et al. In vitro and in vivo selective antitumor
activity of a novel orally bioavailable proteasome inhibitor MLN9708
against multiple myeloma cells. Clin Cancer Res 2011; 17(16):53115321.
98. Richardson PG, Baz R, Wang M. Phase 1 study of twice-weekly ixazomib,
an oral proteasome inhibitor, in relapsed/refractory multiple myeloma
patients. Blood. 2014; 124(7):1038-46.
99. Sahota SS, Forconi F, Ottensmeier CH, et al. Typical Waldenström
macroglobulinemia is derived from a B-cell arrested after cessation of
somatic mutation but prior to isotype switch events. Blood 2002;
100:1505–7.
100. Ho AW, Hatjiharissi E, Branagan AR, et al. CD27-CD70 interactions in
the pathogenesis of Waldenstrom’s Macroglobulinemia. Blood 2008;
112(12):4683-9.
101. Thibault A, de Haard H, Meid K, et al. A Phase 1/2 study of ARGX-110,
a monoclonal antibody targeting CD70, a receptor involved in sCD27
signaling in patients with relapsed or
refractory
Waldenström’s
44

From www.bloodjournal.org by guest on May 26, 2015. For personal use only.

macroglobulinemia. 8th International Workshop on Waldenstrom’s
Macroglobulinemia. August 14-16, 2014. Abstract W38.
102. Cao Y, Hunter ZR, Liu X, et al. The WHIM-like CXCR4S338X somatic
mutation activates AKT and ERK, and promotes resistance to ibrutinib
and other agents used in the treatment of Waldenstrom’s
Macroglobulinemia. Leukemia. 2014 Jun 10. doi: 10.1038/leu.2014.187.
103. Cao Y, Hunter ZR, Liu X, et al. CXCR4 WHIM-like frameshift and
nonsense mutations promote ibrutinib resistance but do not supplant
MYD88 L265P directed signaling in Waldenstrom macroglobulinaemia
cells. Br J Haematol. 2015 Mar;168(5):701-7.
104. Ghobrial IM, Perez R, Baz R, et al. Phase Ib study of the novel antiCXCR4 antibody ulocuplumab (BMS-936564) in combination with
lenalidomide plus low-dose dexamethasone, or with bortezomib plus
dexamethasone in subjects with relapsed or refractory multiple
myeloma. Blood 2014; 124: 3483 (abstract).
105. Smith EL, Palomba ML, Park J H, et al. A Systemic Xenograft Model of
Waldenström’s Macroglobulinemia Demonstrates the Potent Anti-Tumor
Effect of Second Generation CD19 Directed Chimeric Antigen Receptor
Modified T Cells in This Disease. Proc. American Society for Hematol.
2014; Abstract 4484.
106. Nagao T, Oshikawa G, Ishida S, et al. A novel MYD88 mutation,
L265RPP, in Waldenstrom’s macroglobulinemia activates the
45

From www.bloodjournal.org by guest on May 26, 2015. For personal use only.

NF-kB pathway to upregulate Bcl-xL expression and enhance cell
survival. Blood Cancer J. 2015; May 15; 5:e314. Doi:
10.1038/bcj.2015.36

46

From www.bloodjournal.org by guest on May 26, 2015. For personal use only.

Legends
Figure 1. Guide to the Primary Therapy of Waldenstrom’s
Macroglobulinemia. HV, hyperviscosity; CRYO, Cryoglobulinemia; CAGG,

Cold Agglutinemia. BDR (Bortezomib, Dexamethasone, Rituximab); Benda-R
(Bendamustine,
Rituximab);
CaRD
(Carfilzomib,
Rituximab,
Dexamethasone); CDR (Cyclophosphamide, Dexamethasone, Rituximab); FR
(Fludarabine, Rituximab), IB (Ibrutinib), R (Rituximab). Consider blood
warmers with plasmapheresis in patients with cryoglobulinemia or cold
agglutinemia to avoid cryoprecipitation or agglutination. Can be considered
in patients who are not wild-type for MYD88 , and for those patients
without bulky adenopathy or Bing-Neel Syndrome. For patients requiring
immediate disease control, consider twice weekly dosed bortezomib for 1-2
cycles, then if patient stable switch to weekly bortezomib to reduce risk of
treatment related peripheral neuropathy. In patients not requiring
immediate disease control, the use of weekly dosed bortezomib is
preferable. Bortezomib should be avoided in patients with disease related
neuropathy. Bortezomib should be held for grade >2 treatment-related
neuropathy. Acyclovir and famotidine (or equivalent) are strongly
recommended for patients on proteasome inhibitor therapy. Rituximab
should be held in patients with symptomatic HV, severe CRYO or CAGG, and
in asymptomatic patients with serum IgM >4,000 mg/dL to avoid an IgM
flare and potentiation of symptoms. Ofatumumab may be considered for
rituximab intolerant patients. Consider maintenance rituximab for patients
responding to a rituximab-containing regimen. See text for suggested
dosing, cycles and scheduling of therapy. A clinical trial should be considered
whenever possible.
1

2

70

3

4
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Figure 2. Guide to therapy of previously treated Waldenstrom’s
Macroglobulinemia. ASCT (Autologous Stem Cell Transplant); RIC

(Reduced Intensity Allogeneic Stem Cell Transplant); IB, Ibrutinib; NA;
nucleoside-analogue based therapy. Can be considered in patients not
previously treated with IB, and who are not wild-type for MYD88, and for
those patients without bulky adenopathy or Bing-Neel Syndrome. In
patients being considered for an ASCT, stem cell collection should be
undertaken before exposure to a nucleoside-analogue. Rituximab should be
held in patients with symptomatic HV, severe CRYO or CAGG, and in
asymptomatic patients with serum IgM >4,000 mg/dL to avoid an IgM flare
and potentiation of symptoms. Ofatumumab may be considered for
rituximab intolerant patients. Consider maintenance rituximab for patients
responding to a rituximab-containing regimen. Bortezomib should be held for
grade >2 treatment-related neuropathy. See text for suggested dosing,
cycles and scheduling of therapy. A clinical trial should be considered
whenever possible.
1

2

Table 1. Case presentations of three patients with Waldenstrom
Macrolobulinemia.

Table 2. Clinical and laboratory findings for 356 newly diagnosed patients

meeting consensus diagnostic criteria for WM who presented to the Bing
Center for WM clinic (a tertiary care center) at the Dana Farber Cancer
Institute, Boston MA. NA; Not Applicable.

Table 3. Morbidities mediated by the IgM monoclonal protein in patients
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with Waldenstrom’s macroglobulinemia.

Table 4. A review of systems and considerations for their use in working up
patients with Waldenstrom’s macroglobulinemia.

Table 5. Laboratory and clinical evaluations which can be performed in the
initial work-up of all WM patients, and those with particular disease related
features.

Table 6. A summary of consensus response criteria adopted at the 6

th

International Workshop on Waldenstrom’s Macroglobulinemia.
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Figure 1.
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Figure 2.
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Table 1.
Case 1. WM Patient with IgM-related Peripheral Neuropathy.
A 67 year-old patient complained of numbness and tingling in his toes that
extended above the ankles over several months. Exam revealed diminished
pinprick sensation over the soles of his feet. An IgMλ monoclonal protein was
discovered, with a serum IgM level of 640 mg/dL. A bone marrow (BM)
biopsy showed 10% involvement with lymphoplasmacytic lymphoma (LPL),
mutation was present. Fat-pad biopsy with congo-red
and the MYD88
staining was negative. An anti-MAG IgM antibody screen was markedly
positive with a titer >1:102,400.
L265P
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Case 2. Newly diagnosed WM patient in Hyperviscosity Crisis.
A 42 year-old male presented with blurry vision and nosebleeds. Exam
revealed retinal hemorrhages, adenopathy and splenomegaly. Laboratories
revealed a hematocrit of 18%, platelets of 50,000/mm , and leukocyte count
3

of 1500/mm . Serum total protein was high prompting a workup that
revealed an IgMλ monoclonal protein and serum IgM level of 12,400 mg/dL.
CT scans showed bulky adenopathy, and a BM biopsy demonstrated 80%
LPL involvement. MYD88 mutation was present.
3

L265P

Case 3. Patient with Refractory WM Disease.
A 46 year-old male was diagnosed with WM after presentation with fatigue
and a hematocrit of 28.6%. BM biopsy showed 90% LPL involvement. CT
scans were unremarkable, and serum IgM was 2,780 mg/dL. Treatment with
bortezomib, dexamethasone and rituximab was started. After 3 cycles, no
treatment response was observed. He then received 2 cycles of
cyclophosphamide-based (CDR) therapy without response. Bendamustine
was then initiated, and after two cycles serum IgM and hemoglobin levels
remained unchanged. Everolimus was then begun and stopped due to nonresponse and worsening blood counts. A repeat BM biopsy confirmed
unchanged WM disease.
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Table 2.

Age (yr)
Gender
(Male/Female)
BM involvement
Adenopathy
Splenomegaly
IgM (mg/dL)
IgG (mg/dL)
IgA (mg/dL)
Serum Viscosity
(cp)
Hct (%)
Plt (x 10 /L)
Wbc (x 10 /L)
B M (mg/dL)
LDH (U/mL)
9

9

2

Median Range

Normal
Reference
Range

58
32-91
215/141

NA
NA

30%
15%
10%
2,620
674
58
2.0

270-12,400
80-2,770
6-438
1.1-7.2

NA
NA
NA
40-230
700-1,600
70-400
1.4-1.9

35.4%
275
6.4
2.5
313

17.2-45.4%
42-675
1.7-22
0.9-13.7
61-1,701

34.8-43.6%
155-410
3.8-9.2
0-2.7
313-618

5-95%
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Table 3.
Properties of IgM
Monoclonal Protein

Diagnostic Condition

Clinical Manifestations

Pentameric Structure

Hyperviscosity

Headaches, blurred vision,
epistaxis, retinal hemorrhages,
leg cramps, impaired mentation,
intracranial hemorrhage.

Precipitation on cooling Cryoglobulinemia (Type I)

Raynaud-like
phenomena,
acrocyanosis, ulcers, purpura,
cold urticaria.

Auto-antibody activity Peripheral neuropathies
to Myelin Associated
Glycoprotein (MAG),
Ganglioside M1 (GM1),
Sulfatide moieties on
peripheral
nerve
sheaths

Sensorimotor
neuropathies,
painful neuropathies, ataxic gait,
bilateral foot drop.

Auto-antibody activity Cryoglobulinemia (Type II)
to IgG

Purpura, arthralgias, renal failure,
sensorimotor neuropathies.

Auto-antibody activity Cold agglutinins
to red blood cell
antigens

Hemolytic anemia, Raynaud’s
phenomenom,
acrocyanosis,
livedo reticularis.

Tissue deposition as Organ Dysfunction
amorphous aggregates

Skin: bullous skin disease,
papules, Schnitzler’s syndrome.
GI: diarrhea, malabsorption,
bleeding.
Kidney: proteinuria, renal failure
(light chain component).
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Tissue deposition as Organ Dysfunction
amyloid fibrils
(light chain component
most common)

Fatigue, weight loss, edema,
hepatomegaly,
macroglossia,
organ dysfunction of involved
organs: heart, kidney, liver,
peripheral sensory and autonomic
nerves.
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Table 4.
Symptom/Complaint Implications
Energy level/Changes
activities of daily life.

in Anemia,
anemia

fatigue

Action
without Evaluate
for
anemia,
underlying etiology including
iron deficiency, hemolytic
anemia (warm and cold
antibodies).
Consider
amyloidosis. Exclude other
medical causes of anemia.
Hepcidin-related
iron
deficiency is common in WM.
Check iron saturation
levels. Patients with low
iron saturation levels <1012% may benefit with
parenteral iron infusions.
32

33

Constitutional Complaints
Recurrent
sinus
bronchial infections.

Tumor related fever, chills,
night sweats.
and Chronic sinusitis, usually on Antibiotic support. If patient
the basis of IgA and IgG is refractory to multiple
hypogammaglobulinemia.
antibiotic courses, required
hospitalizations, or infections
were life threatening,
strongly consider IVIG
replacement.
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Headaches, blurry vision or Hyperviscosity
visual loss, confusional
episodes, epistaxis.

Funduscopic examination for
hyperviscosity-related
changes, obtain serum IgM
and
serum
viscosity
Serum
levels.
viscosity levels may be slow
to be resulted, not
reproducible
or
lack
correlation to serum IgM
levels. Consider emergent
plasmapheresis
for
symptomatic hyperviscosity.
63,64,118

Easy bruising,
diathesis.

bleeding Thrombocytopenia, Acquired Complete blood count,
Von Willebrand’s Disorder evaluate
for
immune
(VWD).
thrombocytopenia
or
hypersplenism if indicated;
consider evaluation for VWD;
consider amyloidosis.

Progressive
symmetrical IgM-related neuropathy or Obtain anti-MAG, and if
numbness, tingling, burning, myopathy; amyloidosis.
negative then anti-GM1,
pain feet and hands.
anti-sulfatide IgM antibody
Unsteady gait, deficits in
studies. Consider obtaining
motor function.
fat pad biopsy and Congored stain to evaluate for
amyloidosis. Obtain EMG
studies and neurology
consult.
Raynaud-like
symptoms, Cryoglobulinemia,
acrocyanosis, ulcerations on agglutinemia.
extremities.

58

cold Obtain cryoglobulins cold
agglutinins. In patients
suspected
of
having
cryoglobulins, all studies
including
quantitative
immunoglobulins should be
obtained in a warm bath to
avoid cryoprecipitation and
false lowering of serum IgM
levels.
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Diarrhea,
cramping.

gastrointestinal Malabsorption, secondary to
amyloidosis, IgM deposition,
tumor involvement. Rarely,
autonomic neuropathy on
basis of auto-antibody or
amyloidosis.

Endoscopy to evaluate small
bowel, biopsy to evaluate for
amyloidosis, IgM deposition,
tumor involvement.

Hearing loss

Hyperviscosity, sensorineural
hearing loss, amyloid or
tumor deposition, thrombus
formation.

Evaluate
for
anti-hu
antibody, MRI to assess for
amyloidoma,
tumor
deposition. Evaluate for
hyperviscosity syndrome (as
above). Assess for IgM antiphsopholipid antibodies.

Thrombotic events

Antiphospholipid
syndrome

Urticaria,
dermatitis.

antibody Assess for IgM antiphospholipid antibodies.

papules, Schnitzler’s syndrome (nonpruritic urticaria), IgM or
tumor cell infiltration,
amyloid deposition.

59

Skin biopsy, histological
examination for tumor cell
infiltration, stain for IgM,
Congo-red staining for
amyloid.
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Table 5.
Examination

WM Patient
Population

Remarks

Beta-2-Microglobulin
(B M)

All patients.

Serum B M > 3.0-3.5 mg/L associated
with poor prognosis. Serum B M is a
determinant in WM International
Prognostic Staging System. Value of
B M in making treatment decisions
remains to be clarified.
2

87,88

2

2

89

2

Blood Urea Nitrogen
(BUN), Creatinine

All patients.

If moderate to severe azotemia is
present, additional work-up including
renal biopsy for deposition of light and
heavy chains, amyloid fibrils, and
cryoglobulins, and tumor infiltration can
be considered.

Bone Marrow Biopsy
and Aspiration

All patients.

Morphological
evaluation
for
lymphoplasmacytic
cells.
Immunohistochemistry and/or flow
cytometry
demonstrating
clonal
population. sIgM, CD19, CD20, CD22,
and CD79 expression consistent with
WM. Up to 20% of WM cases may be
CD5, CD10, or CD23 positive. MYD88
L265P positive >90% of cases, and can
support WM diagnosis.
90,91

92

Cold Agglutinins (CAGG) Select patients with Present in up to 5% of WM patients.
anemia, reticulocytosis,
Raynaud-like
symptoms,
and/or
acrocyanosis.
Complete Blood Counts
(CBC)

All patients.

Hb <10 g/dL, and/or PLT count of
<100,000/mm related to WM disease
can be used to support initiation of
therapy
based
on
consensus
guidelines.
3

30

60
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Cryoglobulins

Select patients with
Raynaud-like
symptoms,
acrocyanosis,
peripheral non-healing
ulcerations,
acrocyanosis,
peripheral
sensory
neuropathy, or erratic
serum IgM readings.

Present in 10-15% of WM patients.
Patients with cryoglobulinemia should
have serum IgM levels obtained on
warm bath.

CT Scans of Chest,
Abdomen, Pelvis

All patients.

Follow-up CT scans are only necessary
for patients with baseline extramedullary disease or who later are
suspected of having extra-medullary
disease. Repeat CT scans should be
considered in patients with relapse or
progression.
31,34

Cytogenetic Analysis

Select patients with
bone lytic lesions,
ambiguous
bone
marrow or laboratory
findings concerning for
myeloma.

14q32 translocations present in most
IgM myeloma cases with t11;14 being
most common, but are absent in WM.
MYD88
can also be evaluated in BM
specimens in ambiguous cases, as it is
positive in >90% of WM but absent in
IgM myeloma cases. 6q deletions
common in WM, but prognostic
significance and clinical utility is
unclear.
93

L265P

4,94

95-97

Electromyography
(EMG)

Patients with peripheral EMG typically shows de-myelinating
sensory neuropathy.
pattern with anti-myelin IgM-related
peripheral sensory neuropathy. Axonal
degeneration can be present with
amyloid
or
cryoglobulinemic
involvement.
98

Fat-Pad Biopsy

Select patients with
suspected amyloidosis,
peripheral neuropathy,
nephropathy,
unexplained
arrhythmias,
cardiomegaly or heart
failure.
61

Congo-red staining on fat pad and/or
bone marrow biopsy may be used to
establish presence of amyloid. Cardiac
and renal work-up should be considered
if Congo-red staining is positive to
clarify extent of amyloid deposition.
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Funduscopic
Examination

All patients.

Indirect ophthalmoscopy with scleral
depression should also be considered in
patients with hyperviscosity symptoms,
and/or elevated serum IgM levels
(>3,000 mg/dL).
99

Hepatitis testing

Select patients with
cryoglobulinemia, and
who
are
being
considered
for
rituximab.

Hepatitis C implicated in some cases of
Type II cryoglobulinemia. Hepatitis B
testing should be evaluated in all
patients who are being considered for
rituximab. HBsAg-positive WM patients
may be also be candidates for
prophylactic anti-viral therapy during
rituximab therapy.
100

101

Iron, Total Iron Binding
Capacity (TIBC)

Select patients with
anemia.

Hepcidemia is common in WM and can
impact iron absorption and reIf iron saturation
utilization.
(Iron/TIBC) is <10-12% and not related
to GI blood loss may be candidate for
parenteral iron therapy.
32

33

Liver Function Tests
(LFTs)

All patients.

Lumbar puncture with
CSF Examination.

Select patients with Brain MRI with gadolinium should first
suspected Bing-Neel be done to evaluate for parenchymal
Syndrome.
and meningeal involvement, and
evaluate risk for herniation. Cytological
examination, white cell count with
differential, flow cytometry, PCR for IgH
rearrangements, as well as evaluation
can be obtained to
for MYD88
identify WM cells in CSF. If CSF
positive, and Brain MRI is negative, MRI
of entire spinal axis can be considered
to evaluate for tumor presence if brain
MRI is negative.
L265P

102
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MYD88 Genotyping

MYD88 L265P positive >90% of cases
by AS-PCR, and can support WM
diagnosis. MYD88 is associated with
inferior overall survival; and lower
response rates and progression free
survival to ibrutinib in WM patients.
Sanger sequencing for non-L265P
MYD88 mutations can be considered in
WM patients who by AS-PCR are
as other types
negative for MYD88
of MYD88 mutations can occur in
WM.
4-8

WT

14,70

L265P

70,106

Positron Em/ission
Select patients.
Tomography (PET) Scan

No role for routine PET scans in WM
unless disease transformation is
suspected.

Serum IgM, IgA, IgG
levels (Quantitative)

Obtain on warm bath for patients
suspected of having cryoglobulinemia.
Serum IgM levels can flare following
rituximab, and should be carefully
monitored in WM patients with high
serum IgM levels (>4,000 mg/dL).
Quantitative serum IgM levels can be
used as surrogate marker for disease
burden assessment. Serum IgA, IgG
levels are subnormal in most WM
patients and impacted by certain
treatments. Patients with severely
depressed IgG and recurring
sinobronchial infections may benefit with
intravenous immunoglobulin (IVIG)
infusions.

31,34

All patients.

31,34

84

80

Reticulocyte Count (RC) Select patients with
anemia.

For patients with high reticulocyte
counts, consider hemolysis work-up.
Extravascular hemolysis is common in
WM, and LDH, and haptoglobin levels
may be normal. Consider cold agglutinin
testing, and if negative obtain direct and
indirect Coombs evaluation. Splenic
capture may also be etiological for
reticulocytosis in WM patients with
hypersplenism.
63
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Serum Free Light Chains Select patients with May be useful for serial assessment of
(SFLC)
light-chain
treatment impact in patients with
nephropathy,
amyloidosis or light chain deposition
amyloidosis.
disease.
Serum Myelin
Select patients with
Associated Glycoprotein peripheral
sensory
(MAG) titers
neuropathy,
some
forms of ataxia.

Positive in 25-50% of WM patients with
disease
related
peripheral
If negative, may
neuropathy.
consider further testing for antiganglioside M1 (GM1) and anti-sulfatide
IgM antibodies.

Serum Protein
Electrophoresis (SPEP)

Demonstration of serum monoclonal IgM
protein required for diagnosis of WM.
Monoclonal IgM protein may be used as
surrogate marker for assessing disease
burden. Migration pattern of serum
IgM and formation of higher order
complexes on gels can complicate serial
IgM protein assessment in some
patients. Absence of serum IgM
monoclonal protein by SPEP and
immunofixation studies following
therapy can be used to support
attainment of a complete response (see
Table 6).

All patients.

69,103

84

85

81

Serum Viscosity

Select patients with May be useful in assessing patients with
suspected
hyperviscosity symptoms, though slow
hyperviscosity
to be resulted and erratic readings
Serum viscosity
symptoms
and commonly occur.
levels may be slow to be resulted, not
findings.
reproducible or lack correlation to serum
IgM levels. Serum IgM levels are more
expedient and reliable for assessing
patients with suspected hyperviscosity
syndrome. Funduscopic examination
should be done in all patients with
hyperviscosity syndrome.
63,64

99
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Table 6.
Complete Response

CR

IgM in normal range, and disappearance of
monoclonal protein by immunofixation; no
histological evidence of bone marrow involvement,
and resolution of any adenopathy / organomegaly (if
present at baseline), along with no signs or
symptoms attributable to WM. Reconfirmation of the
CR status is required by repeat immunofixation
studies.

Very Good Partial VGPR A > 90% reduction of serum IgM and decrease in
adenopathy/organomegaly (if present at baseline) on
Response
physical examination or on CT scan. No new
symptoms or signs of active disease.

Partial Response

PR

A >50% reduction of serum IgM and decrease in
adenopathy/organomegaly (if present at baseline) on
physical examination or on CT scan. No new
symptoms or signs of active disease.

Minor Response

MR

A > 25% but < 50% reduction of serum IgM. No new
symptoms or signs of active disease.

Stable Disease

SD

A <25% reduction and <25% increase of serum IgM
without progression of adenopathy/organomegaly,
cytopenias or clinically significant symptoms due to
disease and/or signs of WM.

Progressive
Disease

PD

A >25% increase in serum IgM by protein confirmed
by a second measurement or progression of clinically
significant findings due to disease (i.e. anemia,
thrombocytopenia,
leukopenia,
bulky
adenopathy/organomegaly)
or
symptoms
(unexplained recurrent fever > 38.4°C, drenching
night sweats, > 10% body weight loss, or
hyperviscosity,
neuropathy,
symptomatic
cryoglobulinemia or amyloidosis) attributable to WM.
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