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Abstract. The diagnosis and treatment of Waldenstrom macroglobulinemia (WM) are the subjects
of this two-part review, which aims to provide current and thorough knowledge of these topics.
The first portion of the study, previously published, investigated the epidemiology, etiology,
clinicopathological aspects, differential diagnosis, prognostic factors, and impact on WM-specific
groups. Specifically, this second section examines both the standard consolidated method and the
new therapeutic strategy to handle the complex topic of the treatment of WM.

Key Points:

* WM has no cure, but therapies can improve survival. Treatment for WM/LPL patients should
be initiated when they exhibit symptoms, and the IgM level should not determine WM treatment.
* Current guidelines suggest various initial personalized therapy treatments, typically
chemoimmunotherapy (CIT) or BTK inhibitors (BTKi).

* Patients with WM can be put into three groups based on their MYD88 and CXCR4 mutational
status: those with MYD88 mutations but no CXCR4 mutations (MYD88MUT/CXCR4WT), those
with both MYD88 and CXCR4 mutations (MYD88MUT/CXCR4MUT) and those who do not have
both MYD88 and CXCR4 mutations (MYD88WT/CXCR4WT).

* The objective of treatment is to alleviate symptoms and mitigate the risk of organ impairment.

* The timing of response evaluations, including BM, should be established on a case-by-case basis,
informed by clinical and laboratory assessments.

* Patients with relapsed/refractory WM following chemotherapy and covalent Bruton tyrosine
kinase inhibitors may choose non-covalent Bruton tyrosine kinase inhibitors, novel anti-CD20
monoclonal antibodies, BCL-2 inhibitors, or more intensive chemotherapy regimens.

* Patients who are younger and healthier and have not responded to both CIT and BTKi may be
good candidates for an autologous stem cell transplant (ASCT).

* Second-generation anti-CD19 CAR T cells exhibit anti-WM activity in both in vitro and in vivo
settings.

* From 2.4% to 11% of patients with WM undergo histological transformation, predominantly to
diffuse large B-cell lymphoma (DLBCL). The median duration between diagnosis and
transformation is 4.6 years.

* WM patients have a higher risk of secondary cancers.

*« HSV and HZV prophylaxis may be beneficial for patients needing extensive treatment. Screening
for Hepatitis B is necessary. Pneumocystis jiroveci prophylaxis is highly recommended. SARS-
CoV-2 and seasonal flu vaccines should be available to all WM patients.
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Introduction. WM has no cure, but therapies can
improve survival. Adverse effects of all WM therapies
may vary depending on the drug class and the individual
patient. No data shows that treating asymptomatic WM
improves mortality while delaying therapy until
symptoms do not affect the disease progression or patient
outcomes. The treatment plan involves selecting drugs,
determining the order of interventions, and deciding
when to start, stop, or pause therapy. When we plan
treatment, we might consider each therapy's advantages
and disadvantages, evaluate the treatment duration (fixed
duration or continuous), the treatment goal (achieving
long-term remission or managing the disease), and the

potential impact of side effects on other health conditions.

This careful selection ensures that therapies align with
the patient's health goals and medical history.

Indication for initial treatment. Treatment for
WMY/LPL patients should only be initiated when they
exhibit symptoms, as per the National Comprehensive
Cancer Network (NCCN) guidelines and the second
International Workshop on Waldenstrom
Macroglobulinemia.l> Asymptomatic patients can be
monitored without immediate therapy over an extended
period to reduce treatment-related risks.® Approximately

1.5% of IgM MGUS and 12% of smoldering WM
patients develop WM each year.*® Symptomatic
progression takes approximately 9.2 years for low-risk,
4.8 years for moderate-risk, and 1.8 years for high-risk
disease progression.” Low-risk patients could be
monitored annually, intermediate-risk patients every six
months, and high-risk patients every three months.
Importantly, IgM level should not determine WM
treatment. While asymptomatic patients with IgM levels
> 6000 mg/dl should receive treatment, it's important to
note that serum IgM levels may not always correlate with
clinical symptoms. Always exonerate other conditions
that may contribute to the development of symptoms.
Constitutional symptoms like fever, night sweats,
anemia, fatigue, or weight loss necessitate therapy when
linked to the disease.®? A worsening lymphadenopathy
or splenomegaly following treatment is another
indication to initiate treatment. Treatment is also
required for Marrow Infiltration Anemia, characterized
by hemoglobin levels below 100 g/L or platelets below
100 10%L. Hyperviscosity syndrome, sensory peripheral
neuropathy, systemic amyloidosis, renal insufficiency,
and symptomatic cryoglobulinemia may require
treatment (Table 1).81

Table 1. Clinical and laboratory indications for initiation of therapgy in WM.

Recurrent fever, night sweats, weight loss, fatigue

Hemoglobin < 10g/dl

Hyperviscosity sindrome

Platelet count < 100.000 /L

Lymphadenopathy, symptomatic or bulky (>5cm dm)

Symptomatic Cryoglobulinemia

Symptomatic hepatomegaly and/or Splenomegaly

Symptomatic cold agglutinin anemia

Symptomatic organomegaly or organ or tissue infiltration

Autoimmune hemolytic anemia and/or thrombocytopenia

Peripheral Neuropathy from WM

WDM-related nephropathy

Neurological deficit concerning Bing Neel syndrome

WDM-related amyloidosis

First-line Therapy. Waldenstrom macroglobulinemia
(WM) is rare; few randomized studies have compared
first-line treatment approaches. Phase 1l or retrospective
studies have provided most WM treatment evidence.
Due to the many treatment options and the absence of
randomized trials, current guidelines suggest various
initial treatments for personalized therapy Table 2.

Selection of BTK Inhibitor Therapies Based on

Genetic Profile. Patients with WM can be classified into
three groups based on their MYD88 and CXCR4
mutational status: those who have MY D88 mutations but
no CXCR4 mutations (MYD8SMUT/CXCR4AWT);
those who have both MYD88 and CXCR4 mutations
(MYD88MUT/CXCR4MUT); and those who do not
have both MYD88 and CXCR4 mutations
(MYD8BWT/CXCR4WT). Among all the genomic
groups, the MYD88WT/CXCR4WT group exhibited the
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Table 2. Regimens for initial WM treatment. CP-R: Rituximab/Cyclophosphamide/ Prednisone; CVVP-R: Rituximab/Cyclophosphamide/
Vincristine/ Prednisone; CHOP-R Rituximab/Cyclophosphamide/Doxorubicin/Vincristine/ Prednisone; Nr: not reported; M: months.

Regimens for initial o . OR s
WM treatment N Study design R% PFS 0os Tolerability
Ibrutinib 2 30 Prospective phase I 100 4-year PFS Nr Grade 4 ventncul.ar fibrillation;
study rate 76%. thrombocytopenia (n =1 each)
Randomized study . .
Tbrutinib 2 99 Tbrutinib vs 93 | Atazmagy, | A1 Grade 3 pneumonia, neutropenia and
. M 93% febbrile neutropenia
Zanubrutinib
Randomized study . .
Zanubrutinib 2 102 ibrutinib vs sa | Atsam7zay | I8 Grade 3 neutropenia, upper respiratory
L. M 97% infection, diarrhea
zanubrutinib
Bendamustine/ Randomized study R- Median 69,5 Severe infectious < in the bendamustine
L. 22 95 Nr o
Rituximab 24 chop vs BR M plus rituximab group
Prospective,
Bendamustine/ Randomized, . . .
Rituximab 116 Multicenter Phase 3 86 | Median 70 M Nr Need of preventive therapy against PJP
Study
Bortezomib/ . . .
Dexamethasone/ 23 Phase 2 tr;:llltlcen’cer 96 | Median 30 M Nr Treatmen’; Zr;\:;g;r;% peripheral
Rituximab 26 phaty
B -
Dzlzjrzriliﬁ:éone / 59 Phase 2 multicenter 68 | Median 42 M At 60 Peripheral neuropathy in 46% (grade 13 in
L. trial M 62% 7%)
Rituximab 2
Carfilzomib/ Prospective. open-label Grade 3 or higher anemia (3.2%),
Dexamethazone/ 31 P » P " | 87 | At16M69% Nr neutropenia (6.5%). Cardiomyopathy
o phase 2
Rituximab 28 alert.
I -
I;(Zj;)::;l;lﬁasone / )8 Prospective, open-label, 97 | Median 40 M Nr GFade 3 infectio-ns, hyperglycemia,
o phase 2 infusion reactions, neuropathy.
Rituximab 3!
Ritwdmab/ Prospective, open-label Median 9% grade 3 or 4 neutropenia and 20%
Cyclophosphamide/ 72 pective, op | 83 | Median35M > grace 7 pema s °
phase 2 95 M rituximab-related toxicity.
Dexamethasone
Rituximab/ Randomized study CP- CHOP-R and CVP-R > neutropenic fever
Cyclophosphamide/ 19 Rvs, CVP-R, and 95 Nr Nr and treatment-associated neuropathy
Prednisone % CHOP-R compared to those on CP-R

lowest response rate and the shortest progression-free
survival (PFS) when treated with ibrutinib monotherapy.
This group also showed lower rates of very good partial
response (VGPR) and longer to achieve a major response
to ibrutinib monotherapy. Patients with
MYD88MUT/CXCR4MUT status who require a rapid
response benefit from chemotherapy regimens;
nevertheless, those who do not require an immediate
response should use BTK inhibitors.*** BTK inhibitors
such as ibrutinib, acalabrutinib, and zanubrutinib can
benefit patients with WM but can cause adverse effects
like atrial fibrillation, bleeding, cytopenias, hypertension,
gastrointestinal symptoms, infections, and arthralgias.
Atrial fibrillation is common in 5% to 15% of patients
with WM exposed to BTK inhibitors, according to recent
studies. Patients often experience increased bleeding and
bruising, highlighting the importance of judiciously
using concomitant anticoagulants or antiplatelet agents.®
Symptoms may require a transient medication hold, and
rheumatologic symptoms may need a dose reduction or
referral to a rheumatologist. Approximately 20% of
patients with WM who temporarily hold BTK inhibitors
experience withdrawal symptoms.l” A retrospective
study on 353 patients receiving ibrutinib revealed that

27% had to reduce their dosage due to side effects such
as rheumatologic, cardiac, nail/hair/skin changes,
cytopenias, gastrointestinal, and bleeding/bruising issues.
Dose reductions were more common in patients over 65
years and females. If supportive care and dose reduction
do not provide sufficient symptom relief, patients could
consider transitioning to another BTK inhibitor,
particularly zanubrutinib.®

Ibrutinib with or without Rituximab. The results of a
phase Il study using ibrutinib to treat 30 people with
previously untreated WM showed an ORR of 100%, a
very good partial response (VGPR) rate of 30%, and a
progression-free survival (PFS) rate of 76% at 48
months.®® A phase 11 trial iNNOVATE study) randomly
assigned treatment-naive and previously treated patients
to receive either Rituximab or Rituximab and ibrutinib.
At 30 months, the PFS rate for ibrutinib and Rituximab
was 82%, compared to 28% for Rituximab. This
advantage was evident regardless of mutational status.
The respective response rates were 72% and 32%. 12
percent of ibrutinib-treated patients had atrial fibrillation.
13% of patients experienced hypertension. Only 8% of
patients in the ibrutinib arm and 47% in the rituximab
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arm experienced a flare. When lymphoplasmacytic
lymphoma affects the central nervous system, ibrutinib
should be the first therapeutic option considered.?2!

Zanubrutinib. Compared to ibrutinib, zanubrutinib is a
BTK inhibitor with a greater affinity for BTK. Patients
with WM who had not been treated before, who had
relapsed, or were not responding to treatment were
randomly assigned to either ibrutinib or zanubrutinib in
the phase 111 ASPEN study. Of the patients, 26% had a
CXCR4 mutation, and all had a mutation in MYD88
(L265P). There was no statistically significant difference
in VGPR (28% vs 19%; P5.09) between the zanubrutinib
and ibrutinib groups. For zanubrutinib, the 42-month
PFS rate was 78%, and for ibrutinib, it was 70%. In
patients with CXCR4 mutations, Zanubrutinib had
higher PFS (73% vs. 49%) and VGPR (21% vs. 10%)
rates at 42 months than ibrutinib. Aspen safety data
showed that zanubrutinib monotherapy was safer than
ibrutinib. There was less atrial fibrillation (4% vs. 17%)
and fewer nonhematologic side events. Except for
neutropenia, which was twice as likely to occur with
zanubrutinib as with ibrutinib (29% vs. 13%), the rate of
hemorrhagic adverse events was mostly unchanged.?>23

Bendamustine / Rituximab (BR). In a large,
randomized, multicenter phase Il trial of people with
indolent non-Hodgkin lymphoma who had not received
prior treatment, the Study Group Indolent Lymphomas
(StiL) examined the effectiveness of bendamustine plus
Rituximab (BR) and Rituximab plus CHOP. This study
involved 40 out of 41 individuals with WM/LPL who
were available to evaluate treatment response. BR
therapy resulted in a significantly longer PFS of 69.5
months compared to 28.5 months with CHOP-R after 45
months of follow-up.?* In the StiL NHL-2008
MAINTAIN trial, individuals treated with bendamustine
and Rituximab achieved a median PFS of 65.3 months.
Patients receiving bendamustine/Rituximab should
consider  taking  preventive  measures  against
Pneumocystis jirovecii pneumonia (PJP).%

Bortezomib / Dexamethasone / Rituximab (BDR). The
Waldenstrém Macroglobulinemia Clinical Trials Group
(WMCTG) found that BDR had an overall response rate
(ORR) of 96% in people who had just been diagnosed
with WM. Of these patients, 83% had a partial response
(PR). Eighty percent of patients had no disease
progression after a median follow-up of two years,
including every patient with VGPR or better. Peripheral
neuropathy is the primary side effect of bortezomib-
based regimens.??” This study observed peripheral
neuropathy in grade 3 in 30 percent of patients receiving
bortezomib treatment twice weekly. Bortezomib can be
administered subcutaneously once weekly to reduce the
likelihood of developing peripheral neuropathy. Patients

unable to tolerate Rituximab may be candidates for an
alternative treatment regimen comprising subcutaneous
bortezomib combined with dexamethasone. -2

Carfilzomib / Rituximab / Dexamethasone. A
prospective phase Il study looked at carfilzomib,
Rituximab, and dexamethasone in 31 newly diagnosed
WM/LPL patients who were showing symptoms. The
ORR was 87%, with 64 patients followed for an extended
period, and the median PFS was 46 months. The study
found that the MYD88 (L265P) mutation status did not
impact the response to this regimen. This study did not
observe any significant peripheral neuropathy. Several
patients experienced IgA and 1gG depletion,
necessitating the truncation of therapy and/or
intravenous immunoglobulins. Of note, this regimen
could cause cardiac and pulmonary toxicity, especially
in older patients.

Ixazomib / Rituximab / Dexamethasone. A prospective
phase Il study evaluated the combination of ixazomib,
Rituximab, and dexamethasone in 26 patients with
symptomatic WM. All enrolled patients carried the
MYDB88 (L265P) mutation, with 58% also carrying a
CXCR4 mutation. The median time to respond was 8
weeks. Overall, major and VGPR rates were 96%, 77%,
and 19%, respectively, and the median time to respond
was 8 weeks. The median PFS was 40 months, the
median duration of response was 38 months, and the
median time to the next treatment was 40 months. The
CXCR4 mutational profile did not affect PFS, the
duration of the response, or the time to the next
treatment.3%-3

Rituximab, Cyclophosphamide, and Dexamethasone
(DRC). The results of DRC treatment in 50 WM naive
patients showed an ORR of 96% and a median PFS of 34
months. The response rate and duration were unaffected
by MY D88 mutational status. Another prospective study
with 72 people who had untreated WM found that
treatment with DRC had an ORR of 83%, with 7%
having a complete response (CR) and 67% having a PR.
The 2-year PFS rate for all evaluable participants was
67%, whereas it was 80% for responders. Patients
tolerated the DRC regimen well, with 9% reporting grade
3 or 4 neutropenia and approximately 20% experiencing
rituximab-related toxicity. Based on the IPSSWM risk
classification, the OS rates after 8 years were 100% for
low-risk patients, 55% for intermediate-risk patients, and
27% for high-risk patients (P =.005).32-3

Rituximab, Cyclophosphamide, and Prednisone (CP-
R). Studies have demonstrated the effectiveness and
reduced side effects of
cyclophosphamide/prednisone/Rituximab (CP-R)
compared to more aggressive cyclophosphamide-based
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protocols. In particular, a study examined the outcomes
of WM patients treated with CHOP-R (n = 23), CVP-R
(n = 16), or CP-R (n = 19). Serum IgM levels were
significantly higher in patients receiving CHOP-R (P =
0.015), whereas baseline parameters were comparable
across the three cohorts. The ORR and CR for the three
regimens were 96% for CHOP R, 88% for CVP-R, and
12% for CP-R, respectively. Patients receiving CHOP-R
and CVP-R experienced a greater incidence of
neutropenic fever and treatment-associated neuropathy
compared to those on CP-R.%

Rituximab Monotherapy. Although single-agent
Rituximab with either a conventional or prolonged dose
has response rates ranging from 25% to 45%, it helps
treat patients with WM. After the initial administration
of rituximab therapy, we observed a transient increase in
IgM levels in 40% to 50% of patients, commonly called
IgM flare. Rituximab-induced IgM flares can exacerbate
hyperviscosity symptoms, as well as worsen
cryoglobulinemia, neuropathy, and other IgM-related
issues. While plasmapheresis might be required to lower
IgM levels, these levels could last for months and do not
signify a treatment failure. To reduce the chance of an
IgM flare-up with symptoms, patients with high IgM
levels (typically 4,000 mg/dL or greater) may wish to

have prophylactic plasmapheresis
rituximab.37-3°

before starting

Assessment of Response and Follow-up after the First
Line of Therapy. The objective of treatment is to
alleviate symptoms and mitigate the risk of organ
impairment. We recommend assessing the treatment
response using consensus panel criteria after the primary
therapy“® Table 3. We advise establishing the timing of
response evaluations, including BM biopsy, on a case-
by-case basis, informed by clinical and laboratory
assessments, as there is no agreement on this matter. The
use of IgM as a surrogate for disease markers poses a
significant problem, as these markers can fluctuate even
while specific treatments are eradicating cancer cells.
For example, Rituximab may elevate serum IgM levels,
whereas bortezomib and ibrutinib can decrease IgM
levels in certain patients, although they do not induce
cancer cell death. It is critical to recognize that certain
clinical responders may delay the post-therapy decline or
nadir in IgM levels for several months. It is essential not
to think of consistently high IgM levels as a sign of
medication resistance without looking at other signs of
therapeutic response, like a rise in hemoglobin levels,
bone marrow clearance, and/or the disappearance of
symptoms.

Table 3. IWWM-11 response criteria for assessment of disease response in WM/LPL.

RESPONSE

RESPONSE CRITERIA DEFINITIONS

Complete Response (CR)

Normal serum IgM level, absence of serum monoclonal IgM by SPEP and IFX.
Complete resolution of extramedullary disease if present at baseline. Normal Bone
marrow morphology.

Very Good Partial Response (VGPR)

More than 90% reduction of Monoclonal IgM or within normal range

Partial Response (PR)

More than 50% but not more than 90% of serum IgM reduction from baseline.

Minor Response (MR)

More than 25% but not more than 50% of IgM reduction from baseline.

Stable disease (SD)

Less than 25 reduction or less than 25 % increase in IgM level from baseline.

Progessive Disease (PD)

More than 25% increase in serum IgM level with a minimum increase of 500mg/dl from
nadir. To support PD two sequential measurements are required. Any new lesion (> 1,5
cm) or an increased by >50% in any axis to 1,5 cm size of previously involved
extramedullary disease sites.

Suspected IgM flare or IgM rebound, absence of data or suspected error in data

Nonevaluable (NE) reporting

Treatment of Relapsed and Refractory Waldenstrom
Macroglobulinemia. Numerous choices exist for
individuals experiencing recurrence following first-line
therapy or those who are refractory. Biological age,
comorbidities, fitness, and accessibility are critical
considerations in treatment selection. People who
already have or are developing diseases like peripheral
neuropathy, BNS, cryoglobulinemia, AL amyloidosis,
hyperviscosity syndrome (HVS), and acquired clotting
factor deficits need to find and change their treatment
plans. The characteristics of recurrence (fast, gradual, or
high-grade transformation) will affect the treatment

selection, as will the degree of hematopoietic reserve.
The optimal treatment for relapsed or refractory (RR)
WM is based upon the initial method, typically involving
chemoimmunotherapy (CIT) and/or a covalent BTK
inhibitor (cBTKi). If the duration of response (DoR)
exceeds three years after CIT, exploring additional CIT
using non-cross-reactive chemicals may be necessary. If
previous treatment included only cBTKi, then CIT might
be a plausible option upon relapse. If a patient
experiences relapsed/refractory WM following CIT and
cBTKi, they may choose non-covalent Bruton tyrosine
kinase inhibitors (such as pirtobrutinib), novel anti-
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Table 4. Regimens for relapsed and refractory WM patients. ORR: overall response rate; PFS: progression free survival; M: months; AML:
acute myeloid leukemia; NHL: Non-Hodgkin Lymphoma; ASCT: autologous stem cell transplant; Allo-SCT: allogeneic stem cell transplant;

NRM: non-relapse mortality; Nr: not reported.

Cyclophosphamide/De Prospective phase Il

Regimens for relapsed R . ORR -
and refractory WM. N Study design % PFS [6F] Tolerability
Ibrutinib® 63 Prospective phase Il 905 2-year PFSrate | At24 M Grade 3; neutropenia (22%), thrombocytopenia
study ' 69%. 95.2%. (14%), atrial fibrillation (5%)
S Prospective phase Il 2-year PFSrate | At24 M Grade 3—4 neutropenia (16%), pneumonia (7%),
Acalabrutimib 92 | sudy 93| goop, 89%. atrial fibrillation (1%)
Bendamustine/ Retrospective
Rituximab 4 71 P 80.3 | Nr Nr Grade 3/4 neutropenia (13%)
analysis
. Prospective
Bendamustine/ B
P 45 Randomized, 2-year PFS rate .
Rituximab 43 Multicenter Phase 3 95 5806, Nr Grade 3, neutropenia
Study
. . Grade 3 peripheral neuropathy (30%)
Bprte_zomlkj(/i 37 Prospective phase Il 52 Median 17 M At12M Grade 3 and 4 leucopenia (14%), anemia (11%),
Rituximab study 94% )
thrombocytopenia (14%)
Rituximab/

Grade 3 or 4 neutropenia (20%), thrombocytopenia

xamethasone “® 50 study 87 Median 32 M Nr (7%) and infections (3%).
Ixazomib/
Dexamethasone/ Multicenter phase 0 At24 M Grade 2 or 3 cytopenias, Grade 1 or 2 neurotoxicity,
Rituximab 5 1/11 trial n AL24 M 56% 88% and Grade 2 or 3 infections.
Prospective phase Il . At30 M .
51
Venetoclax 32 multicenter trial 84 Median 30 M 100% Grade 3 or 4 neutropenia (n 17)
gladnbme, Rituximab 13 Prospectlve phase I 84.6 | Median 65 M Nr No major infections 2 reversible cardiac toxicity:
multicenter trial
Fludarabine/ Prospective phase Il . Grade 4 neutropenia and thrombocytopenia; 3 AML;
Rituximab 5 20 multicenter trial 81 Median 38 M Nr 3 NHL
- - - AR
Everolimus 5 60 Prospectlve phase I 73 Median 21 M Nr Grade 4 neutropenia and thrombocytopenia (67%);
multicenter trial Pulmonary toxicity (5%)
ASCT * 158 | Retrospective e | Mediansm | AYOOM | NRMs .69
analysis 68,5%
Allo-SCT & ge | Retrospective 756 | At6oMS50% | ALEOM i N 300
analysis 60%

CD20 monoclonal antibodies, BCL-2 inhibitors (such as
venetoclax), or more intensive chemotherapy regimens.
Patients who are younger and healthier and have not
responded to both CIT and cBTKi may be good
candidates for an autologous stem cell transplant (ASCT),
especially when not many clinical trials or other new
therapies are available. Patients eligible for ASCT must
possess a chemo-sensitive disease (Table 4).

Ibrutinib Single Agent or in Combination with
Rituximab. In 2015, the United States Food and Drug
Administration (FDA) approved lbrutinib for the
treatment of relapsed Waldenstrdm macroglobulinemia
(WM), following a significant phase Il study. The ORR
was 90.5%, while the major response rate was 73%. The
wild type MYDB88 exhibited a response rate of 71.4%,
with major responses constituting only 28.6% of this
total. Adverse effects comprised atrial fibrillation,
diarrhea, neutropenia, and thrombocytopenia.’* The
long-term follow-up of this cohort demonstrated ORR
and major response rates of 91% and 79%, respectively,
at a median follow-up of 59 months. Patients exhibiting
mutated MYD88 alongside wildtype CXCR4
demonstrated elevated response rates and reduced times
to response. The presence of a CXCR4 mutation was
associated with a reduced response rate.*®

In the INNOVATE trial, 150 WM patients received
either ibrutinib-rituximab  or  placebo-rituximab.
Approximately 55% of these patients had undergone
prior treatment. Major response rates were higher in the
ibrutinib-rituximab group (72% vs. 32%). In the
ibrutinib-rituximab group, more people had side effects
of grade 3 or higher. These side effects included atrial
fibrillation (12%) and high blood pressure (13% vs. 4%).
Major bleeding was equal in both groups (4%). At 30
months, the PFS was 82% in the ibrutinib-rituximab arm
and 28% in the placebo-rituximab arm.?

In people with WM who had not previously received
treatment or who had relapsed or failed treatment, the
randomized, open-label Phase 3 ASPEN trial directly
compared zanubrutinib to ibrutinib. The zanubrutinib
results were better. More importantly, patients responded
strongly to zanubrutinib therapy regardless of CXCR4
mutation status. Additionally, zanubrutinib had fewer
grade 3 or higher toxicities and was generally better
tolerated.*

Acalabrutinib. A multicenter phase Il trial was
performed to look at untreated and previously treated
macroglobulinemia. Acalabrutinib was administered
until toxicity or disease progressed. One hundred six
patients received treatment. The response rate for both
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untreated and relapsed individuals was 93%. Sixteen
percent of individuals experienced neutropenia, seven
percent suffered pneumonia, and merely one percent
exhibited grade 3 atrial fibrillation. The treatment
provides a superior safety profile compared to ibrutinib.
Adverse events leading to therapy cessation occurred in
7% of patients. No statistically significant differences
were observed in response time or progression-free
survival between treatment-naive individuals and those
who had received treatment. Patients with mutant
MYDB88 and those with wildtype MYD88 had overall
response rates of 94% and 79%, respectively.*?

Bendamustine / Rituximab. A phase Il study of
relapsed/refractory WM  patients treated with
bendamustine-based treatment indicated an overall
response rate of 83.3%, exhibiting a median progression-
free survival of 13.2 months.*? Individuals with relapsed
or refractory Waldenstrom macroglobulinemia were
examined in phase | and phase Il trials to evaluate the
efficacy of bendamustine in conjunction with Rituximab.
Patients have previously had a median of 2 lines of
therapy (range, 1-5). The ORR recorded an 80.2% rate.
A separate study assessed the effectiveness of BR and R-
CD. Out of 160 patients, 60 received BR (43 with
relapsed/refractory WM), and 100 received R-CD (50
with relapsed/refractory WM). The ORR was 95% for
BR compared to 87% for R-CD (P = 0.45), and the
median PFS was 58 months for BR versus 32 months for
R-CD (2-year PFS: 66% versus 53%; P = 0.08).434

Bortezomib / Dexamethasone / Rituximab. When
bortezomib is used to treat relapsed disease, it has an
ORR of 60% when given alone and 70% to 80% when
combined with  Rituximab with or  without
dexamethasone. In contrast to alkylating agents, the
responses happened very quickly, on average, within 1.4
months. When administered as a single agent, the ORR
was 60%, and when combined with Rituximab with or
without dexamethasone, it ranged from 70% to 80%.%
For patients with only a ten-year life expectancy,
peripheral neuropathy poses a serious drawback. Grade
3 peripheral neuropathy may occur in 30% of patients
using the twice-a-week dosing schedule of bortezomib
and in 10% of patients receiving once-a-week dosing.
Weekly bortezomib administration reduced
neurotoxicity — without affecting response rates
significantly.*’

Rituximab, Cyclophosphamide, and Dexamethasone.
In a phase Il investigation, one hundred patients with
Waldenstrom macroglobulinemia (WM) were studied,
comprising 50 individuals who had at least one cycle of
treatment for relapsed/refractory WM and 50 individuals
who got at least one cycle of the same regimen for newly
diagnosed WM. In the relapsed/refractory context, the

median PFS reported was 32 months (95% confidence
interval: 15-51), with PFS rates at 2 and 4 years being
54% and 34%, respectively.*®

Ixazomib / Rituximab / Dexamethasone. A phase I-11
study found an overall response rate (ORR) of 71% in 59
patients treated with ixazomib/rituximab/dexamethasone
who had received a median of two previous therapies. Of
these patients, 14% experienced a very good response,
37% experienced a partial response, and 20%
experienced a minor response. The response length was
observed within a range of 36 months, with the median
duration being 36 months. Following the patients for a
median of twenty-four months revealed PFS and OS
rates of 56 percent and 88 percent, respectively.*

Venetoclax. A phase Il trial looked at venetoclax as a
single treatment for 33 people who had already been
treated for WM. All patients had a MYD88 (L265P)
mutation, and 17 (53%) exhibited a CXCR4 mutation. At
a median follow-up of 33 months, the median PFS was
30 months. At the data cutoff, the overall survival at 30
months was 100%, and the objective response rate was
84%. The predominant grade 3-4 adverse event was
neutropenia, occurring in 42% of cases. Venetoclax is
both safe and extremely effective for people with
previously treated WM, including those who have
already received BTK inhibitors. The mutation status of
CXCR4 did not influence the treatment response. The
appropriate duration of wvenetoclax therapy in WM
remains undetermined. %%

Analogues of Nucleosides. A phase Il trial The
combination of cladribine and Rituximab was evaluated
in 29 patients with newly diagnosed or previously treated
WM, yielding reported ORR and CR of 90% and 24%,
respectively.5? A multicenter, prospective trial evaluated
the efficacy of fludarabine and Rituximab in patients
with WM (n=43) who had undergone fewer than two
prior therapies, with 63% having received no previous
treatment. The OR rate was 95%. All patients reported a
median time to progression of 51.2 months, with
untreated patients showing a longer duration (P = 0.017)
and those achieving at least a VGPR exhibiting an
extended progression time (P = 0.049). Following a
median follow-up period of 40.3 months, three cases of
transformation to aggressive lymphoma and three cases
of myelodysplastic syndromes/acute myeloid leukemia
have been reported.>® Additionally, The FCR regimen
was utilized in a multicenter prospective trial involving
patients with WM who had not received prior treatment
or had been pretreated with chemotherapy. In this study,
65% of participants received FCR as first-line treatment,
28% had relapsed disease, and 7% had a disease that was
refractory to prior treatment. The findings indicated that
FCR elicits rapid responses, achieving rates of 79%,
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along with elevated rates of CR and VGPR.>**® The
administration of FCR treatment carries a risk of PJP,
including the potential for late onset of the infection.

Everolimus. Everolimus, a mTOR inhibitor, offers
patients with relapsed or refractory WM an alternate

therapy option that utilizes a unique mechanism of action.

A phase | study utilized Everolimus in patients with
relapsed/refractory Waldenstrém macroglobulinemia.®®
Sixty individuals underwent treatment. The ORR was
73%, comprising a 50% partial response and a 23%
minimal response (MR). The median PFS duration was
21 months. Sixty-seven percent of participants indicated
grade 3 or 4 toxicity. Sixty-two percent of patients
reduced their dosage due to toxicity. The most
commonly reported hematologic harm was cytopenia.
Five percent of participants demonstrated pulmonary
toxicity.

Transplantation in WM. A limited number of case
series have reported outcomes of ASCT in the setting of
relapse. ASCT was ineffective for WM patients who
were chemoresistant or had undergone more than three
lines of treatment. The European Bone Marrow
Transplant Registry (EBMT) reported that among 158
WM patients, the OS and PFS rates at 5 years were
68.5% and 39.7%, respectively. After 5 years, an updated
EBMT trial found that 46% of people with WM who had
autologous stem cell transplantation (ASCT) did not get
worse, and 65% did have OS. Only a select group of
patients might receive Allo-SCT due to its significant
non-relapse  mortality  (NRM).5%¢ A limited
retrospective study of extensively pretreated WM
patients indicated that allo SCT exhibited a graft versus
WM effect, potentially enhancing progression-free
survival (PFS) and OS in individuals who endured
toxicity. EBMT (n = 86) and the Center for International
Blood and Marrow Transplant Research (CIBMTR, n =
144) have documented the most extensive series of WM
patients undergoing allogeneic SCT. Although the
median PFS approached 5 years in both cohorts, the non-
relapse mortality (NRM) was notably significant at
approximately 30%, with a marginally lower rate
observed in transplants subjected to reduced intensity
conditioning.>"58

(CAR) T Cell Therapy. Chimeric antigen receptor
(CAR) T cell therapy has become an established
treatment option for various B cell leukemias and
lymphomas. Considering these positive outcomes and
the typically high CD19 positivity in WM clones, CAR-
T cell therapy presents a logical choice for patients with
WM who have tried all other treatment alternatives. A
recent study demonstrated that second-generation anti-
CD19 CAR T cells exhibit anti-WM activity in both in
vitro and in vivo settings.® The initial series of three

patients administered CAR T products exhibited
indications of safety and clinical efficacy. The treatment
was well tolerated clinically, exhibiting only grade 1-2
toxicities. The responses of all three patients varied,
ranging from stable disease with a hematologic response
to a prolonged, complete response. All patients, however,
experienced subsequent disease progression.>®

Histological Transformation. Studies show that 2.4%
to 11% of patients with WM undergo histological
transformation, predominantly to diffuse large B-cell
lymphoma (DLBCL).%° Ninety-one percent of the 77
people in the largest reported series with secondary
DLBCL and WM had involvement of extranodal sites
such as the central nervous system (CNS), skin, and
testicles. The de novo DLBCL variant is significantly
associated with the MYD88 mutation across all
examined locations. The median duration between
diagnosis and high-grade transformation in this series
was 4.6 vyears, with 21 percent of patients (16
individuals) having never received treatment for WM. A
tissue biopsy is required for the diagnosis of histological
transformation. PET-CT scanning can assist in directing
the biopsy site. The prognosis for patients undergoing
this transformation is typically worse than that of
individuals with de novo DLBCL, underscoring the
significance of early detection and intervention. Frequent
monitoring and timely treatment adjustments
significantly influence patient outcomes in these cases.
The treatments and routines used for de novo DLBCL,
especially R-CHOP in the right patients, also work for
high-grade transformation to DLBCL..5%-62

Secondary Malignancies. WM may increase the risk of
secondary cancers. SEER data on 4,676 WM patients
was used to estimate secondary malignancies. Following
WM diagnosis, researchers found 681 tumor cases (15%),
comprising 484 solid and 174 hematologic. With an
overall SIR of 1.49 and a median duration for secondary
malignancies of 3.7 years, the cumulative incidence was
10% at five years and 16% at ten years. More WM
patients had thyroid (SIR 2.7), melanoma (SIR 1.9), and
lung cancer (SIR 1.5) than the overall population. WM
patients had a higher incidence of aggressive lymphomas
(SIR 4.6) and acute leukemia (SIR 3.2).63% Younger
WM patients showed a higher incidence of secondary
malignancies than older ones. Secondary cancers were
equally common across gender and race. The risk of solid
and hematologic cancers increased five years following
WM diagnosis, based on latency. In another population-
based analysis of 6,865 SEER-18 WM patients, we
examined secondary malignancies in WM patients. 346
In this research, WM patients with colorectal cancer (HR
2), melanoma (HR 2.6), and aggressive lymphoma (HR
1.4) had lower overall survival than the general
population. 8364
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Bing-Neel syndrome (BNS). In Bing-Neel syndrome
(BNS), lymphoplasmacytic cells migrate to the central
nervous system (CNS). Brain and spine MRI with
gadolinium and cerebrospinal fluid tests (flow cytometry
and PCR for MYD88 L265P) can help secure the
diagnosis of BNS. Systemic therapy options include
BTK inhibitors, chemotherapy agents, intrathecal
methotrexate, and radiotherapy. BNS is a rare and
usually late manifestation in individuals with WM, and
its development is generally associated with a worse
prognosis. WM patients who develop BNS early in the
disease course might have a better outcome. The intricate
relationship between systemic disease and B-cell
manifestations necessitates careful management and
observation. Early detection and appropriate therapeutic
interventions can significantly impact outcomes in this
challenging clinical context.®>%7

Supportive care. HSV and HZV prophylaxis may
benefit patients needing extensive, immunosuppressive,
or  bortezomib-based  treatment. Hematologic
malignancies more frequently reactivate HBV, so
screening for HBV is necessary before starting therapy
with carfilzomib, Rituximab, or ofatumumab. Testing for
Hepatitis B surface antigen (HBsAg) or core antigen
antibodies can be used for screening. We recommend
entecavir prophylaxis for patients who have fully cured
HBV and an HBcAb antibody. We recommend
screening and antiviral treatment for patients with high
hepatitis B surface antibody levels. We highly
recommend PJP for immunosuppressive and demanding
treatments. SARS-CoV-2 and seasonal flu vaccines
should be available to all WM patients. Chickenpox
vaccinees can now get Shingrix®, a live virus-free
vaccination. Local antibiotic treatments should assess
hypogammaglobulinemia and recurring bacterial
infections. Patients with secondary
hypogammaglobulinemia and recurrent infection despite
antimicrobial prophylaxis might require
immunoglobulin replacement therapy.

Outlook. The multitude of medications -currently
available and under development highlights the
constantly evolving management of WM as ongoing
trials accumulate data from different strategies.

Here are some important frontline studies: the
randomized phase 2 trial viwA-1 (NCT05099471)
compared venetoclax-rituximab and DRC (6 cycles); the
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