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Manifestations of  WM Disease 

2

Hyperviscosity Syndrome:
Epistaxis, Headaches,

Impaired vision
>6,000 mg/dL or >4.0 CP 

Cold Agglutinemia (5%)
Cryoglobulinemia (10%)
IgM Neuropathy (22%)
Amyloidosis (10–15%)

Hepcidin 
↓ Fe Anemia

Bone Marrow
↓ Hb>>> ↓ PLT> ↓ WBC 

Bing Neel Syndrome

≤20% at diagnosis;
50–60% at relapse

Treon S., Hematol Oncol. 2013; 31:76-80.



NCCN Guidelines for Initiation of Therapy in WM

• Hb ≤10 g/dL on basis of disease

• PLT <100,000 mm3 on basis of disease

• Symptomatic hyperviscosity 

• Moderate/severe peripheral neuropathy

• Symptomatic cryoglobulins, cold agglutinins, autoimmune-
related events, amyloid

• IGM level per se is not an indication to treat per NCCN (but…)

Kyle RA, et al. Semin Oncol. 2003;30(2):116-120. Anderson, et al. J Natl Compr Canc Netw. 2012 Oct 1;10(10):1211-9.



Regimen ORR CR Median PFS (mo)

Rituximab x 4 25-30% 0-5% 13 

Rituximab x 8 40-45% 0-5% 16-22

Rituximab/cyclophosphamide 70-80% 5-15% 30-36

Rituximab/nucleoside analogues 70-90% 5-15% 36-62

Rituximab/Proteasome Inhibitor 70-90% 5-15% 42-66

Rituximab/bendamustine 90% 5-15% 69

.

Primary Treatment of WM with 
Chemoimmunotherapy

Reviewed in Dimopoulos, et al. Blood. 2014;124(9):1404-11; Treon, et al. Blood. 2015;126:721-732; Rummel, et al. Lancet Oncol. 2016;17:57-66



WM–Centric Toxicities 
with Commonly Used Therapies

Treon, et al. Blood. 2015;126:721-732. Treon, et al. J Clin Oncol. 2020;38:1198-1208.

Agent WM Toxicities

Rituximab • IgM flare (40%-60%)→Hyperviscosity crisis, Aggravation of IgM-
related PN, CAGG, Cryos.

• Hypogammaglobulinemia→ infections, IVIG

• Intolerance (10%-15%)

Fludarabine • Hypogammaglobulinemia→ infections, IVIG

• Transformation, AML/MDS (15%)

Bendamustine • Prolonger neutropenia, thrombocytopenia (especially after 
fludarabine)

• AML/MDS (5%-8%)

Bortezomib • Grade 2+3 peripheral neuropathy (60%-70%); High discontinuation 
(20%-60%)



MYD88 Directed Pro-survival Signaling in WM

Treon, et al. N Engl J Med. 2012;367(9):826-833.
Yang, et al. Blood. 2013;122(7):1222-1232.

Hodge, et al. Blood. 2014;123(7):1055-1058.
Yang, et al. Blood. 2016;127(25):3237-3252.
Chen, et al. Blood. 2018;131(18):2047-2059.

Liu, et al. Blood Adv. 2020;4(1):141-153.
Munshi, et al. Blood Cancer J. 2020;10:12. 

Munshi, et al. Blood Adv. 2022.

MYD88 mutations occur 
in 95-97% WM Patients
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CXCL12

CXCR4 mutations
Non-sense (S338X)*

Frameshift

CXCR4 Receptor (WHIM-like) Mutations Are Common in WM 

Adapted from Kahler et al. AIMS Biophysics. 2016, 3(2): 211-231.
Hunter et al Blood. 2014;123(11):1637-1646.; Treon et al, Blood. 2014;123(18):2791-2796; Poulain, et al. Clin Cancer Res. 2016;22(6):1480-1488.

30-40% of WM patients 
have CXCR4 mutations

S338X
*Associated with HV Syndrome



Challenges of MYD88 and CXCR4 Detection in WM

Kofides A, et al. Hemasphere. 2021;5(8):e624. Gustine JN, et al. Br J Haematol. 2021;194(4):730-733. 

Sensitivity for mutated CXCR4 
detection was 37% by NGS 

and unselected BM. Low BM 
involvement and clonality 

impacted detection.

MYD88 L265P
AS-PCR NGS

True Positive –no. 391 295
True Negative – no. 23 23
False Positive – no. 0 0
False Negative – no. 0 132
Concordance (κ) – & Ref. 68 (0.19)
Sensitivity (95% CI) – % Ref. 66 (61–71)
Specificity (95% CI) – % Ref. 100 (83–100)
PPV (95% CI) – % Ref. 100 (98–100)
NPV (95% CI) – % Ref. 15 (10–22) Overall
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Ibrutinib monotherapy in previously-treated WM: Pivotal Trial

Treon et al, NEJM 2015

N=63



All Patients MYD88MUT

CXCR4WT
MYD88MUT

CXCR4MUT
MYD88WT

CXCR4WT P-value

N 63 36 22 4 N/A

Overall Response Rate-no.  (%) 90.5% 100% 86.4% 50% <0.01

Major Response Rate-no. (%) 79.4% 97.2% 68.2% 0% <0.0001
Categorical responses

Minor responses-no. (%) 11.1% 2.8% 18.2% 50% <0.01
Partial responses-no. (%) 49.2% 50% 59.1% 0% 0.03
Very good partial responses-no. (%) 30.2% 47.2% 9.1% 0% <0.01

Median time to response (months)
Minor response (≥Minor response) 0.9 0.9 0.9 0.9 0.38
Major response (≥Partial response) 1.8 1.8 4.7 N/A 0.02

*One patient had MYD88 mutation, but no CXCR4 determination and had SD.

Ibrutinib Activity in Previously Treated WM:
Update of the Pivotal Trial (median f/u 59 mos)

Treon, et al. N Engl J Med. 2015;372(15):1430-1440.; Updated in Treon, et al. J Clin Oncol. 2021;39(6):565-575.



MYD88 and CXCR4 Mutation StatusAll patients

5-year PFS: 54%
5-year OS:  87%
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Treon, et al. N Engl J Med. 2015;372(15):1430-1440.; Updated in Treon, et al. J Clin Oncol. 2021;39(6):565-575.

Ibrutinib Activity in Previously Treated WM:
Updated PFS of the Pivotal Trial (median f/u 59 mos)
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Ibrutinib Activity in Previously Treated WM:
Long Term Toxicity Findings (grade >2) of the Pivotal Trial 

Treon, et al. N Engl J Med. 2015;372(15):1430-1440.; Updated in Treon, et al. J Clin Oncol. 2021;39(6):565-575.

Increased since original report; 8 patients (12.7%) with Afib, including grade 1; 7 continued ibrutinib with medical management.



Update of Ibrutinib Monotherapy:
Treatment-Naïve WM Patients

Median f/u: 50 months

All patients were MYD88 mutated.
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1. p=0.07; 2. p=0.01
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Clinical Impact of Drug Holds in WM Patients Receiving 
Ibrutinib as Primary Therapy

• 6/16 (37.5%)
• In 5 of these 6 patients, serum IgM returned to pre-hold levels or better following re-start of therapy at a median 

of 4.6 months (range 3.4-11.2 months). 
• One patient’s serum IgM level remained elevated after self-holding drug for 15 days and met criteria for 

progression. 

IgM rebound (>25% over nadir and >500 mg/dL) 

• 8/16 (50%) experienced a decline in hemoglobin that exceeded 0.5 g/dL, including 5 with a decrease of 1.0 g/dL 
or more. 

• The median time to recovery of the hemoglobin for these patients was 3.7 months (range 3.4-6.1 months).   

Decreased hemoglobin (>0.5 g/dL)

Bottom line: Avoid drug holds when possible

Treon SP, et al. J Clin Oncol. 2018;36(27):2755-2761. 



Pre-
treatment

Post-
treatment

Ibrutinib induced response in 
a WM patient with Bing Neel Syndrome

Mason et al, BJH 2016; ;179(2):339-341

560 mg po once a day



ASPEN: Randomized Study of Zanubrutinib vs Ibrutinib 
Best Overall Response and PFS by Investigator Over Time

Responses Over Time in Patients With MYD88MUT
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Data cutoff: October 31, 2021.
CR, complete response; CXCR4, C-X-C chemokine receptor type 4 gene; mFU, median follow-up; MR, major response; MRR, major response rate; MUT, mutant; MYD88, myeloid differentiation primary response 88 gene; 
PD, progressive disease; PR, partial response; SD, stable disease; VGPR, very good partial response; WT, wild type.

 At 44.4 months event free rates for PFS were
78.3% and 69.7% for zanubrutinib and
ibrutinib, respectively. For OS, 87.5% and
85.2%, respectively.

 At 42.9 months event-free rates for
PFS and OS were 53.8% and 83.9%,
respectively.

Dimopoulos MA et al, 11th International Workshop on WM, Madrid Spain, 2022



Meletios DimopoulosPresented at the 11th International Workshop on Waldenström Macroglobulinemia on October 27-30, 2022
Session XI: Plenary Session II – Presentation WM042

ASPEN STUDY Adverse Events of Interest (Cohort 1)

Bold blue text indicates rate of AEs with ≥10% (all grades) or ≥5% (grade ≥3) difference between arms. 
Data cutoff: October 31, 2021. 
*Descriptive purposes only, 1-sided P < 0.025 in rate difference in all grades and/or grade ≥3. aGrouped terms. bIncluding preferred terms of neutropenia, neutrophil count decreased, febrile neutropenia, and neutropenic sepsis. 
AE, adverse event.

Any grade Grade ≥3

AEs,a n (%) Ibrutinib
(n=98)

Zanubrutinib
(n=101)

Ibrutinib
(n=98)

Zanubrutinib
(n=101)

Infection 78 (79.6) 80 (79.2) 27 (27.6) 22 (21.8)
Bleeding 61 (62.2) 56 (55.4) 10 (10.2) 9 (8.9)
Diarrhea 34 (34.7) 23 (22.8) 2 (2.0) 3 (3.0)
Hypertension* 25 (25.5) 15 (14.9) 20 (20.4)* 10 (9.9)
Atrial fibrillation/
flutter* 23 (23.5)* 8 (7.9) 8 (8.2)* 2 (2.0)

Anemia 22 (22.4) 18 (17.8) 6 (6.1) 12 (11.9)
Neutropenia*b 20 (20.4) 35 (34.7)* 10 (10.2) 24 (23.8)*
Thrombocytopenia 17 (17.3) 17 (16.8) 6 (6.1) 11 (10.9)
Second primary 
malignancy/ 
nonskin cancers

17 (17.3)/
6 (6.1)

17 (16.8)/
6 (5.9)

3 (3.1)/
3 (3.1)

6 (5.9)/
4 (4.0)



Meletios DimopoulosPresented at the 11th International Workshop on Waldenström Macroglobulinemia on October 27-30, 2022
Session XI: Plenary Session II – Presentation WM042

ASPEN: Cardiovascular Disorders

aVentricular arrhythmia including ventricular tachyarrhythmia (SMQ narrow), ventricular arrhythmias and cardiac arrest (High Level Term MedDRA version 24.0). bSymptomatic idiopathic ventricular arrhythmia is defined as a 
ventricular arrhythmia occurring in structurally normal hearts in the absence of myocardial scarring and active infections and were grade ≥2 per CTCAE. cIncluding hypertension (SMQ narrow). dEAIR, as incidence per 100 
person-month. eDescriptive 2-sided P value. *P <0.05 for EAIR difference between treatments. 
AE, adverse event; EAIR, exposure-adjusted incidence rates; SMQ, Standardized MedDRA (Medical Dictionary for Regulatory Activities) queries; VA, ventricular arrhythmia.

Cardiovascular Disorders, n (%)

ASPEN cohort 1 WM Pooled analysis
B-cell malignancies

Ibrutinib
(n=98)

Zanubrutinib
(n=101)

Ibrutinib
(N=422)

Zanubrutinib
(N=1550)

Median treatment 
duration, months 42.23 43.37 19.96 26.64

Any Cardiovascular AE

Atrial fibrillation/flutter* 23 (23.5) 8 (7.9) 60 (14.2) 60 (3.9)

Ventricular arrhythmia (VA)a

Grade ≥2 1 (1.0) 0 6 (1.4) 11 (0.7)

Symptomatic idiopathic 
VAb 1 (1.0) 0 6 (1.4)* 5 (0.3)*

Hypertensionc,* 25 (25.5) 15 (14.9) 85 (20.1) 225 (14.5)

Any Cardiovascular Medical History

Atrial fibrillation/flutter 8 (8.2) 10 (9.9) 26 (6.2) 101 (6.5)

Ventricular arrhythmiaa 0 1 (1.0) 1 (0.2) 14 (0.9)

Hypertensionc 45 (45.9) 39 (38.6) 206 (48.8) 669 (43.2)

Atrial Fibrillation/FlutterCardiovascular AEs
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CXCR4 Nonsense variants with high clonality impact ibrutinib PFS outcomes

Castillo et al, BJH 2019; Gustine et al, Blood Adv 2019

CXCR4 NS vs. FS Mutations

N=180; Previously treated 125 (69%)
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ASPEN: Responses by CXCR4 mutation subtypes
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ASPEN: PFS by CXCR4 mutation subtypes



Median Time to 
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Treon S, et al. Blood. 2021; 138 (17): 1535–1539.

Phase I Trial of CXCR4 antagonist Ulocuplumab and Ibrutinib in 
CXCR4-mutated Patients with Symptomatic WM

Median

Age (yr) 61.5

sIgM (mg/dL) 5241

BM Involved 65%

Hb (g/dL) 9.1

Prior Rx 0 (0-2)

Sx HV 42%

Baseline

Major RR: 100%
VGPR: 33%

Median follow-up : 22.4 mos.



Screening

Informed Consent and Registration

Cycle 1
Ibrutinib 420 mg PO QD

Cycle 2
Ibrutinib 420 mg PO QD

Venetoclax weekly ramp up
100-200-400 mg PO QD

Cycle 3-24
Ibrutinib 420 mg PO QD

Venetoclax 400 mg PO QD

Progressive Disease or 
Unacceptable Toxicity

Stable Disease or 
Response

Stop therapy Continue therapy until 
completion

www.clinicaltrials.gov:
NCT04273139

Follow-up

Dose reductions were 
allowed for toxicity

Ibrutinib and Venetoclax (IVEN) in Treatment Naïve WM

Castillo et al, ASH 2022



IVEN: Response to therapy

7%
4% 12%
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p=0.15

Castillo et al, ASH 2022



IVEN:  Survival analysis

Median follow-up: 11 months

Castillo et al, ASH 2022



Adverse events Grade 2 Grade 3 Grade 4 Grade 5 Total
Anemia 1 2 3

Atrial fibrillation 1 2 1 4
Diarrhea 8 1 9

Reflux 10 10
Mucositis 7 2 9

Nausea 5 5
Neutropenia 1 10 3 14

Hyperphosphatemia 8 8
Muscle/joint pain 14 2 16

Skin rash 6 6
Ventricular arrhythmia 1 1 2 4

Laboratory TLS 2 2

Safety
Adverse events 
observed in ≥3 
patients and of 
clinical importance

n=45

TLS: tumor lysis syndrome

Castillo et al, ASH 2022



So how do we position BTK-inhibitors 
relative to Bendamustine-R in 

treatment naïve patients?



© 2022 Mayo Foundation for Medical Education and Research

Bendamustine Rituximab versus Ibrutinib as Primary Therapy for 
Waldenström Macroglobulinemia: An International Collaborative Study

Jithma P. Abeykoon1, Shaji Kumar1, Jorge J. Castillo2, Shirley D’sa3, Efstathios Kastritis4, Eric Durot5, Encarl Uppal3, Morel Pierre6, Jonas Paludo1, Reema Tawfiq1, Shayna R Sarosiek7, Olabisi Ogunbiyi8,
Pascale Cornillet-Lefebvre9, Robert A. Kyle1, Alain Delmer10, Morie A. Gertz1, Meletios A Dimopoulos11, Steve P. Treon2, Stephen M. Ansell1, and Prashant Kapoor1

Variable BR Ibrutinib p-value

Follow up, median, 
95%CI, y

4.5 (3.7-4.9) 4.5 (4-4.7) 0.7

Age, median, range, y 68 (40-86) 68 (39-86) 0.9

IPSS%
Low 
Intermediate 
High 

11
33
56

17
33
48

0.63

Cycles, median (range)
6 (1-6)

>4 cycles, 77%
42 (0.3-98)

Overall response rate, 
%

94 94 0.91

Major response rate,
%

92 83 0.05

Complete response, % 20 2 <0.001

≥VGPR, % 50 33 0.009

1Division of Hematology, Department of Internal Medicine, Mayo Clinic, Rochester, MN, 2Bing Center for Waldenström Macroglobulinemia, Dana-Farber Cancer Institute, Harvard Medical School, Boston, MA.
3University College London Hospital Foundation Trust, London, United Kingdom, 4Department of Clinical Therapeutics, School of Medicine, National and Kapodistrian University of Athens, Alexandra General Hospital, 80 Vas. Sofias Avenue, 11528, Athens, Greece.

5Department of Hematology, University Hospital of Reims and UFR Médecine, Reims. 6Service Hématologie Clinique et Thérapies Cellulaires, CHU Amiens, Amiens, France, 7Department of Hematology and Oncology, Boston University School of Medicine, Boston Medical Center, Boston, MA.
8Translational Psychiatry Research Group, Research Department of Mental Health Neuroscience, Division of Psychiatry, Faculty of Brain Sciences, University College London, United Kingdom.

9Laboratoire d'hématologie, Hôpital Robert Debré, Reims, France, 10HU de Reims, Hôpital Robert-Debré, Université Reims Champagne-Ardenne, Reims, France.
11Department of Clinical Therapeutics, School of Medicine, National and Kapodistrian University of Athens, Alexandra General Hospital, 80 Vas. Sofias Avenue, 11528, Athens, Greece.
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• Bivariate analysis of age matched patients who 
received either Benda-R or Ibrutinib (N=246)

• 77% of Benda-R patients received 6 cycles
• MYD88 WT patients excluded
• Median Follow-Up: 4.2 years

Abeykoon et al, Eur. Hematol. Assoc. June 2022
Updated IWWM-11, 2022.
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TP53 Mutations in ASPEN Study

N= Total 
TP53Mut

Treatment 
Naïve 
TP53Mut

Previously
Treated
TP53Mut

p= 
(TN vs prev. 
treated)

MYD88M
ut

190 48/190 
(25.2%)

6/190 (3.2%) 42/190 
(22.1%)

<0.00001

MYD88W
T

20 4/20 (20%) 1/20 (5%) 3/20 (15%) NS

Tam C et al, 11th International Workshop on WM, Madrid Spain, 2022



DNA Binding Domain TP53 mutations identified by NGS
N=265; 13/265 (4.9%); 9/265 Validated (3.4%); 6/265 (2.3%) Somatic. 

Gustine et al, BJH 2018.All 6 validated were MYD88 and CXCR4 mutated.
4/6 CXCR4 mutated were NS.



TP53 Mutations in Waldenstrom’s Macroglobulinemia

Poulain et al, CCR 2017
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Constantine S. TamPresented at the 11th International Workshop on Waldenström Macroglobulinemia on October 27-30, 2022
Session XI: Plenary Session II – Presentation WM041

Zanubrutinib Showed Deeper, Faster Responses and Favorable PFS 
vs Ibrutinib in WM With TP53MUT,a

Response

Patients with MYD88MUT

treated with ibrutinib
Patients with MYD88MUT

treated with zanubrutinib
TP53WT

(n=70)
TP53MUT

(n=22)
TP53WT

(n=72)
TP53MUT

(n=26)
VGPR or better, n (%) 21 (30.0) 3 (13.6)† 27 (37.5) 9 (34.6)†

Major Response, n (%) 60 (85.7)* 14 (63.6)* 59 (81.9) 21 (80.8)
Median time to VGPR or better 
(min, max), months

11.4 
(2.0, 49.9)

24.9 
(5.6, 46.9)

6.5
(1.9, 42.0)

11.1
(3.0, 26.0)

Median time to Major Response
(min, max), months

2.9
(0.9, 49.8)

3.0
(1.0, 13.8)

2.8
(0.9, 49.8)

2.8
(1.0, 5.6)

PFS
Event-free rate at 42 months, %
P valueb

72.1
-

57.9
0.027

84.6
-

62.0
0.120

Data cutoff: October 31, 2021.
Bold text indicates >10% difference between MUT and WT. Bold red text highlights P value < 0.05.
*P value <0.05, based on a logistic regression model with CXCR4 (WT, FS, NS), TP53 (WT, MUT), and TERT (WT, MUT) statuses as covariates. WT is the reference group. 
aMutation determined by NGS and available for 92 patients in the ibrutinib arm and 98 patients in the zanubrutinib arm. bEstimated using a Cox regression model with CXCR4 (WT, FS, NS), TP53 (WT, MUT), and TERT (WT, MUT) mutational 

status as covariates. WT is the reference group. c Estimated using a logistic regression model with treatment group, TERT (WT, MUT) and CXCR4 (WT, FS, NS) mutational status as covariates within the respective subgroups(† P value <0.05).
MUT, mutant; MYD88, myeloid differentiation primary response 88 gene; NGS, next-generation sequencing; PFS, progression-free survival; TP53, tumor protein P53 gene; VGPR, very good partial response; WT, wild type.

 Compared to ibrutinib, zanubrutinib demonstrated a more favorable VGPR+CR rate (P valuec < 0.05) 
and major response rate (P valuec = 0.11) in TP53MUT

Outcomes in ASPEN Study for 
TP53 Wild-Type vs. TP53 Mutated Patients



MYD88 
CXCR4 

Genotyping
MYD88Mut

CXCR4Mut

MYD88Mut

CXCR4WT

MYD88WT

CXCR4WT

Rapid Response
Required

Rapid Response
Not Required

Plasmapheresis for
severe HV, CAGG, CRYOS,
rapidly progressing IGM PN

Zanubrutinib
Alternative: Benda-R, PI based regimen

Benda-R 
or PI based regimen

BTK-inhibitor  (monotherapy)
Alternatives: Benda-R, PI based regimen

Benda-R, PI based regimen or Zanubrutinib

Genomic Based Treatment Approach 
to Symptomatic Treatment Naïve WM

• Rituximab should be held for serum IgM >4,000 mg/dL
• Benda-R for bulky adenopathy or extramedullary disease.
• PI or bendamustine based regimen for symptomatic amyloidosis, and possible ASCT as

consolidation.
• Rituximab alone, or with ibrutinib if MYD88Mut or bendamustine for IgM PN depending on severity

and pace of progression.
• Maintenance rituximab may be considered in >65 year patients responding to rituximab based

regimens or those with < major response.
Treon et al, JCO 2020; 38:1198-1208; Italics denote modifications since publication.



MYD88 
CXCR4 

Genotyping

MYD88Mut

CXCR4Mut

MYD88Mut

CXCR4WT

MYD88WT

CXCR4WT

Plasmapheresis 
if

severe HV, 
CAGG, CRYOS,

rapidly 
progressing IGM 

PN

First and second 
relapse or refractory

Ibrutinib plus rituximab 
or zanubrutinib
(if BTK-I naïve)

Alternative: Benda-R, 
PI based regimen

First and second relapse or refractory
BTK-inhibitor alone (if BTK-I naïve)

Alternatives: Benda-R, PI based regimen

Benda-R, PI based regimen or zanubrutinib

Third or later relapse or refractory
BTK-inhibitor alone (if BTK-I naïve)

Alternatives: Venetoclax, NA1, everolimus

Third or later 
relapse or 
refractory

Ibrutinib plus 
rituximab or 
zanubrutinib

(if BTK-I naïve)
Alternatives: 

venetoclax, NA1, 
everolimus

Genomic Based Treatment Approach 
to Symptomatic Relapsed or Refractory WM

• Nucleoside analogues (NA) should be avoided in younger patients, and candidates for ASCT.1

• ASCT may be considered in patients with multiple relapses, and chemosensitive disease, and

those with amyloidosis for consolidation after PI or bendamustine based therapy.

Treon et al, JCO 2020; 38:1198-1208; Italics denote modifications since publication.



Conclusions
• Activating MYD88 mutations are found in 95-97% of

WM patients and drive multiple growth and survival
pathways that include BTK and IRAK1/IRAK4 canonical
NFKB signaling.

• CXCR4 mutations are found in 40% of WM patients and
drive resistance to BTK-inhibitors, particularly nonsense
variants. CXCR4 antagonists may overcome resistance to
ibrutinib in CXCR4Mut patients.

• Zanubrutinib shows more favorable activity in CXCR4
mutated, and MYD88 WT patients, and much less Afib.

• TP53 is far more common among previously treated vs.
TN patients, and impacts outcomes with BTK-inhibitors.
Should BTK-inhibitors be moved to the frontline before
TP53 mutations set in?
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