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Manifestations of  WM Disease 

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

≤20% at diagnosis; 50-60% at relapse

¯Hb>>> ¯PLT> ¯WBC 

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

Bing Neel Syndrome



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.



Serum IGM as a Predictor of Symptomatic Hyperviscosity

4Gustine, et al. Br J Haematol. 2017;177(5):717-725. 
diagnosis were independently associated with an adverse

prognosis. The univariate and multivariate models are shown

in Table III.

Impact of tumour genotype

Tumour genotyping was performed in 224 patients. Among

these patients, 216 (96%) carried the MYD88 L265P muta-

tion and 8 (4%) were wild-type for MYD88. Of the MYD88

mutated patients, 106 (47%) carried at least one CXCR4

mutation; 64 (60%) had a nonsense mutation, 37 (35%) had

a frameshift mutation and 5 (5%) had both a nonsense and

frameshift mutation. Patients who developed symptomatic

hyperviscosity had a similar rate of mutated MYD88 (100%

vs. 96%; P = 0!21) versus patients who did not develop

symptomatic hyperviscosity. None of the patients with wild-

type MYD88 developed symptomatic hyperviscosity. Patients

who developed symptomatic hyperviscosity were more likely

to carry a CXCR4 mutation (78% vs. 42%; P < 0!001) versus
those who did not develop symptomatic hyperviscosity. For

CXCR4 mutated patients, the odds of presenting with symp-

tomatic hyperviscosity were higher versus wild-type CXCR4

patients (OR 4!94, 95% CI 2!14–11!4; P < 0!001). Moreover,

symptomatic hyperviscosity was more likely with a CXCR4

nonsense mutation than frameshift mutation (41% vs. 5%;

P < 0!001). Patients with a CXCR4 nonsense mutation had

Fig 1. Estimated cumulative incidence of
symptomatic hyperviscosity from Waldenstr€om
macroglobulinaemia diagnosis (A), and time to
symptomatic hyperviscosity according to serum
IgM level at Waldenstr€om macroglobulinaemia
diagnosis (B). 95% CI, 95% confidence inter-
val; WM, Waldenstr€om macroglobulinaemia.
[Colour figure can be viewed at wileyonlineli-
brary.com]

J. N. Gustine et al

720 ª 2017 John Wiley & Sons Ltd
British Journal of Haematology, 2017, 177, 717–725

Probability of symptomatic 
hyperviscosity is 370-fold 

higher for patients with 
serum IgM >6000 mg/dL



Regimen ORR CR Median PFS (mo)

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

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

Rituximab/thalidomide 70% 5% 30

Rituximab/cyclophosphamide 
(i.e. CHOP-R, CVP-R, CPR, CDR) 

70-80% 5-15% 30-36

Rituximab/nucleoside analogues
(i.e. FR, FCR, CDA-R)

70-90% 5-15% 36-62

Rituximab/Proteasome Inhibitor 
(i.e. BDR, VR, CaRD)

70-90% 5-15% 42-66

Rituximab/bendamustine 90% 5-15% 69

.

Primary Therapy of WM with Rituximab

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



BR + Watch & Wait  vs  BR + 2 years Rituximab
StiL NHL 7-2008  MAINTAIN Trial

Rummel, et al. Blood. 2019;134 (Supplement_1): 343

Bendamustine-Rituximab            + 
Watch & Wait                  

(n = 109)

Bendamustine-Rituximab
+ 2 years Rituximab q 2 months

(n = 109)

WM B-R R
n = 218

≥ PR
n = 296 SD, PD

off study

.



months
(median)

Obs. n. y. r. 
R maint. n. y. r. 

Patients Younger Than 65 years Patients Older Than 65 years

months
(median)

Obs. 64.3 
R maint. 118.4

HR, 0.75 (95% CI, 0.38 – 1.51); P = 0.4177 HR, 1.86 (95% CI, 1.03 – 3.38); P = 0.0355

PFS (Patient Age) 
StiL NHL 7-2008  MAINTAIN Trial

Rummel, et al. Blood. 2019;134 (Supplement_1): 343.
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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



352

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



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)

MYD88MUT/ 
CXCR4MUT

MYD88MUT/ 
CXCR4WT

MYD88WT/ 
CXCR4WT



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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Median time to Response

1. p=0.07; 2. p=0.01



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



Zanubrutinib vs Ibrutinib in WM
Phase 3 ASPEN

17

BID, twice daily; BTK, Bruton tyrosine kinase; CIT, chemoimmunotherapy; CXCR4, C-X-C Motif Chemokine Receptor 4; MYD88MUT, myeloid differentiation primary response gene 88 mutant; PD, progressive 
disease; QD, daily; R, randomization; R/R, relapsed/refractory; TN, treatment naïve; WM, Waldenström Macroglobulinemia; WT, wild-type.

aUp to 20% of the overall population

Stratification factors

• CXCR4 status                                
(CXCR4WHIM vs CXCR4WT  vs missing)

• Number of prior lines of therapy                         
(0 vs 1-3 vs >3)

MYD88MUT WM 
patients

N=201 (164 R/R)

Arm A: Zanubrutinib
n= 102

160 mg BID until PD

Arm B: Ibrutinib
n= 99

420 mg QD until PD

Cohort 1

MYD88WT WM 
patients

N=28 (23 R/R)

Arm C: Zanubrutinib
N=28

160 mg BID until PDCohort 2

Eligible Patients

• Histologic diagnosis of WM

• Meeting ≥1 criterion for 
treatment initiation1

• If treatment naïve (TNa), 
must be considered 
unsuitable for standard CIT

• No prior BTK inhibitors

R
1:1

ClinicalTrials.gov Identifier: NCT03053440



ASPEN: Best Overall Response and PFS by Investigator Assessment

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



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)





So how do we position BTK-inhibitors 
relative to Bendamustine-R in 
treatment naïve patients?



Bendamustine Rituximab v. Ibrutinib as Primary Therapy for WM: 
An International Collaborative StudyJithma 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
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56

17
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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
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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.





Most previously treated patients received alkylators



So how do we manage BTK-inhibitor 
resistant disease?



Castillo et al, JCO 2021
ORR: 84%; Major RR: 81% 
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Pirtobrutinib Efficacy in WM Patients
Response Evaluable
WM Patients

Prior cBTKi
n=63

cBTKi Naïve
n=17

Major Response Ratea, % (95% CI) 66.7 (53.7-78.0) 88.2 (63.6-98.5)
CR + VGPR Rate, % (95% CI) 23.8 (14.0-36.2) 29.4 (10.3-56.0)
Best Response

VGPR, n (%) 15 (23.8) 5 (29.4)
PR, n (%) 27 (42.9) 10 (58.8)
MR, n (%) 9 (14.3) 0 (0)
SD, n (%) 9 (14.3) 2 (11.8)

Data cutoff date of 29 July 2022. Data for 4 patients are not shown in the waterfall plot due to missing IgM values at baseline or response assessment. Response as assessed by investigator based on Modified IWWM6 (Owen’s) 
criteria. Under modified IWWM6 criteria, a PR is upgraded to VGPR if corresponding IgM is in normal range or has at least 90% reduction from baseline. aMajor response includes subjects with a best response of CR, VGPR, or PR. 
Total % may be different than the sum of the individual components due to rounding.



Progression-Free Survival and Overall Survival in Prior cBTKi Patients

Data cutoff date of 29 July 2022. Response as assessed by investigator based on modified IWWM6 criteria.

• The median follow-up for PFS and OS in patients who received prior cBTKi was 14 and 16 months, respectively
• 55.6% (35/63) of patients who received prior cBTKi remain on pirtobrutinib

Progression-Free Survival Overall Survival 



Pirtobrutinib Safety Profile

All Doses and Patients (N=773)
Treatment-Emergent AEs, (≥15%), % Treatment-Related AEs, %

Adverse Event (AEs) Any Grade Grade ≥ 3 Any Grade Grade ≥ 3
Fatigue 28.7% 2.1% 9.3% 0.8%
Diarrhea 24.2% 0.9% 9.3% 0.4%
Neutropeniaa 24.2% 20.4% 14.7% 11.5%
Contusion 19.4% 0.0% 12.8% 0.0%
Cough 17.5% 0.1% 2.3% 0.0%
Covid-19 16.7% 2.7% 1.3% 0.0%
Nausea 16.2% 0.1% 4.7% 0.1%
Dyspnea 15.5% 1.0% 3.0% 0.1%
Anemia 15.4% 8.8% 5.2% 2.1%

AEs of Special Interestb Any Grade Grade ≥ 3 Any Grade Grade ≥ 3
Bruisingc 23.7% 0.0% 15.1% 0.0%
Rashd 12.7% 0.5% 6.0% 0.4%
Arthralgia 14.4% 0.6% 3.5% 0.0%
Hemorrhage/Hematomae 11.4% 1.8% 4.0% 0.6%
Hypertension 9.2% 2.3% 3.4% 0.6%
Atrial fibrillation/flutterf,g 2.8% 1.2% 0.8% 0.1%

Median time on treatment for the overall safety population was 9.6 months
Discontinuations due to treatment-related AEs occurred in 2.6% (n=20) of all patients 
Dose reductions due to treatment-related AEs occurred in 4.5% (n=35) of all patients

Overall and WM safety profiles are generally consistenth

Data cutoff date of 29 July 2022. aAggregate of neutropenia and neutrophil count decreased. bAEs of special interest are those that were previously associated with covalent BTK inhibitors. cAggregate of contusion, petechiae, 
ecchymosis, and increased tendency to bruise. dAggregate of all preferred terms including rash. eAggregate of all preferred terms including hematoma or hemorrhage. fAggregate of atrial fibrillation and atrial flutter. gOf the 22 total 
afib/aflutter TEAEs in the overall safety population, 7 occurred in patients with a prior medical history of atrial fibrillation. hWM safety population data can be found via QR code. Constipation is more commonly seen as a TEAE in the WM 
population than in all patients.



Schema for Pirtobrutinib and Venetoclax 
Study in Relapsed/Refractory WM

30



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.




