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MYD88 mutations occur 
in 95-97% WM Patients



BTK-Inhibitor Trials in WM
Study Cohort Agent (s) N= Time to Major 

Resp.
ORR/Major RR >VGPR PFS

Pivotal Study R/R Ibrutinib 63 2 mo. 91% / 79% 30% 54% @ 60 mo.

INNOVATE
Arm C

R/R Ibrutinib 31 2 mo. 87% / 77% 29% 40% @ 60 mo.

Phase 2 TN Ibrutinib 30 1.9 mo. 100% / 87% 30% 76% @ 48 mo.
INNOVATE
Arms A, B

TN, R/R Ibrutinib
Rituximab

150 3 mo. 92% / 76% 31% 68% @ 54 mo.

Phase 2 TN, R/R Zanubrutinib 77 2.8 mo. 96% / 82% 45% 76% @ 36 mo.
ASPEN-1
(MYD88Mut)

TN, R/R Ibrutinib 99 2.9 mo. 94% / 80% 25% 85% @ 42 mo.
TN, R/R Zanubrutinib 102 2.8 mo. 95% / 81% 36% 88% @ 42 mo.

ASPEN-2
(MYD88WT)

TN, R/R Zanubrutinib 28 3 mo. 78% / 63% 27% 84% @ 42 mo.

Phase 2 TN, R/R Acalabrutinib 106 N/A 94% / 81% 39% 84% TN / 52% R/R
(@ 66 mo.)

Phase 2 TN, R/R Tirabrutinib 27 1.9 TN 2.1 R/R 96% / 93% 33% 93% @ 24 mo.

Phase 2 R/R Pirtobrutinib 80 N/A 81% / 67%
(prior cBTKi)

88% / 88%
(cBTKi naïve)

24%
(prior cBTKi)

29%
(cBTKi naïve)

57% @ 18 mo.
(for prior cBTKi)
N/A for cBTKi naïve.
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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



Treon et al, J. Clin. Oncol. 2021; 

Study Patient
Population

Agent (s) Time to Major 
Response
(CXCRMut vs. WT)

Major 
Response Rate
(CXCRMut vs. WT)

>VGPR
(CXCRMut vs. WT)

PFS
(CXCRMut vs. WT)

Pivotal
Study

R/R Ibrutinib 4.7 vs.1.8 mo. 68% vs. 97% 9% vs. 47% 38% vs. 70% 
(@ 60 mo.)

INNOVATE
Arm C

R/R Ibrutinib 3.6 vs. 1.0 mo. 71% vs. 88% 14% vs. 41% 18 mo. vs. NR
(@ 60 mo.)

Phase 2 TN Ibrutinib 7.3 vs. 1.8 mo. 78% vs. 94% 14% vs. 44% 59% vs. 92% 
(@ 48 mo.)

INNOVATE
Arms A, B

TN, R/R Ibrutinib
Rituximab

3 vs. 2 mos. 77% vs. 81% 23% vs. 41% 63% vs. 72%
(@ 54 mo.)

Phase 2 R/R Zanubrutinib N/A 91% vs. 87% 27% vs. 59% ̴90% vs. ̴78%
(@ 42 mo.)

ASPEN
Cohort 1

TN, R/R Ibrutinib 6.6 vs. 2.8 mos. 65% vs. 82% 10% vs. 24% 49% vs. 75%
(@ 42 mo.)

TN, R/R Zanubrutinib 3.4 vs. 2.8 mos. 70% vs. 82% 18% vs. 34% 73% vs. 81%
(@ 42 mo.)

Impact of CXCR4 Mutation Status in BTK-Inhibitor Studies in WM

Abs



Zanubrutinib vs Ibrutinib in WM
Phase 3 ASPEN

6

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)



Do we give BTK-inhibitors or chemoimmunotherapy 
first 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, Steven 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

Overall survival
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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, Updated IWWM-11, 2022.



FOR INTERNAL USE ONLY. NOT FOR DISPLAY, DISTRIBUTION, OR PROMOTION.
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Abstracted from Tam et al, Blood Advances 2024

TP53 Alterations in Biomarker Analysis of ASPEN Study



Tam et al, Blood 2020; Updated IWWM-11, 2022



ASPEN: PFS in Patients With TP53MUT

PFS by TP53 Mutational Status

Tam et al, IWWM-11, 2022



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



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

How do we optimize first line therapy 
with BTK-inhibitors?



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, Blood 2023



Combination of Ibrutinib and Venetoclax in Treatment-Naïve WM

Castillo et al, BLOOD 2023 Median follow-up: 24 months

ORR 100%
Major RR 96%
VGPR 42%

24 mo. PFS:
79%

CXCR4 Mut Status



Safety

Castillo et al, Blood 2023 (in press)

Study therapy stopped 
due to unexpectedly high 
incidence (9%) of 
ventricular arrythmias, 
including 2 grade 5 events.



A Multi-Center, Open-Label, Single-Arm Phase II Trial of Bendamustine, Rituximab and 
the Next Generation BTK Inhibitor Acalabrutinib in Treatment Naïve WM - BRAWM

ClinicalTrials.gov Identifier: NCT04624906

• N=38 (May 2023).
• Major Response Rate 100%; VGPR 67% for 24 pts who reached cycle 7.
• 14/38 patients (37%) experienced grade 3/4 toxicities during combination 

treatment, 3 febrile neutropenias; 9 non-febrile neutropenias.

Berinstein et al, ICML 2023



How do we manage BTK-inhibitor resistant 
disease?



Non-covalent BTK-I 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.

Palomba et al, IWWM-11



Pirtobrutinib in WM: PFS and Overall Survival in Prior cBTKi Patients

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

• Median follow-up for PFS and OS in patients receiving 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 

Palomba et al, IWWM-11

Median PFS:
19.4 months



Castillo et al, JCO 2021
ORR: 84%; Major RR: 81% 

Median f/u: 33 mos; Median PFS: 30 mos.
Not impacted by CXCR4 mutation status.
Grade >3 neutropenia: 45%



What does the future hold for WM therapy?



Zanubrutinib, Bendamustine and Rituximab 
in Treatment Naïve WM (ZeBRa Trial)

Zanubrutinib

Bendamustine

Rituximab
1 2 3 4  5                                                             15 Andrew Branagan



DIFFERENTIAL IMPACT OF TREATMENT TYPE ON BM MYD88L265P CHANGES

Non-Major responders: <50% reduction in serum IgM
Major responders: >= 50% reduction in serum IgM
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Pirtobrutinib and Venetoclax Study in 
Relapsed/Refractory WM

28ClinicalTrials.gov Identifier: NCT05734495

Jorge Castillo



BGB-11417-101 – NHL or WM

Efficacy of Sonrotoclax as Monotherapy and Zanubrutinib 

Data cutoff: 1 September 2022.
aAt 40 mg: n=3; 80 mg: n=7; 160 mg: n=4; 320 mg: n=9; 640 mg: n=11. bAt 80mg: n=6; 160 mg: n=3. cAt 80 mg: n=12; 160 mg: n=4. dOne patient with MCL on monotherapy MCL was efficacy evaluable. ePR or better.
CR=complete response, DLBCL=diffuse large B-cell lymphoma, FL=follicular lymphoma, MCL=mantle cell lymphoma, NHL=non-Hodgkin’s lymphoma, PD=progressive disease, PR=partial response, R/R=relapsed/refractory, SD=stable disease, tFL=transformed follicular lymphoma, 
Soumerai J et al. Poster presented at ASH 2022 Abstract 4201

Response, n (%)

BGB-11417 monotherapy
(N=43)

BGB-11417 + zanubrutinib 
combination

(N=16)

R/R NHL, DLBCL, MZL, FL, 
tFL, MCL 
(N=34)a

R/R WM
(N=9)b

R/R MCL
(N=16)c

Treated with BGB-11417 34 9 10

Efficacy evaluable 29d 7 9

Best overall responsee 3 (10) 3 (43) 7 (78)

CR 1 (3) 0 6 (67)

PR 2 (7) 3 (43) 1 (14)

SD 7 (24) 2 (29) 0

PD 18 (62) 1 (14) 2 (22)

Discontinued before assessment 1 (3) 1 (14) 0

Follow-up, months (range) 7 (0.1-29) 6 (2-10) 5 (1-13)

Major RR
86%



BGB-11417-101 – NHL or WM

Sonrotoclax: Duration of Treatment and Best Responsea

Data cutoff: 1 September 2022.
aSafety analysis set. 
All received treatments were monotherapy except patients in part 3B, which were combo MCL
CR=complete response, DLBCL=diffuse large B-cell lymphoma, FL=follicular lymphoma, MCL=mantle cell lymphoma, MZL=marginal zone lymphoma, NHL=non-Hodgkin’s lymphoma, PD=progressive disease, PR=partial response, PR-L=partial response with lymphocytosis, SD=stable disease, 
WM=Waldenström’s macroglobulinemia, 
Soumerai J et al. Poster presented at ASH 2022 Abstract 4201
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Novel Treatment Approaches: Pacritinib

Liu et al, ASH 2023

Shayna Sarosiek



Bispecific Antibody Therapy for Waldenstrom’s Macroglobulinemia

Gottfried Von Keudell

Study approved by Sponsor 



CD20 CAR-T Cell Therapy

33
†Dimopoulos MA, et al. Blood. 2014;124(9):1404-1411. VGPR = Very good partial response, MR = Minor response; Updated at EHA June 9, 2023, Presented by Mazyar Shadman, MD (FHCC), 
at the EHA2023 Congress.

Patient characteristics (N=6)
Age, median (range) 69 (51-79)
Female, n (%) 2 (33%)
Prior lines of therapy, median (range) 7.5 (2-12)
Prior Bruton tyrosine kinase inhibitor 6 (100%)

Best response by IWWM-7† (N=6)
CR 2 (33%)
VGPR 1 (16.7%)
PR 1 (16.7%)
MR 1 (16.7%)
SD 1 (16.7%)

Major 
response 
rate: 67%

Safety (N=6)
G1 G2 G3 G4

CRS 2 (33%) 3 (50%) 0 0
ICANS 1 (16%) 0 0 0

No patient has started new anti-WM treatment after MB-106

BD

Mazyar 
Shadman



Waldenstrom's  
Macroglobulinemia: 

Where we are in 
2024!

Steven P. Treon MD, PhD, FRCP, FACP
Harvard Medical School
Bing Center for Waldenstrom’s 
Macroglobulinemia
Dana Farber Cancer Center, Boston MA


	�Waldenstrom's  Macroglobulinemia:Where we are in 2024!
	MYD88 Directed Pro-survival Signaling in WM
	BTK-Inhibitor Trials in WM
	CXCR4 Receptor (WHIM-like) Mutations Are Common in WM �
	Slide Number 5
	Zanubrutinib vs Ibrutinib in WM�Phase 3 ASPEN
	ASPEN: Best Overall Response and PFS by Investigator Assessment
	Slide Number 8
	              ASPEN STUDY Adverse Events of Interest (Cohort 1)
	Do we give BTK-inhibitors or chemoimmunotherapy first in treatment naïve patients?
	Slide Number 11
	Slide Number 12
	Slide Number 13
	ASPEN: PFS in Patients With TP53MUT
	Zanubrutinib Showed Deeper, Faster Responses and Favorable PFS vs Ibrutinib in WM With TP53MUT,a
	How do we optimize first line therapy with BTK-inhibitors?
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	How do we manage BTK-inhibitor resistant disease?
	Non-covalent BTK-I Pirtobrutinib Efficacy in WM Patients
	Pirtobrutinib in WM: PFS and Overall Survival in Prior cBTKi Patients
	Slide Number 24
	What does the future hold for WM therapy?
	Slide Number 26
	DIFFERENTIAL IMPACT OF TREATMENT TYPE ON BM MYD88L265P CHANGES
	Pirtobrutinib and Venetoclax Study in Relapsed/Refractory WM
	Efficacy of Sonrotoclax as Monotherapy and Zanubrutinib 
	Sonrotoclax: Duration of Treatment and Best Responsea
	Slide Number 31
	Slide Number 32
	CD20 CAR-T Cell Therapy
	�Waldenstrom's  Macroglobulinemia: Where we are in 2024!

