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Investigational Drugs for WM: 
Zanubrutinib, Acalabrutinib, Ulocuplumab, Mavorixafor, Venetoclax



Objectives

 Identify genomic subgroups in WM
 Apply targeted therapies based on genomic 

profiling and explain how they work for WM 
patients
 Manage selected therapy and the forecasted 

outcomes, toxicities, and duration
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Pro-survival signaling triggered 
by mutated MYD88 and CXCR4 in WM.

Treon et al, NEJM 2012
Hunter et al, Blood 2014; Xu et al, BJH 2016
Kapoor and Treon, Blood 2020; 136(18):1997-1999.
Yang et al, Blood 2013; Blood 2016
Munshi et al, BCJ 2020
Yang et al, Blood 2021 (First Edition)

Mutation Incidence in WM
MYD88: 95-97%
CXCR4: 30-40%



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, NEJM 2015; Updated JCO 2021



All patients                     By MYD88 and CXCR4 Mutation Status

Ibrutinib in Previously Treated WM: Updated PFS

5 year PFS: 54%
5 year OS:   87%

MYD88 Mutated

MYD88/CXCR4
MutatedMYD88/CXCR4

Wild-Type

Treon et al, NEJM 2015; Updated JCO 2021



Ibrutinib in Previously Treated WM:  Adverse Events

Treon et al, NEJM 2015; Updated JCO 2021

Continued

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



iNNOVATE (PCYC-1127; NCT 02165397) Study Design

Garcia Sanz et al, EHA Abstract EP782



Response Rates by Genotype and Prior Treatment Status

Garcia Sanz et al, EHA Abstract EP782



54-month PFS Ibrutinib-RTX Placebo-RTX

MYD88Mut/CXCR4WT 72% 25%

MYD88Mut/CXCR4Mut 63% 21%

MYD88WT/CXCR4WT 70% 30%

iNNOVATE: PFS by Genotype

Garcia Sanz et al, EHA Abstract EP782Mutated (Mut); Wild-Type (WT); RTX (Rituximab)



Challenges of MYD88 and CXCR4 detection in WM

Sensitivity for mutated CXCR4 
detection was 37% by NGS and 

unselected BM. Low BM 
involvement and clonality 

impacted detection.

Kofides et al, Hemasphere 2021; Gustine et al, BJH 2021 (in press).



iNNOVATE: 
Adverse Events
Associated with 

Ibrutinib-Rituximab
Garcia Sanz et al, EHA Abstract EP782



Data Cut-off: August 31, 2019
Median Follow-up: 19.4 months

Tam et al, Blood 2020



*CXCR4 mutated patients 
had lower VGPR 

responses in both arms in 
post-hoc analysis 

using NGS:

Mut     WT
Zanu (18% v. 34%)
Ibru (10% v. 24%)

Tam et al, Blood 2020



Overall

Zanubrutinib
(N = 102)

Ibrutinib
(N = 99)

AEs of Interest, n, %

Atrial fibrillation/flutter (all grades) 2 (2.0%) 15 (15.3%)

Minor bleeding
(bruising, contusion, petechiae)

49 (48.5%) 58 (59.2%)

Major hemorrhage* 6 (5.9%) 9 (9.2%)

Diarrhea (all grades) 21 (20.8%) 31 (31.6%)

Infection
Pneumonia/Lower respirtory tract 
infections

67 (66.3%)
9 (8.9%)

66 (67.3%)
19 (19.4%)

Hypertension 11 (10.9%) 17 (17.3%)

Hematologic
Neutropenia
Anemia
Thrombocytopenia

30 (29.7%)
12 (11.9%)
10 (9.9%)

13 (13.3%)
10 (10.2%)
12 (12.2%)

* Bleeding > grade 3, or CNS bleeding of any grade

ASPEN: Adverse Events of Special Interest

Press release, January 2020Tam et al, Blood 2020





Shadman et al, EHA 2021; Abstract EP642

PRELIMINARY RESULTS OF A PHASE 2 STUDY OF ZANUBRUTINIB IN 
PATIENTS WITH PREVIOUSLY TREATED B CELL MALIGNANCIES 

INTOLERANT TO IBRUTINIB/ACALABRUTINIB



Patient Demographics and Baseline Characteristics

Shadman et al, EHA 2021; Abstract EP642



Recurrence of Ibrutinib Intolerance Events on Zanubrutinib

Shadman et al, EHA 2021; Abstract EP642



N= %

ORR 23 81%

Major (PR or 
better)

13 50%

VGPR 7 27%N=28



Phase II Study of Venetoclax in Previously Treated  WM

Castillo et al, 17th IMW 2019; Manuscript submitted.

Clinical trials.gov: NCT02677324
ORR: 84%; Major RR: 81% 
Median PFS: 30 months



Venetoclax (ABT-199) Augments Ibrutinib-induced Apoptosis

Higher BCL2 levels in MYD88 
mutated WM 

Cao et al, BJH 2015; 168(5): 701–7



Ibrutinib and Venetoclax in Treatment Naïve WM

Ibrutinib 
420 mg/day 

x 4 weeks 

Ibrutinib 
420 mg/day

Add Venetoclax
100 mg/day week 5 
200 mg/day week 6

400 mg/day weeks 7,8

Ibrutinib 
420 mg/day

And

Venetoclax
400 mg/day

Observation

4 weeks                                  4 weeks                                 22 months                        Follow to PD
or off study

24 months

Jorge Castillo, PI (DFCI) CLINICALTRIALS.GOV: NCT04273139



Phase I/II Trial of Ulocuplumab and Ibrutinib 
in CXCR4 mutated patients with symptomatic WM

Ibrutinib Until PD or 
Intolerance

Weekly Ulo

4 weeks

Biweekly Ulo

20 weeks

STOP

Dose Level Ibrutinib Ulocuplumab Cycle 1 Ulocuplumab Cycles 2-6
Level 1 –Starting dose 420mg PO DQ 400 mg weekly 800 mg every other week
Level 2 420mg PO DQ 800 mg weekly 1200 mg every other week
Level 3 420mg PO DQ 800 mg weekly 1600 mg every other week

Schema

ClinicalTrials.gov Identifier: NCT03225716Treon et al, Blood 2021.



Treon et al, Blood 2021 (online)



sIGM Hemoglobin

Treon et al, EHA 2021 Abstract EP784 

PRELIMINARY CLINICAL DATA FROM A PHASE 1B STUDY OF MAVORIXAFOR AND IBRUTINIB IN PATIENTS WITH 
WALDENSTRÖM’S MACROGLOBULINEMIA WITH MYD88 AND CXCR4 MUTATIONS



Acquired Resistance in WM Patients on Ibrutinib

Patient*

L265P 
positive 

cells with 
BTK 

C481RT>C

L265P 
positive 

cells with 
BTK 

C481ST>A

L265P 
positive 

cells with 
BTK 

C481SG>C 

L265P 
positive 

cells with 
BTK 

C481YG>A

L265P 
positive 

cells with 
PLCG2 

Y495HT>C

L265P 
positive 

cells with 
CARD11 
L878FC>T

WM1 None None None None None None

WM2 32.4% 6.6% 5.8% 1.0% None None

WM3 0.3% 34.4% 6.5% 0.3% None 0.2%

WM4 None None None None None None

WM5 None None None None None None

WM6 None None 10.3% None 11.9% None

All patients were MYD88 mutated. WM2, WM3, WM6 are CXCR4 WHIM 
mutated.

Xu et al, Blood 2017

Targeted next-generation sequencing for 
MYD88, CXCR4, BTK, PLCG2, CARD11, LYN. 



Pirtobrutinib Overcomes Ibrutinib Resistance Caused by BTKCys481Ser

BCWM.1

TMD8

Pirtobrutinib

Pirtobrutinib

Munshi et al, ASH 2021 (submitted)



LOXO-305, A Next Generation, Highly Selective, Non-Covalent BTK Inhibitor 
in Previously Treated Mantle Cell Lymphoma, Waldenström's
Macroglobulinemia, and Other Non-Hodgkin Lymphomas: Results from the 
Phase 1/2 BRUIN Study

94

38

19

17

7
5

7

CLL/SLL MCL DLBCL WM FL MZL Other

• 15 evaluable for efficacy
• 60% previously exposed 

to covalent BTK inhibitors
• ORR 60%

• 1 VPGR
• 4 PR
• 4 MR

Wang et al. ASH 2020



• Single-arm, open-label phase II study
• Multicenter: DFCI/MGH, MSKCC, Mayo, SCCA, Stanford, Colorado 

Cancer Center.
• Pirtobrutinib at 200 mg orally QD on 28-day cycles
• Dose reduction allowed for toxicity.
• Participants will continue pirtobrutinib until PD or toxicity and will 

be followed for up to 2 years after completion of 48 cycles of 
treatment or until death.

Trial Design Jorge Castillo, PI (DFCI)



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

BTK-I plus rituximab
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

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 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 patients responding to rituximab based regimens.

Treon et al, JCO 2020; 38:1198-1208



MYD88 
CXCR4 

Genotyping

MYD88Mut

CXCR4Mut

MYD88Mut

CXCR4WT

MYD88WT

CXCR4WT

Plasmapheresi
s if

severe HV, 
CAGG, CRYOS,

rapidly 
progressing 

IGM PN

First and second relapse 
or refractory

BTK-inhibitor plus 
rituximab (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

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

Alternatives: venetoclax, NA1, everolimus

Third or later 
relapse or 
refractory

BTK-inhibitor +
Rituximab 

(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.

Treon et al, JCO 2020; 38:1198-1208
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