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Waldenström’s Macroglobulinemia – first described by Jan Gosta

Waldenström in 1944.
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IWMF GRANT TO STUDY MONOCLONAL ANTIBODY 
THERAPY IN WM-JANUARY 2000

Treon, Steven P., MD, MA, PhD - Dana-Farber Cancer Institute, Boston, MA (January 2000)
TITLE: TREATMENT OF WALDENSTROM’S MACROGLOBULINEMIA BY ANTIBODY-MEDIATED IMMUNOTHERAPY AND 
INDUCTION OF TUMOR SELECTIVE ANTIGENS
[This study was to develop an antibody-mediated immunotherapy for treating WM by identifying novel tumor 
selective antigens to target WM plasma cells, as well as identifying agents which could be used clinically to induce 
such plasma cell selective antigens. The study sought to (1) identify how Rituxan, a monoclonal antibody (MoAb) 
works in WM patients; (2) to develop strategies to overcome the body’s resistance to Rituxan; (3) to identify how 
protein markers on the surface of WM tumor cells block the immune system activity; and (4) to identify new therapies 
for use in WM. Resistant proteins were located on the WM cells, but they did not interfere with the Rituxan reaction. 
Other immune mechanisms appeared to be more important in determining the response to Rituxan. During the 
project another suitable antigen target labeled CD52 was identified on WM cells and an FDA approved monoclonal 
antibody (Campath-1H) has been shown to have activity against that site].

Arnie Smokler



1999-2000   2004       2005      2008                  2009              2011                   2012

Standard

Rituximab
CHOP-R

FcγRIIIA Polymorphisms
to predict Rituximab response

Extended

Rituximab

Thalidomide

Rituximab

Lenalidomide

Rituximab

Fludarabine

Rituximab

Bortezomib

Dexamethasone

Rituximab

Rituximab

IgM Flare

Bendamustine

Rituximab

VGPR/CR predicts

long term response

Maintenance

Rituximab

Alemtuzumab

Monoclonal Antibody Clinical and Translational Studies enabled by IWMF

Steve Treon, Principal Investigator

PDR



Drs. Touroutoglou and Treon, joined by IWMF President Ben Rude and researchers from the Dana Farber Cancer Institute and

Nevada Cancer Center at the WM Research Clinic at Las Vegas IWMF Meeting-2002. Patients attending the annual IWMF

conference participated in research at this clinic which enabled identification of a genetic polymorphism that is now used to predict

responses to the monoclonal antibody rituximab in patients with WM.



DFCI Clinic at Las Vegas IWMF Meeting-2002



Second International Workshop on WM-Athens, Greece 2002



Closing Ceremony at the Acropolis, Athens, Greece 2002



Second International Workshop on WM

September 2002 Consensus Panels

• Diagnostic Criteria for WM

• Criteria to Initiate Treatment

• Treatment Guidelines

• Response Criteria for WM

Supported by the IWMF 



Second International Workshop on Waldenstrom’s Macroglobulinemia

Paris 2004



Steve Treon with co-chairs Pierre Morel, Jean-Paul Fermand and Veronique LeBlond 

at the Opening Ceremonies of the Third International Workshop on WM-Paris, France 2004.



5th International Workshop on 
Waldenstrom’s Macroglobulinemia

Stockholm, Sweden  •  Nobel Hall, October 2008



Advances in the Biology of  Waldenstrom’s MacroglobulinemiaLong-term Follow-up of WM Patients Treated 

With Nucleoside Analogues

▪ N = 463 patients with WM 

▪ 176 pts with WM received either fludarabine or cladribine (2CDA) and 
were compared with pts treated without a nucleoside analogue or 
who remained on watch and wait

▪ Incidence of transformation to aggressive lymphoma increased by 7-
fold and MDS/AML by 3-fold in pts treated with a nucleoside 
analogue.

▪ Overall survival for pts who transformed to aggressive lymphoma 
does not appear to be different and may reflect improvements in 
therapy (CHOP-R) offered to pts with transformed lymphomas.

Leleu et al, JCO 2008



Advances in the Biology of  Waldenstrom’s Macroglobulinemia

CHOP-R vs CVP-R vs. CPR in WM

▪ Study of outcomes for primarily untreated patients at DFCI.

▪ Less grade ¾ neutropenia, hospitalizations, neuropathy due to vincristine with CPR.

Response CHOP-R 
(n=23)

CVP-R  
(n=17)

CPR     
(n=10)

ORR 91% 80% 90%

Major RR 
(>50%decrease IgM)

70% 53% 80%

CR 4% 0% 0%

Ioakimides et al, CLM 2009



UCLA Summit on WM, Los Angeles 2003



Dr. Treon joined by Mrs. Harriet Fulbright (President, Fulbright Foundation)

and DFCI President Edward Benz at the dedication of Bing Center for WM at DFCI-2005.



Dr. Peter Bing (Trustee and Chair, Stanford University) cuts the ribbon with Dr. Treon at the 

Dedication of Bing Center for WM at DFCI-2005.



The Bing Center for WM at DFCI- 2006



Discovery of the MYD88 Mutation
in 2011 in WM -2012-

93-97% of WM patients Treon et al, ASH 2011; NEJM 2012

Peter Bing MD



MYD88 L265P Somatic Mutation in WM 

• MYD88L265P confirmed by

AS-PCR in 93-97% WM pts;

• Usually heterozygous;

• 10% WM patients homozygous

due to acquired UPD.

• MYD88 homozygosity increases

with time.

C > G at position 38186241

at 3p22.2 in 91% of WM Patients by WGS

Treon et al, NEJM 367:826, 2012



MYD88 L265P by AS-PCR can help 

distinguish WM from overlapping entities

Xu et al, Blood 2013

WM

HD         IGG       IGM        CLL       MM        MZL         WM 
----MGUS----

0%           0%         54%       4%         0%        10%       93%        



Pro-Survival Signaling by Mutated MYD88 

in Waldenström's Macroglobulinemia

Yang et al, Blood 2013 122(7):1222-32;

Yang et al, Blood 2016 127(25):3237-52

Munshi and Yang et al, BCJ 2020

BTK-inhibitors

ibrutinib

zanubrutinib

95-97% of WM patients have mutations in MYD88



Discovery of CXCR4 mutations in WM -2013-

30-40% of WM patients



Mutations impact the “tail” of the CXCR4 

receptor

Adapted from Kahler et al, AIMS Biophysics, 2016
S338X

352

Most common 

mutation is S338X



N=  MYD88 Status CXCR4 Mutation Nucleotide change Amino acid change 
1 L265P Nonsense r.997 A>T1 K333X1 
3 L265P Nonsense r.1000C>T R334X 
7 L265P Nonsense r.1013C>A S338X 
15 L265P Nonsense r.1013C>G2 S338X2 
1 WT Frameshift r.931_933insT T311fs 
3 L265P Frameshift r.952_954insA T318fs 
2 L265P Frameshift r.951_953delACCTC T318fs 
1 L265P Frameshift r.954_956insC S319fs 
1 L265P Frameshift r.958_960delTG V320fs 
1 L265P Frameshift r.963_965insC R322fs 
1 L265P Frameshift r.969_971insG S324fs 
1 L265P Frameshift r.978_980insT K327fs 
1 L265P Frameshift r.984_986insT L329fs 
1 L265P Frameshift r.993_995insA G332fs 
1 L265P Frameshift r.1005_1007insT G336fs 
2 L265P Frameshift r.1013_1015delATCT S338fs 
1 L265P Frameshift r.1013_1015delATCTGTTTCCACTGAGT S338fs 
3 L265P Frameshift r.1012_1014insT S338fs 
1 L265P Frameshift r.1015_1017delCT S339fs 
1 L265P Frameshift r.1020_1022delT S341fs 
1 L265P Frameshift r.1024_1026delCT S342fs 
1 L265P Frameshift r.1030_1041CTGAGTCTTC>GT S344fs 
1 L265P Frameshift r.1033_1035delAG E345fs 

>40 types of CXCR4 C-terminal somatic mutations in WM

Treon et al, Blood 2014; Poulain et al, CCR 2016; Baer et al, Leukemia 2017

including multiple CXCR4 mutations within individual patients

@50%



MYD88 and CXCR4 Mutation Status Impacts 

Clinical Presentation of WM Patients

MYD88WT

MYD88    WT      L265P   L265P    L265P

CXCR4    WT        WT        FS          NS

MYD88    WT      L265P   L265P    L265P

CXCR4    WT        WT        FS          NS

BM (%) sIGM (mg/dL

Treon et al, Blood 2014; 123(18):2791-6.



Drug resistance

Bone Marrow Stroma

Mutated CXCR4 permits ongoing 

pro-survival signaling by CXCL12

CXCR4

WM Cell

CXCR4 receptor remains

up with mutation
CXCL12

Cao et al, Br J Haematol. 2015 Mar;168(5):701-7; Roccarro et al, Blood. 2014 Jun 26;123(26):4120-31

30-40% of WM patients have mutations in CXCR4



                Study O  

         Opened May 2012                                            R. Advani   L. Palomba 

     
420 mg po qD 

 Ibrutinib 

Progressive Disease (PD) or 

Unacceptable Toxicity 
Stable Disease or Response 

Continue   

Stop Ibrutinib 

Event Monitoring 

Event Monitoring 

Screening 

Registration 

www.clinicaltrials.gov  

     NCT01614821 

Multicenter study of Ibrutinib in 

Relapsed/Refractory WM (>1 prior therapy)

✔
MYD88, CXCR4 

Mutation Status
ClinicalTrials.gov Identifier: NCT01614821

R Advani    L PalombaS Treon PI



FDA MEETING JUNE 2014

IBRUTINIB

FIRST EVER APPROVAL 

OF A DRUG FOR WM

FIRST BREAKTHROUGH 

EVER GRANTED

IN ONCOLOGY-IBRUTINIB IN WM

NOVEMBER 2012



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)

Updated from Treon et al, NEJM 2015



All patients                    MYD88 and CXCR4 Mutation Status

Updated from Treon et al, NEJM 2015

Ibrutinib in Previously Treated WM: Updated PFS

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

MYD88 Mutated

MYD88/CXCR4

MutatedMYD88/CXCR4

Wild-Type



Long Term Toxicity Findings (grade >2)

Increased since original report. 8 patients (12.7%) with Afib, including grade 1. 

7 continued ibrutinib with medical management. 



ARM B: Placebo

+ Rituximab 375mg/m2 x 8 infusions 
(weeks 1,2,3,4,17,18,19, and 20)

ARM A: ibrutinib 420mg

+ Rituximab 375mg/m2 x 8 

infusions (weeks 1,2,3,4,17,18,19, and 

20)

1:1 

Randomization

N = 150

ARM C: ibrutinib 420mg
Subjects considered

refractory to prior rituximab

N=31

iNNOVATE Study in WM
Treatment Naïve + Previously Treated

45 centers in 9 countries 

ABC patients genotyped for MYD88 and CXCR4



Responses in Innovate AB Study: Update

aFollowing modified 6th IWWM Response Criteria (NCCN 2014); required two consecutive assessments. 

Median time to ≥PR, 
months (range)

2 
(1–28)

6 
(2–26)

2 
(1–28)

5 
(2–17)

3 
(1–19)

11 
(4–18)

6 
(1–17)

6 
(5–26)

Median time to ≥MR, 
months (range)

1 
(1–18)

3 
(1–24)

1 
(1–18)

3 
(1–24)

1 
(1–11)

3 
(1–8)

2 
(1-17)

3 
(2–17)

Buske et al., ASH 2018; abstract 149 (oral presentation)
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Progression-Free Survival Benefit: 

Impact of MYD88/CXCR4 Genotype 

• Improved PFS with 
ibrutinib

• 36-month PFS rates

▪MYD88L265P/CXCR4WT: 
84% vs 29%

▪MYD88L265P/CXCR4WHIM: 
64% vs 26%

▪MYD88WT/CXCR4WT: 
82% vs 44%

MYD88L265P/CXCR4WT

P
ro

gr
es

si
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n
-F

re
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Su
rv

iv
al

 (
%

)

Months

MYD88WT/CXCR4WT

MYD88L265P/CXCR4WHIM

MYD88L265P/CXCR4WHIM

MYD88WT/CXCR4WT

MYD88L265P/CXCR4WT

Ibrutinib-RTX

RTX

Buske et al., ASH 2018; abstract 149 (oral presentation)



Ibrutinib (560 mg/day) induced response in a 
WM patient with Bing Neel Syndrome

Mason et al, BJH 2016



Acalabrutinib in Treatment Naïve and 

Previously Treated WM

Afib: 5%

No atrial fibrillation event 

led to acalabrutinib

withholding or 

discontinuation. 

Median follow-up: 27.4 months



Data Cut-off: August 31, 2019

Median Follow-up: 19.4 months

Tam et al, ASCO 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 2020
Tam et al, ASCO 2020



Strategies to Enhance 

BTK Inhibitors



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: NCT03225716



Mavorixafor in combination with ibrutinib 

in CXCR4 mutated WM
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▪ Non-competitive, allosteric, 

small molecule antagonist of

CXCR4

▪ Orally Bioavailable; 

mean t1/2 of ~23 hours

▪ High volume of distribution

Mavorixafor



Venetoclax (ABT-199) augments 

ibrutinib induced apoptosis

Cao et al, BJH 2015 

B
C
W
M
.1
	

M
W
C
L-
1
	

Cleaved		
PARP	

Cleaved		
Caspase3	

Cleaved		
PARP	

Cleaved		
Caspase3	

GAPDH	

  D
M

S
O

 
 IB

 
 A

B
T

 
 A

B
T

/I
B

 
 A

B
T

/I
B

/C
X

C
L
1

2
 

 A
B

T
/I
B

/C
X

C
L
1

2
/A

M
D

 
 D

M
S

O
 

 IB
 

 A
B

T
 

 A
B

T
/I
B

 
 A

B
T

/I
B

/C
X

C
L
1

2
 

 A
B

T
/I
B

/C
X

C
L
1

2
/A

M
D

 

GAPDH	

CXCR4WT CXCR4S338X 

Higher BCL2 levels in 

MYD88 mutated WM 



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)

Personal communication



Resistance Mechanisms to Ibrutinib



Resistance to Ibrutinib is commonly mediated by 
acquired mutations at BTK Cys481 in WM

Resistance to Ibrutinib

BTK Cys481 is also the covalent binding site for zanubrutinib, acalabrutinib and tirabrutinib.
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BTKWT clones from ibrutinib triggered cytotoxicity 

Chen et al, Blood 2018
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Non-covalent BTK inhibitors in WM 

• Vecabrutinib

Targets BTK (T474). HCK (276 nM). Phase I included 3 WM    

patients (1 BTKCys481; 1 PLCg2 mutation; Allan et al, ASH 2019)

• ARQ-531
Targets BTK (E475/Y476) and HCK (18 nM). Phase I study  completed. 

(Reiff et al, Cancer Discovery 2018; Woyach et al, ASH 2019).

• LOXO-305
Targets BTK (G473-K483) Ongoing Phase I study included 2 WM patients. 

(Brandhuber et al, SOHO 2018; Mato et al, ASH 2019)

Pre-clinical and Clinical Studies in WM initiated at DFCI.



Targeting BTK Cys481 Mutation signaling in MYD88 mutated 

lymphomas by inhibition of upstream HCK activation of BTK

Yang et al, Blood 2013

Yang et al, Blood 2016

Munshi et al, ASH 2018

Degradation

TLRs
IL-6

IL-6

IL-6

IL-6R

gp-130

growth 
survival

IL-6

mTOR

ERK1/2

HCK

NFκB

BCR

CD79

SYKLYN

STAT3

MYD88

BTKIRAK1/4

AKT
AKT



Development of a dual HCK/BTK inhibitor: KIN-8194
Ibrutinib sensitive model

Yang et al, ASH 2019



KIN-8194 can overcome mutated BTKCys481 
resistance to ibrutinib

Yang et al, ASH 2019



New Driver Mutations Identified  
in WM  Patients without MYD88 mutation

Principal component 

analysis of top 500 high 

variance genes.

Hunter et al, Blood. Adv 2018



Genomic Landscape of MYD88 Wild-Type WM

Hunter et al,  Blood Adv. 2018

IkBα

p50 p65

TLRs/IL-1R

p50 p65

BTK

Canonical NFKB    Non-Canonical NFKB

CD79A/BMYD88

CARD11

BCL10

MALT1

CBM

Complex

PTPN13

NFKBIZ

NFKBIB

IKKα IKKβ

p52 RELB

p100 RELB

BCR
CD40BAFF-R

NIK

Ibrutinib

IKKγ IKKα IKKα

TBLXR1

Proteasome



Sequence and Track 300 Symptomatic Untreated WM Patients

-Determine mutations in the DNA by Whole Exome Seq.

-Determine transcriptional (RNA) changes, incl. aberrant splicing

-Map epigenome and its regulatory changes

-Understand impact on disease presentation, course, survival

-Develop targeted therapies based on mutation profile for  

individual patients



MYD88 

CXCR4 

Genotypi

ng

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



MYD88 

CXCR4 

Genotyping

MYD88Mut

CXCR4Mut

MYD88Mut

CXCR4WT

MYD88WT

CXCR4WT

Plasmapheres

is 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


