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Waldenström’s Macroglobulinemia – first 

described by Jan Gosta Waldenström in 1944. 



Second International Workshop on WM  

Athens, Greece 2002 



 2nd Intl Patient and Physician Summit on WM, Los Angeles 2003 



Dedication of Bing Center for WM at DFCI  2005 



Discovery of the MYD88 Mutation 
in WM -2012- 



WHOLE GENOME SEQUENCING IN WM 

NORM       ≈≈≈≈≈≈≈≈≈≈≠≈≈ 

Paired Sequencing 

from same individuals 

WM     ≈≈≈≈≈≈≈≈ 

    3,000,000,000  

   nucleotides 

Congratulations  
it only took you  

70 years!!  



MYD88 L265P Somatic Mutation in WM  

• MYD88L265P confirmed by 

AS-PCR in 93-97% WM pts;  

• 50-80% IGM MGUS pts; 

• Usually heterozygous 

C to G at position 38186241 

at 3p22.2 Acquired UPD at 3p22. 

     Treon et al, NEJM 367:826, 2012 



MYD88 L265P in WM/IGM MGUS  

METHOD TISSUE WM IGM MGUS 

Treon  WGS/Sanger BM CD19+ 91% 10% 

Xu AS-PCR BM CD19+ 93% 54% 

Gachard PCR BM 70% 

Varettoni AS-PCR BM CD19+ 100% 47% 

Landgren Sanger BM 54% 

Jiminez AS-PCR BM 86% 87% 

Poulain PCR BM CD19+ 80% 

Argentou PCR-RFLP BM 92% 1/1 MGUS 

Willenbacher Sanger BM 86% 

Mori AS-PCR/BSiE1 BM 80% 

Ondrejka AS-PCR BM  100% 

Ansell WES/AS-PCR BM CD19+ 97% 

Patkar AS-PCR BM 85% 

9 
>50 CONFIRMATIONAL STUDIES PUBLISHED 





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%         



MYD88 

ABC DLBCL  WM 

93-95% MYD88 L265P 

2% Non-L265P MYD88 

MYD88 Mutations in B-cell LPD 

Treon et al, NEJM 2012; Treon et al, NEJM 2015; Jiménez et al, 2013; Varettoni et 

al 2013; Poulain et al, 2013, Xu et al, 2013. 

29% MYD88 L265P 

10% Non-L265P MYD88 
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Ngo et al, Nature 2011 

Treon et al, NEJM 2012 

MYD88 mutations transactivate NFKB 

MYD88 L265P mutated WM cells 



Pro-Survival Signaling Driven by Mutated MYD88  

in Waldenström's Macroglobulinemia   

Yang et al, Blood 2013 

Yang et al, Blood 2016 

Degradation 
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Loss of “Brakes” permits 

MYD88 to signal unimpeded 
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HIVEP2

BCLAF1HLA-DQA/B ARID1B

FOXO3

TNFAIP3PRDM1

IBTK

BACH2

CD83 EEF1A1

PLEKHG1

CCR6MAN1A1

COL19A1

Chr. 6q clonal loss is common in WM and impacts  

BTK, BCL2, and NFKB regulatory genes 

Guerrera et al,  

Haematologica 

2018 

IBTK FOXO3 BCLAF1 TNFAIP3 HIVEP2
WM1 0.5 0.52 0.4 1 0.46 0.5 5

WM2 0.56 0.49 0.4 2 0.55 0.4 9

WM3 0.49 0.94 0.4 4 0.51 0.5 5

WM4 0.51 0.53 0.4 8 0.56 0.5

WM5 0.56 0.49 0.5 3 0.47 0.4 3

WM6 0.43 0.54 0.5 4 0.58 0.4 9

WM7 0.58 0.55 0.5 8 0.62 0.5 6

WM8 0.53 0.57 0.6 4 0.66 0.6

WM9 0.69 0.89 0.6 4 0.9 0.8 1

WM10 0.83 0.77 0.7 0.64 0.8 3

WM11 0.82 0.74 0.7 7 0.8 0.8 1

WM12 0.92 0.93 0.7 8 0.97 0.9 8

WM13 0.9 0.93 0.8 1 0.97 0.9

WM14 0.9 1 0.8 4 0.75 0.8 1

WM15 0.83 0.89 0.8 4 0.86 0.8 5

WM16 1.08 0.99 0.8 5 1.06 1.0 1

WM17 0.97 0.82 0.8 7 0.84 0.9 1

WM18 1.01 0.85 0.8 9 0.87 1.0 1

WM19 0.85 0.89 0.8 9 0.9 0.9 1

WM20 1 0.97 0.9 0.9 0.9 9

WM21 0.97 1.1 0.9 0.96 0.9 7

WM22 0.93 0.98 0.9 3 0.89 1.0 6

WM23 1.02 1.04 0.9 4 0.87 1.0 8

WM24 0.93 1.05 0.9 7 1.05 1.0 5

WM25 0.93 0.95 1.0 7 1.15 0.9 7

IBTK									FOXO3								BCLAF1							TNFAIP3					HIVEP2	

Hunter, 

et al.  

Blood 

2014 



Discovery of CXCR4 mutations in WM    -2013- 



B

CXCR4 C-tail mutations in WM 
 

Hunter et al, Blood 2013;  

Rocarro et al, Blood 2014:  

Poulain et al, Blood 2016; 

Cao et al, Leukemia 2014;  

Cao et al, BJH 2015 

• 30-40% of WM patients; rare in other LPD 

• Accompany MYD88 mutations 

• Exclusive of del 6q 

• Usually subclonal (median 45%) 

• High serum IgM levels/hyperviscosity 

• Promote ibrutinib resistance  through 

enhanced AKT/ERK signaling. 



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% 



MYD88L265P CXCR4WT MYD88L265P CXCR4WHIM WT HD B-Cells 

MYD88 and CXCR4 Transcriptomic Profiling 

Supervised Clustering of 

3,103 genes found to be 

significantly differentially 

expressed between 

MYD88L265PCXCR4WT (N=29) 

and MYD88L265PCXCR4WHIM 

(N=23) WM patients 

Hunter et al, BLOOD 2016 



Drug resistance 

Bone Marrow Stroma 

Mutations in CXCR4 permit ongoing pro-survival 

signaling by SDF-1a, the ligand for CXCR4 that is 

manufactured in the bone marrow stroma. 

CXCR4 

WM Cell 

CXCR4 stays 

up with mutation SDF-1a 



MYD88 L265P 

CXCR4 

Wild-Type 

CXCR4 

Mutated 

MYD88 WT 

WM  

Roadmap 



Differential Diagnosis of MYD88 WT WM 

N=64 Treon et al, BJH 2017 

t(11;14) 



High risk of transformation and poorer survival 
accompany MYD88WT WM 

Transformation risk for MYD88 WT 

(Odds ratio 23·3; 95% CI 4·2-233·8; p<0·001).  

Treon et al, BJH 2017 



New Driver Mutations Identified   
in MYD88 WT WM 

Principal component 

analysis of top 500 high 

variance genes. 

Hunter et al, ASH 2017 



PTPN13 

Adapted from Schmitz et al, NEJM 2018 

Mutations in  

MYD88 WT 

WM are 

downstream  

of BTK 



• Sequence 300 Untreated Symptomatic Patients 

• Understand impact of other mutations on 

disease course, transformation, survival  

• Develop individualized targeted treatments  
 

 

300 PROJECT 

What about other 
mutations in WM? 

Genome Transcriptome Epigenome Proteome Kinome 



Bench to Bedside 



R 

                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 

R. Advani   L. Palomba 



Baseline Characteristics for Study Participants 

(n=63) 

Median Range 

Age (yrs) 63 44-86 

Prior therapies 2 1-9 

Hemoglobin (mg/dL) 10.5 8.2-13.8 

Serum IgM (mg/dL) 3,520 724-8,390 

B2M (mg/dL) 3.9 1.3-14.2 

BM Involvement (%) 60 3-95 

Adenopathy >1.5 cm 37 (59%) N/A 

Splenomegaly >15 cm 7 (11%) N/A 

Treon et al, NEJM 2015; 372:1430 
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Best	IgM	Response:	3,520	to	880	mg/dL;	p<0.001	

N=63 

Rapid Changes in Serum IgM and 

Hemoglobin Levels Following Ibrutinib  

Best	Hemoglobin	Response:	10.5	to	13.8;	p<0.001		
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           Best Hemoglobin Response: 
 10.5 to 13.8; p<0.001  

Best IgM Response:  
3,520 to 880 mg/dL; p<0.001 

Treon et al, N Engl J Med. 2015; 372(15):1430-40. 



ALL MYD88Mut

CXCR4WT 

MYD88Mut

CXCR4Mut 

MYD88WT

CXCR4WT 

P-value 

N= 63 36 21 5 

ORR 90.4% 100% 85.7% 60% 0.005 

Major (>PR) 77.7% 97.2% 66.6% 0% <0.001 

VGPR 27.0% 44.4% 9.5% 0% 0.007 

Time to Minor 

Response (mos.) 

1.0 1.0 1.0 1.0 0.10 

Time to Major 

response (mos.) 

2.0 2.0 6.0 N/A 0.05 

Responses to ibrutinib are impacted by  

MYD88 (L265P and non-L265P) and CXCR4 mutations. 

Treon et al, NEJM 2015; Treon et al, ASH 2017 



O 

Ibrutinib in Previously Treated WM: PFS 

Treon et al, NEJM 2015; EHA 2018  

Median PFS > 5 years 

All patients               MYD88 and CXCR4 Status 

MYD88 Mut CXCR4 WT 

MYD88 Mut CXCR4 Mut 

MYD88 WT 



★ 

0 5 10 15 20 

Mucositis 

Hypertension 

Pre/Syncope 

Dehydration 

Epistaxis 

Post-procedure bleed 

Diarrhea 

Skin Infection 

Lung Infection 

Arrythmia 

Thrombocytopenia 

Anemia 

Neutropenia 

Grade 2 

Grade 3 

Grade 4 

Ibrutinib Related  Adverse Events in  

previously treated WM patients 
Toxicities >1 patient; N=63 

Number of Subjects with Toxicity 

• No impact on IGA and IGG immunoglobulins 

# of patients with toxicity 

★ 

★ 10% incidence with larger WM Experience; earlier presentation for those 

patients with  prior Afib history. 

 Treon et al, NEJM 2015; Gustine et al, AJH 2016 



 

Supported FDA Approval of Ibrutinib for WM -2015- 



FDA News Release 

FDA expands approved use of Imbruvica for 

rare form of non-Hodgkin lymphoma 

First drug approved to treat Waldenstrom’s 

January 29, 2015 

 

 

EMA Approval for  

symptomatic  

previously treated and  

chemoimmunotherapy  

unsuitable frontline WM 

First ever for Waldenstrom’s 

May 22, 2015 July 8, 2015 

April 5, 2016 

September, 2015 

>80 countries 



(N=) (%) 

VGPR 4 13 

PR 18 58 

MR 6 19 

ORR: 90%  Major RR (> PR): 71% 

Median time to > MR: 4 weeks 

Median time to best response: 8 weeks 

Ibrutinib in Rituximab-Refractory WM Patients:  

  Multicenter, Open-Label Phase 3 Substudy (iNNOVATE™)  
 

Median Prior Therapies: 4 (range 1-7) 

Median follow-up: 18.1 (range 6.3-21.1 months)  

 

Dimopoulos et al, IWWM9 2016; Lancet Oncol 2017. 

18 mo PFS: 86% 

18 mo OS: 97% 

 



Dimopoulos et al, IWWM9; Lancet Oncology, 2017 

Impact of CXCR4 Mutation Status on IgM and HgB Response 



Primary Therapy of WM with Ibrutinib 

Treon et al, ASH 2017; EHA 2018 

 

 
All 

Patients  
MYD88MUT 
CXCR4WT  

MYD88MUT 
CXCR4MUT  

P-value 

N= 30 16 14 N/A 

Overall Response Rate-no.  (%) 30 (100%) 16 (100%) 14 (100%) 1.00 

Major Response Rate-no. (%) 25 (83%) 15 (94%) 10 (71%) 0.16 

Categorical responses 

Minor responses-no. (%) 5 (17%) 1 (6%) 4 (29%) 0.16 

Partial responses-no. (%) 19 (63%) 10 (63%) 9 (64%) 1.00 

Very good partial responses-no. (%) 6 (20%) 5 (31%) 1 (7%) 0.18 

Median time to response (months) 

Minor response (≥Minor response) 1.0 0.9 1.7 0.07 

Major response (≥Partial response) 1.9 1.8 7.3 0.01 

 

	Median on treatment duration of 13.4 (range 1.8-21.1 months) 

 

18 mo: PFS 92%; OS 100%.  PD patients were CXCR4 mutated. 



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

Mason et al, BJH 2016 



Other BTK Inhibitors 

• Acalabrutinib (Phase II Study Completed, 
Awaiting Results) 

• BGB-3111 (Phase II Study Completed, Phase III 
randomized study for newly diagnosed and 
previously treated patients is ongoing) 

• SNS-062 (Non-covalent inhibitor that binds to 
a different site from other BTK inhibitors; use 
in resistant disease due to BTK mutations) 



Strategies to Enhance  
BTK Inhibitors in WM 



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 



What is still unknown after iNNOVATE? 

I think we all agree…we need another study 



Screening 

Informed Consent and Registration 

Ibrutinib 

420 mg po daily 

+ Ulucuplomab 

weekly x 4 

then biweekly  

X 20 weeks 

 

 

Progressive Disease or 

Unacceptable Toxicity SD or Response 

Continue 

Stop Ibrutinib/Ulucuplomab 

Event Monitoring 

Event Monitoring 

Phase II Study of Ibrutinib plus Ulucuplomab  

in CXCR4WHIM WM Patients 

S. Treon PI 



Role of Nonsense vs. Frameshift CXCR4 

mutations in Ibrutinib Response 

Castillo et al, EHA 2018 

All patients 

Previously Treated  

Untreated 



BCL-2 is overexpressed in primary WM patient cells by 

transciptome analysis in MYD88 mutated patients  

regardless of CXCR4 mutation status. 

BCWM1 BCWM2 WMCL1 PB B-Cell Memory B-Cell WM L265P+ WM L265P+WHIM+ WM WT

BCL2 by Healthy Donor B-Cells, WM Cell Lines, and Primary Patient Samples
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Hunter et al, BLOOD 2016 





Ibrutinib BCL2 



51 

BCL2 

Ibrutinib 
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Activity of the anti-BCL2 agent Venetoclax  
(ABT-199) in previously treated NHL Patients 

Davids et al, JCO 2017 



Screening 

Informed Consent and Registration 

ABT-199 

200 800 mg 

a Day 
Progressive Disease or 

Unacceptable Toxicity SD or Response 

Continue   

Stop ABT-199 

Event Monitoring 

Event Monitoring 

Phase I/II Study of Venetoclax (ABT-199)  in  
Previously Treated  WM  

EHA 2018 
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Median Prior therapies: 2 (1-10) 

Median f/u: 8 months 

 

 



Ibrutinib and Venetoclax in 
Treatment Naïve WM 

Ibrutinib + 
Venetoclax 

Off 
Treatment 

Ibrutinib 

Ibrutinib + 
Venetoclax 

Ibrutinib Ibrutinib 

Complete 

Response 
Relapse 

Less than 

Complete 

Response 
Relapse or Progression 



Bedside to Bench 



Why are there no Complete 
Responses to Ibrutinib? 

 
Primary Resistance to Ibrutinib: 

Role of IRAKs 



Signaling Pathways Driven by Mutated MYD88 in 

Waldenström's Macroglobulinemia   
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IRAK1/4 kinase survival signaling remains intact in 
WM cells from ibrutinib treated patients. 
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Survival studies following constitutive knockdown of 

IRAK1 and IRAK4 in MYD88 mutated BCWM.1 WM cells. 

Yang et al, ASH 2017 
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IRAK1 inhibitor JH-X-119 with Ibrutinib Shows  

Synergistic Killing in MYD88 Mutated Cells 
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A scaffold selective for IRAK1 over IRAK4 

THZ2-118 

IRAK1 IC50 = 14.2 nM 
 

IRAK4 IC50 > 10,000 nM 

LC-MS/MS analysis confirmed THZ2-118 covalently labels C302 or IRAK1  
 

THZ2-118 does not inhibit signaling of IRAK1C302L 

 

THZ2-118 docked to an IRAK1 homology model 



Novel Approaches  
Secondary Resistance to Ibrutinib: 

Role of BTK 



 
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 

P1 None None None None None None 

P2 32.4% 6.6% 5.8% 1.0% None None 

P3 0.3% 34.4% 6.5% 0.3% None 0.2% 

P4 None None None None None None 

P5 None None None None None None 

P6 None None 10.3% None 11.9% None 

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

All patients are MYD88 Mutated. 

 

P2, P3, P6 are CXCR4 WHIM Mutated. Xu et al, BLOOD 2017 



Serial samples from WM Patient P3 with multiple               BTK 
Cys481 mutations 

0

10
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%

Ibrutinib treatment

Patient P3: Fraction of MYD88-L265P 
positive cells with BTK Cys481 mutations

Cys481ArgT>C

Cys481SerT>A

Cys481SerG>C

Sampling date Cys481ArgT>C Cys481SerT>A Cys481SerG>C 

Baseline    0.00 0.00 0.00 

Month 11 0.00 0.00 0.00 

Month 22 0.00 0.71% 0.19% 

Month 35 2.54% 26.08% 3.62% 

Xu et al, BLOOD 2017 



BTK C481S expressing cells displayed persistent activation 

of BTK and ERK1/2 following Ibrutinib treatment. 

  

  

ASH 2016 



BTK mutated cells release inflammatory cytokines in the presence of 

ibrutinib that can be blocked by the ERK-inhibitor ulixertinib 

Chen et al, BLOOD 2018 
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+anti-IL6 anti-IL10 Abs 

BTKCys481Ser mutated clones release cytokines that protect 

BTKWT clones from ibrutinib triggered cytotoxicity  

Chen et al, Blood 2018 

     +ibrutinib                   +ibrutinib                    +ibrutinib 
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Ulixertinib blocks ERK-downstream signaling and overcomes 

mutated BTK Cys 481 resistance to ibrutinib.  

Chen et al, BLOOD 2018 



Ibrutinib 

+ ERK-inhibitor 

Novel approach to treating BTK Cys 481 mutated WM 

Monitor for BTK Cys481 mutation, when positive add ERK-inhibitor 



Pro-Survival Signaling Driven by Mutated MYD88  

in Waldenström's Macroglobulinemia   

Yang et al, Blood 2013 

Yang et al, Blood 2016 
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A. B. 

Development of a highly potent HCK inhibitor: SB1-G-33 
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Apoptotic activity for SB1-G-33 in primary  

symptomatic WM patient and healthy donor cells 

# 

# 

# p<0.01 by MVA 

WM cells incubated in whole BM microenvironment 

DMSO          Ibrutinib 0.1      Ibrutinib 0.5     A419259 0.1     A419259 0.5    SB1-G-33 0.1   SB1-G-33 0.5 (uM) 



The HCK inhibitor SB1-G-33 blocks BTK and  

overcomes BTKC481S mutated ibrutinib resistance. 

SB1-G-33 
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 MYD88 and CXCR4 mutations are common in WM. MYD88 
activates BTK and HCK in WM cells, both targets of ibrutinib. 

 Ibrutinib produces high response rates and durable responses 
in R/R WM. No Complete Responses. 

 Mutated CXCR4, aberrant IRAK and BCL2 signaling contribute 
to ibrutinib resistance.  

 BTK mutations are common with acquired ibrutinib 
resistance, and trigger ERK1/2 survival signaling. 

 Novel strategies to overcome intrinsic and acquired resistance 
include targeting CXCR4, ERK, IRAK and BCL2 signaling. 

 

 

Summary 
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WM Clinical Trials 

• Venetoclax 

• Ibrutinib/Ulucuplomab 

• Daratumumab (CD38) 

• Ibrutinib vs. BGB-3111 

 

WM Workshop/Patient Symposium 
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617-632-6285 



October 13-14, 2018 
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New York, NY 
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