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Pre-MYD88 

WM 
Treatment 
Approach

“Hand me 
down 

medicines”
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Athens, Greece 2002



Second Intl Patient and Physician Summit on WM, Los Angeles 2003



Dedication of Bing Center for WM at DFCI  2005



WHOLE GENOME 
SEQUENCING:
DISCOVERY OF 

MYD88 MUTATION 
IN WM-2011

NORM       ≈≈≈≈≈≈≈≈≈≈≠≈≈
WM     ≈≈≈≈≈≈≈

3,000,000,000 
nucleotides

Congrats! 
It only took 

you 
70 years!



Discovery of the MYD88 Mutation in WM
Best of ASH 2011; NEJM 2012

90% of WM patients had MYD88 mutation

Peter Bing MD



MYD88 L265P Somatic Mutation in WM 

• MYD88L265P confirmed by
AS-PCR in 95-97% WM pts.

• 50-80% IGM MGUS pts.

C to G at position 38186241 at 3p22.2
Acquired UPD at 3p22.

Treon et al, NEJM 367:826, 2012

Zach Hunter



MYD88 L265P in WM/IGM MGUS 
IGM MGUSWMTISSUEMETHOD
10%91%BM CD19+WGS/SangerTreon 

54%93%BM CD19+AS-PCRXu

70%BMPCRGachard

47%100%BM CD19+AS-PCRVarettoni

54%BMSangerLandgren

87%86%BMAS-PCRJiminez

80%BM CD19+PCRPoulain

1/1 MGUS92%BMPCR-RFLPArgentou

86%BMSangerWillenbacher

80%BMAS-PCR/BSiE1Mori

100%BMAS-PCROndrejka

97%BM CD19+WES/AS-PCRAnsell

85%BMAS-PCRPatkar

11>50 CONFIRMATIONAL STUDIES PUBLISHED



MYD88

ABC DLBCLWM

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





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%        

Lian Xu MS
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Ngo et al, Nature 2011
Treon et al, NEJM 2012

MYD88 mutations transactivate NFKB

MYD88 L265P mutated WM cells



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.

Guang Yang Ph.D.



New directions in WM



FDA MEETING JUNE 2014

First Breakthrough Pathway for any Oncology Indication
First Drug Approval for Waldenstrom’s Macroglobulinemia



BTK-Inhibitor Trials in WM
PFS>VGPRORR/Major RRTime to Major 

Resp.
N=Agent (s)CohortStudy

54% @ 60 mo.30%91% / 79%2 mo.63IbrutinibR/RPivotal Study

40% @ 60 mo.29%87% / 77%2 mo.31IbrutinibR/RINNOVATE
Arm C

76% @ 48 mo.30%100% / 87%1.9 mo.30IbrutinibTNPhase 2

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

TN, R/RINNOVATE
Arms A, B

76% @ 36 mo.45%96% / 82%2.8 mo.77ZanubrutinibTN, R/RPhase 2

85% @ 42 mo.25%94% / 80%2.9 mo.99IbrutinibTN, R/RASPEN-1
(MYD88Mut) 88% @ 42 mo.36%95% / 81%2.8 mo.102ZanubrutinibTN, R/R

84% @ 42 mo.27%78% / 63%3 mo.28ZanubrutinibTN, R/RASPEN-2
(MYD88WT)

84% TN / 52% R/R
(@ 66 mo.)

39%94% / 81%N/A106AcalabrutinibTN, R/RPhase 2

93% @ 24 mo.33%96% / 93%1.9 TN 2.1 R/R27TirabrutinibTN, R/RPhase 2

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

24%
(prior cBTKi)

29%
(cBTKi naïve)

81% / 67%
(prior cBTKi)

88% / 88%
(cBTKi naïve)

N/A80PirtobrutinibR/RPhase 2

Median ORR: 93%; Major RR: 81%; >VGPR: 30%; 
PFS 76% @ 4 yrs

Very Few or no complete responses!



Hyperviscosity
Syndrome
Drug resistance

Bone Marrow Stroma

Mutated CXCR4 permits ongoing 
pro-survival signaling by CXCL12

CXCR4

WM Cell

CXCL12

Hunter et al, Blood 2013; Treon et al, Blood 2014; Roccarro et al, Blood 2014; Cao et al, Leukemia 2014. 

• 30-40% of WM patients 
have mutated CXCR4.

• >40 different CXCR4 
mutations, most 
common is S338X.

S338X



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

PFS
(CXCRMut vs. WT)

>VGPR
(CXCRMut vs. WT)

Major 
Response Rate
(CXCRMut vs. WT)

Time to Major 
Response
(CXCRMut vs. WT)

Agent (s)Patient
Population

Study

38% vs. 70% 
(@ 60 mo.)

9% vs. 47%68% vs. 97%4.7 vs.1.8 mo.IbrutinibR/RPivotal
Study

18 mo. vs. NR
(@ 60 mo.)

14% vs. 41%71% vs. 88%3.6 vs. 1.0 mo.IbrutinibR/RINNOVATE
Arm C

59% vs. 92% 
(@ 48 mo.)

14% vs. 44%78% vs. 94%7.3 vs. 1.8 mo.IbrutinibTNPhase 2

63% vs. 72%
(@ 54 mo.)

23% vs. 41%77% vs. 81%3 vs. 2 mos.Ibrutinib
Rituximab

TN, R/RINNOVATE
Arms A, B

̴78% vs. 9̴0%
(@ 42 mo.)

27% vs. 59%91% vs. 87%N/AZanubrutinibR/RPhase 2

49% vs. 75%
(@ 42 mo.)

10% vs. 24%65% vs. 82%6.6 vs. 2.8 mos.IbrutinibTN, R/RASPEN
Cohort 1

73% vs. 81%
(@ 42 mo.)

18% vs. 34%70% vs. 82%3.4 vs. 2.8 mos.ZanubrutinibTN, R/R

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

Abs

CXCR4Mut vs CXCR4WT

Median Time to Major Response: (4.2 vs. 1.9 mos)
Median Major RR: 71% vs. 87%

Median >VGPR: 14% vs. 41%
PFS: 59% vs. 75% @4 years



Phase 3 ASPEN Study
Zanubrutinib vs. Ibrutinib in WM

22

Cohort 1

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 2

MYD88WT WM 
patients

N=28 (23 R/R)

Arm C: Zanubrutinib
N=28

160 mg BID until PD

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

NCT03053440



ASPEN: Best Overall Response 
and PFS by Investigator Assessment

MYD88MUT
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28.9 months

Zanubrutinib
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 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, JCO 2023



Tam et al, Blood Adv. 2024; Dimopoulos et al JCO 2023

Response by CXCR4 Mutation Status for Cohort 1 WM Patients on Zanubrutinib



ASPEN STUDY Adverse Events of Interest (Cohort 1)

Grade ≥3Any grade
Zanubrutinib

(n=101)
Ibrutinib
(n=98)

Zanubrutinib
(n=101)

Ibrutinib
(n=98)

AEs,a n (%)

22 (21.8)27 (27.6)80 (79.2)78 (79.6)Infection
9 (8.9)10 (10.2)56 (55.4)61 (62.2)Bleeding
3 (3.0)2 (2.0)23 (22.8)34 (34.7)Diarrhea

10 (9.9)20 (20.4)*15 (14.9)25 (25.5)Hypertension*

2 (2.0)8 (8.2)*8 (7.9)23 (23.5)*
Atrial fibrillation/
flutter*

12 (11.9)6 (6.1)18 (17.8)22 (22.4)Anemia
24 (23.8)*10 (10.2)35 (34.7)*20 (20.4)Neutropenia*b

11 (10.9)6 (6.1)17 (16.8)17 (17.3)Thrombocytopenia

6 (5.9)/
4 (4.0)

3 (3.1)/
3 (3.1)

17 (16.8)/
6 (5.9)

17 (17.3)/
6 (6.1)

Second primary 
malignancy/ 
nonskin cancers

Dimopoulos et al, JCO 2023



Intrinsic Resistance to BTK-Inhibitors



Targeting 
Intrinsic 

Resistance: 
IRAK 

Inhibitors



IRAK1/4 kinase survival signaling remains intact in WM cells 
from ibrutinib treated patients.
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Yang G, Liu X, Chen J, et al. Targeting IRAK1/IRAK4 signaling in Waldenstrom’s Macroglobulinemia. Blood 2015; 126(23):4004.



Cell survival depends on IRAK1>IRAK4 in MYD88 Mutated WM Cells

Yang et al, ASH 2015



Medicinal Chemistry Team for Novel WM Drug Development

Nathanael Gray 
Ph.D.

Sara Buhrlage
Ph.D.

John Hatcher 
Ph.D.

Jinhua Wang
Ph.D.



31

Development of IRAK1 Inhibitor JH-X-119-01

Hatcher et al, ASC Med. Chem. Let. 2020



BCWM.1 TMD-8

0 1 10

Ibrutinib

JH
-X

-1
19

-0
1

μM 4.000 1.265 0.400 0.126 0.040

20.000 0.761 0.663 0.752 0.958 1.043

6.325 0.488 0.424 0.454 0.556 0.577

2.000 0.605 0.572 0.734 1.051 1.105

0.632 0.573 0.557 0.622 0.743 0.982

0.200 0.561 0.375 0.397 0.428 0.32

0 1 10

Ibrutinib

JH
-X

-1
19

-0
1

μM 0.040 0.013 0.004 0.001 0.000

20.000 0.193 0.035 0.025 0.066 0.502

6.325 0.126 0.022 0.014 0.08 0.379

2.000 0.375 0.115 0.082 0.343 0.879

0.632 0.914 0.321 0.179 0.485 0.941

0.200 1.112 0.387 0.232 0.649 0.696

Combining JH-X-119-01 with Ibrutinib Showed 
Synergistic Killing of MYD88 Mutated Cells

Hatcher et al, ASC Med. Chem. Let. 2020



JH-X-119-01 Pharmacokinetics

JH-X-119-01Mouse PK
Dose: 2mg/Kg IV and 10mg/Kg PO

Formulation: 0.4mg/mL solution in 5/95 DSMSO/30%Captisol

Subject T1/2 Tmax Cmax Cmax AUClast AUClast AUCINF_obs AUC Cl_obs MRTINF_obs Vss_obs
 hr  hr ng/mL µM min*ng/mL µM.hr  min*ng/mL %Extrap mL/min/kg hr L/kg

IV Mouse-1 1.68 0.08 4880 10.78 129905 4.78 130457 0.42 15.33 0.51 0.47
IV Mouse-2 1.41 0.08 4140 9.15 75923 2.80 76300 0.49 26.21 0.26 0.41
IV Mouse-3 1.74 0.08 4490 9.92 132660 4.89 133429 0.58 14.99 0.57 0.52
Avg. 1.61 0.08 4503 9.95 112829 4.16 113395 0.50 18.84 0.45 0.46

Subject T1/2 Tmax Cmax Cmax AUClast AUClast AUCINF_obs AUC%Extrap Cl_obs F%
 hr  hr ng/mL µM min*ng/mL µM.hr  min*ng/mL mL/min/kg

PO Mouse-4 2.91 0.08 46 0.10 4726 0.17 5405 12.56 1850.15
PO Mouse-5 2.06 0.25 28 0.06 6093 0.22 6611 7.83 1512.66
PO Mouse-6 1.75 0.50 39 0.09 4562 0.17 4773 4.43 2095.04
Avg. 2.24 0.28 38 0.08 5127 0.19 5596 8.28 1819.28 0.91<1%



JHX-119-01                   PS-IV-91                 JH-XIII-82-01

Development of Bioavailable Dual IRAK 1,4 Inhibitors

F=14%



PROTACs-PROteolysis TArgeting Chimeras

• Efficacy dependent on protein resynthesis instead of only on-off rate of inhibitor.

• Powerful strategy for traditionally undruggable targets.

• Quickly growing approach with 18 PROTACs undergoing clinical evaluation. 

• Hijack the cell’s garbage disposal system to promote destruction of disease-causing proteins.



IRAK 1
IRAK4



Dual IRAK1/4 degrader JH-XIII-05-1 in TMD8 cells

• JH-XIII-05-1 utilizes cereblon-targeting warhead.
• JH-XV-68 utilizes VHL-targeting warhead.
• JH-XIII-64 has no warhead (negative control).

IRAK1

IRAK4

GAPDH

DMSO

10.0µM

2.0µM
0.4µM

10.0µM

2.0µM
0.4µM JH-X

III-
64

JH-XV-68 JH-XIII-05-1

TMD8

Preliminary Data, DFCI.



Dual IRAK1/4 PROTAC JH-XIII-05-1 shows increased killing 
compared to parental dual IRAK1/4 inhibitor

• JH-XI-82-01 is the parental IRAK1/4 inhibitor from
which JH-XIII-05-1 was designed.

• JH-XIII-64 is the negative control of JH-XIII-05-1
that cannot cause degradation.

• JH-XIII-05-1 shows a drastic increase in cell killing
compared to the parental IRAK1/4 inhibitor as
well as the negative control.

JH-XIII-05-1JH-XI-82-01JH-VIII-64

6.96E-091.19E-061.67E-05

1.57E-052.19E-061.91E-05

9.55E-091.05E-061.23E-05

3.04E-086.01E-076.89E-06

2.30E-081.43E-068.41E-06

2.93E-092.91E-071.12E-05

9.27E-082.74E-075.64E-06

ED50

BCWM.1

MWCL-1

TMD8

HBL-1

OCI-Ly7

OCI-Ly19

Ramos
Preliminary Data, DFCI.



Acquired Resistance to BTK-Inhibitors



-Acquired ibrutinib resistance is commonly due to mutations at amino acid position 
481 on BTK which is the site for drug binding.

-BTK Cys481 is also where zanubrutinib, acalabrutinib and tirabrutinib bind. 

Acquired Resistance to Ibrutinib

Cysteine 481 Serine 481



BTK Cys481 Mutations are common in 
WM Patients who progress on Ibrutinib.

L265P 
positive 

cells with 
CARD11 
L878FC>T

L265P 
positive 

cells with 
PLCG2 

Y495HT>C

L265P 
positive 

cells with 
BTK 

C481YG>A

L265P 
positive 

cells with 
BTK 

C481SG>C 

L265P 
positive 

cells with 
BTK 

C481ST>A

L265P 
positive 

cells with 
BTK 

C481RT>C

Patient*

NoneNoneNoneNoneNoneNoneP1

NoneNone1.0%5.8%6.6%32.4%P2

0.2%None0.3%6.5%34.4%0.3%P3

NoneNoneNoneNoneNoneNoneP4

NoneNoneNoneNoneNoneNoneP5

None11.9%None10.3%NoneNoneP6

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

Lian Xu MS



Serial samples from WM Patient with multiple BTK Cys481 mutations

0
10
20
30

%

Ibrutinib treatment

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

Cys481ArgT>C

Cys481SerT>A

Cys481SerG>C

Cys481SerG>CCys481SerT>ACys481ArgT>CSampling date

0.000.000.00Baseline   

0.000.000.00Month 11

0.19%0.71%0.00Month 22

3.62%26.08%2.54%Month 35
Xu et al, Blood 2017



BTK Cys481 mutant expressing cells show 
ERK 1/2 activation in the presence of ibrutinib.

 

Chen et al, 
Blood 2018

Jiaji Chen

Xia Liu MD



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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BTKCys481Ser mutated clones release cytokines that protect 
BTKWT clones from ibrutinib triggered cytotoxicity 

Chen et al, Blood 2018
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Non-
Covalent 

BTK 
Inhibitors to 
Overcome 
Acquired 

Resistance 
to Ibrutinib



Targeting 
Acquired 

Resistance:
HCK 

Inhibitors



HCK is an important survival determinant in 
MYD88 mutated WM and ABC DLBCL cells.

Yang et al, Blood 2016.



HCK promotes pro-survival signaling in MYD88 mutated WM cells

Yang et al, Blood 2016.



Collaboration between Bing Center for WM and Harvard Medicinal Chemistry 
Labs to develop novel, potent HCK inhibitors. Supported by NIH, IWMF, LLS.

Development of HCK Inhibitors

Lead optimization
> 400 analogs synthesized and 

triaged according to assay 
flowchart

Chemical leads
identified in a screen of 220 clinical 
and preclinical kinase inhibitors for 

antiproliferative effect on WM cell lines

Target deconvolution
HCK, BTK, LYN KIN-8194



KIN-8194 is a highly potent, dual HCK/BTK Inhibitor

Kinase 
family

Kinase 
group

Enzymatic 
IC50 (nM)

Kinases

SRCTK<0.495HCK

SRCTK<0.495BLK

TECTK0.915BTK

SRCTK1.150LYN

SRCTK1.400FRK

ACKTK7.780
ACK 

(TNK2)

CSKTK16.100CSK

EPHTK52.600ErbB2

ABLTK98.600ABL

Beads
ATP-biotin

Compounds

IB: BTK

Input

IB: HCK

Input

BCWM.1

Ibrutinib KIN-8194
 ̶  ̶ 

+      +       +      +      +      +      +       +

+       +      +      +      +      +       + ̶ 

TMD8

Ibrutinib KIN-8194
 ̶  ̶ 

+      +       +      +      +      +      +       +

+       +      +      +      +      +       + ̶ 

KINOMEscan® against a panel of 468 
kinases. KIN-8194 at 1.0 uM showed 
good selectivity (S10=0.07) 



HCK and BTK 
are key targets 

of KIN-8194 
activity in 

MYD88 mutated 
WM cells.

Yang et al, Blood. 2021;138(20):1966-1979



KIN-8194 shows selective killing 
of MYD88 tumor cells

Yang et al, Blood. 2021;138(20):1966-1979



KIN-8194
(50mg/kg)

Ibrutinib
(50mg/kg)
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Median 

Survival 
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P =0.0045

Treatment stopped

Log-rank (Mantel-Cox) test, P<0.0001

KIN-8194 in BTK unmutated TMD8 xenografted mice

Yang et al, Blood 2021



KIN-8194 in BTK Cys481 mutated TMD8 xenografted mice

KIN-8194
75mg/kg

KIN-8194
50mg/kg

Ibrutinib
50mg/kg

Vehicle
Median 

Survival 

70.557.52529(days)

Day 29
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0

Log-rank (Mantel-Cox) test, P=0.0007

Yang et al, Blood 2021



Activity of KIN-8194 in Mantle Cell Lymphoma

Lantermans et al, Leukemia. 2024 Mar 7. doi: 10.1038/s41375-024-02207-9. 



HCK

GAPDH

BTK

        KIN-8194                DFCI-002-05               DFCI-002-06

Characterization of Novel bifunctional BTK/HCK PROTACS

Liu S, et al. Blood (2023) 142 (Supplt 1): 3298.

Kinome Studies 
performed at 1 uM

John Hatcher Ph.D.

BCWM.1
WM Cells



Development of Highly Potent and Bioavailable 
dual Bifunctional BTK/HCK PROTACS

BTK

HCK

V3
00
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Preliminary Data, DFCI

KIN-8194DMSO

14.1% 55.1%

DFCI-002-06DFCI-002-05

76.8% 65.1%

WB of Excised Xenograft Tumors following DFCI-002-6

Liu S, et al. Blood (2023) 142 (Supplt 1): 3298.



42%

552 nM

1232 nM

39% Liu S, et al. Blood (2023) 142 (Supplt 1): 3298.



Novel Treatment 
Approaches: Pacritinib

Liu et al, ASH 2023

Shayna Sarosiek, MDShirong Liu MD, PhD



Bing Center for WM



• Peter and Helen Bing Fund for WM
• The Orzag Family Fund for WM
• The Seigel Family Fund for WM
• The Coyote Fund for WM 
• Edward and Linda Nelson Fund  
• The Bauman Family Trust 
• The Tannenhauser Family Fund
• The Kerry Robertson Fund for WM
• The Cosgrove Family Fund for WM
• Barbara and David Levine Charities

Supporters and Funding Agencies



12th International Workshop on Waldenstrom’s Macroglobulinemia 
Prague, Czech Republic - October 17-19, 2024

www.waldenstromsworkshop.org


