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MYD88 mutations occur 
in 95-97% WM Patients
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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



Mutated CXCR4 Triggers AKT- and ERK- Mediated 
Resistance to Ibrutinib

4Cao Y, et al. Leukemia. 2015;29(1):169-176. 

Mutated CXCR4 turns on AKT and ERK
leading to Ibrutinib resistance
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Ibrutinib monotherapy in previously-treated WM: Pivotal Trial

Treon et al, NEJM 2015

N=63



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. N Engl J Med. 2015;372(15):1430-1440.; Updated in Treon, et al. J Clin Oncol. 2021;39(6):565-575.



MYD88 and CXCR4 Mutation StatusAll patients

5-year PFS: 54%
5-year OS:  87%
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Treon, et al. N Engl J Med. 2015;372(15):1430-1440.; Updated in Treon, et al. J Clin Oncol. 2021;39(6):565-575.

Ibrutinib Activity in Previously Treated WM:
Updated PFS of the Pivotal Trial (median f/u 59 mos)
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Ibrutinib Activity in Previously Treated WM:
Long Term Toxicity Findings (grade >2) of the Pivotal Trial 

Treon, et al. N Engl J Med. 2015;372(15):1430-1440.; Updated in Treon, et al. J Clin Oncol. 2021;39(6):565-575.

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



Update of Ibrutinib Monotherapy:
Treatment-Naïve WM Patients

Median f/u: 50 months

All patients were MYD88 mutated.
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Median time to Response

1. p=0.07; 2. p=0.01



Impact of Mutated CXCR4 in WM BTKi Trials

Study Regimen Time to Major 
Response

Major RR VGPR PFS

Treon et al1
R/R WM

Ibrutinib 4.7 vs.1.8 mos. 68% vs. 97% 9% vs. 47% 38% vs. 70% 
(5 yrs)

Trotman et al2
R/R WM

Ibrutinib N/A 71% vs. 88% 14% vs. 41% NR vs. 18 mo.
(5 yrs)

Castillo et al3
TN WM

Ibrutinib 7.3 vs. 1.8 mos. 78% vs. 94% 14% vs. 44% 59% vs. 90% 
(4 yrs)

Buske et al4
TN, R/R WM

Ibrutinib plus 
Rituximab

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

Trotman et al5
TN, R/R WM

Zanubrutinib N/A 91% vs. 87% 27% vs. 59% N/A

Tam et al6
TN, RR

Ibrutinib 2.8 mos. 65% vs. 82% 10% vs. 24% N/A

Zanubrutinib 4.6 mos. 70% vs. 82% 18% vs. 34% N/A

1. Treon et al, JCO 2021; 39(6):565-575 2. Trotman et al, CCR 2021; 3. Castillo et al, Leukemia 2022; 36(2):532-539 
4.    Buske et al JCO 2022; 40(1):52-62; 5. Trotman et al, Blood 2020; 136(18):2027-37. 6. Tam et al, Blood 2020; 136(18):2038-2050

All patients are MYD88 mutated.

Comparisons  for CXCR4Mut vs. CXCR4WT



Phase 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

ClinicalTrials.gov Identifier: NCT03225716

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



Median Time to 
Major Response

Median Time to 
PFS

1.2 (95% CI 0.9-2.8) months 2-year 90% estimated
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Treon S, et al. Blood. 2021; 138 (17): 1535–1539.

Phase I Trial of CXCR4 antagonist Ulocuplumab and Ibrutinib in 
CXCR4-mutated Patients with Symptomatic WM

Median

Age (yr) 61.5

sIgM (mg/dL) 5241

BM Involved 65%

Hb (g/dL) 9.1

Prior Rx 0 (0-2)

Sx HV 42%

Baseline

Major RR: 100%
VGPR: 33%

Median follow-up : 22.4 mos.



Zanubrutinib vs Ibrutinib in WM
Phase 3 ASPEN

13

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)





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, ASH 2022



IVEN: Response to therapy
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Castillo et al, ASH 2022



IVEN:  Survival analysis

Median follow-up: 11 months

Castillo et al, ASH 2022



Adverse events Grade 2 Grade 3 Grade 4 Grade 5 Total
Anemia 1 2 3

Atrial fibrillation 1 2 1 4
Diarrhea 8 1 9

Reflux 10 10
Mucositis 7 2 9

Nausea 5 5
Neutropenia 1 10 3 14

Hyperphosphatemia 8 8
Muscle/joint pain 14 2 16

Skin rash 6 6
Ventricular arrhythmia 1 1 2 4

Laboratory TLS 2 2

Safety
Adverse events 
observed in ≥3 
patients and of 
clinical importance

n=45

TLS: tumor lysis syndrome

Castillo et al, ASH 2022



So how do we position BTK-inhibitors 
relative to Bendamustine-R in 
treatment naïve patients?



Bendamustine Rituximab v. Ibrutinib as Primary Therapy for WM: 
An International Collaborative StudyJithma 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, Steve 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
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Cycles, median (range) 6 (1-6)
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%
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Major response rate, % 92 83 0.05

Complete response, % 20 2 <0.001
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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, Eur. Hematol. Assoc. June 2022
Updated IWWM-11, 2022.





TP53 Mutations in ASPEN Study

N= Total TP53Mut Treatment 
Naïve 
TP53Mut

Previously
Treated
TP53Mut

p= 
(TN vs prev. 
treated)

MYD88Mut 190 48/190 (25.2%) 6/190 (3.2%) 42/190 (22.1%) <0.00001

MYD88WT 20 4/20 (20%) 1/20 (5%) 3/20 (15%) NS

Tam C et al, 11th International Workshop on WM, Madrid Spain, 2022



Most previously treated patients received alkylators



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



So how do we manage BTK-inhibitor 
resistant disease?



Castillo et al, JCO 2021
ORR: 84%; Major RR: 81% 
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Grade >3 neutropenia: 45%



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.



Progression-Free Survival and Overall Survival in Prior cBTKi Patients

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

• The median follow-up for PFS and OS in patients who received 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 



Pirtobrutinib Safety Profile

All Doses and Patients (N=773)
Treatment-Emergent AEs, (≥15%), % Treatment-Related AEs, %

Adverse Event (AEs) Any Grade Grade ≥ 3 Any Grade Grade ≥ 3
Fatigue 28.7% 2.1% 9.3% 0.8%
Diarrhea 24.2% 0.9% 9.3% 0.4%
Neutropeniaa 24.2% 20.4% 14.7% 11.5%
Contusion 19.4% 0.0% 12.8% 0.0%
Cough 17.5% 0.1% 2.3% 0.0%
Covid-19 16.7% 2.7% 1.3% 0.0%
Nausea 16.2% 0.1% 4.7% 0.1%
Dyspnea 15.5% 1.0% 3.0% 0.1%
Anemia 15.4% 8.8% 5.2% 2.1%

AEs of Special Interestb Any Grade Grade ≥ 3 Any Grade Grade ≥ 3
Bruisingc 23.7% 0.0% 15.1% 0.0%
Rashd 12.7% 0.5% 6.0% 0.4%
Arthralgia 14.4% 0.6% 3.5% 0.0%
Hemorrhage/Hematomae 11.4% 1.8% 4.0% 0.6%
Hypertension 9.2% 2.3% 3.4% 0.6%
Atrial fibrillation/flutterf,g 2.8% 1.2% 0.8% 0.1%

Median time on treatment for the overall safety population was 9.6 months
Discontinuations due to treatment-related AEs occurred in 2.6% (n=20) of all patients 
Dose reductions due to treatment-related AEs occurred in 4.5% (n=35) of all patients

Overall and WM safety profiles are generally consistenth

Data cutoff date of 29 July 2022. aAggregate of neutropenia and neutrophil count decreased. bAEs of special interest are those that were previously associated with covalent BTK inhibitors. cAggregate of contusion, petechiae, 
ecchymosis, and increased tendency to bruise. dAggregate of all preferred terms including rash. eAggregate of all preferred terms including hematoma or hemorrhage. fAggregate of atrial fibrillation and atrial flutter. gOf the 22 total 
afib/aflutter TEAEs in the overall safety population, 7 occurred in patients with a prior medical history of atrial fibrillation. hWM safety population data can be found via QR code. Constipation is more commonly seen as a TEAE in the WM 
population than in all patients.



BCWM.1 - BTKCys481SerBCWM.1 - BTKWT

Pirtobrutinib

Ve
ne

to
cl

ax

Pirtobrutinib

Ve
ne

to
cl

ax

TMD8 - BTKWT TMD8 - BTKCys481Ser

Pirtobrutinib
Ve

ne
to

cl
ax

Pirtobrutinib

Ve
ne

to
cl

ax

3.1600 1.0000 0.3160 0.1000

3.1600 0.4320 0.7140 0.8960 1.3630

1.0000 0.5030 0.7230 0.6520 0.6430

0.3160 0.4900 0.6060 0.3140 0.4490

0.1000 0.6970 0.7870 0.2590 0.2400

3.1600 1.0000 0.3160 0.1000

3.1600 0.6610 1.0630 2.0900 0.9140

1.0000 0.3940 0.2860 0.2270 0.1650

0.3160 0.3190 0.2520 0.1010 0.0950

0.1000 0.7470 0.4430 0.4550 0.2850

0.0316 0.0100 0.0032 0.0010

3.1600 0.1830 0.1170 0.0930 0.0810

1.0000 0.2370 0.1290 0.1310 0.0800

0.3160 0.2600 0.2300 0.2600 0.2740

0.1000 0.3490 0.4030 0.3790 0.4750

0.0316 0.0100 0.0032 0.0010

3.1600 0.3370 0.2120 0.2070 0.2980

1.0000 0.4240 0.2730 0.1920 0.2440

0.3160 0.5060 0.3640 0.2520 0.3030

0.1000 0.6710 0.4950 0.3560 0.6750

Pirtobrutinib
shows synergistic 
interactions with 
venetoclax in 
MYD88 mutated 
lymphoma cells.
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Targeting HCK in MYD88 Driven Lymphomas



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

Kinases Enzymatic 
IC50 (nM)

Kinase 
group

Kinase 
family

HCK <0.495 TK SRC
BLK <0.495 TK SRC
BTK 0.915 TK TEC
LYN 1.150 TK SRC
FRK 1.400 TK SRC
ACK 

(TNK2) 7.780 TK ACK

CSK 16.100 TK CSK
ErbB2 52.600 TK EPH
ABL 98.600 TK ABL

Beads
ATP-biotin

Compounds

IB: BTK
Input

IB: HCK
Input

BCWM.1

5.0
µM

0.0
5µ

M

0.5
µM

Ibrutinib KIN-8194
 ̶

5.0
µM

0.0
5µ

M

0.5
µM

 ̶

+      +       +      +      +      +      +       +
+       +      +      +      +      +       + ̶

TMD8
5.0

µM

0.0
5µ

M

0.5
µM

Ibrutinib KIN-8194
 ̶

5.0
µM

0.0
5µ

M

0.5
µM

 ̶

+      +       +      +      +      +      +       +
+       +      +      +      +      +       + ̶

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

Yang et al, Blood 2021



Median 
Survival Vehicle Ibrutinib

(50mg/kg)
KIN-8194
(50mg/kg)

(days) 31 90 Undefined
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Vehicle Ibrutinib
50mg/kg
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50mg/kg

Day 33

P=0.0045

P =0.0045

Treatment stopped

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

KIN-8194 Efficacy Studies in BTK wild-type TMD8 xenograIed mice

Yang et al, Blood 2021



KIN-8194 Efficacy Studies in BTK Cys481 mutated TMD8 xenografted mice

Median 
Survival Vehicle Ibrutinib

50mg/kg
KIN-8194
50mg/kg

KIN-8194
75mg/kg

(days) 29 25 57.5 70.5
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b
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-81

94
50

mg/k
g

KIN
-81

94
75

mg/k
g

Day 29

P<0.0034P=0.798
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0

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

Yang et al, Blood 2021



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

Zanubrutinib
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 or Zanubrutinib

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 or bendamustine 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 >65 year patients responding to rituximab based
regimens or those with < major response.

Treon et al, JCO 2020; 38:1198-1208; Italics denote modifications since publication.



MYD88 
CXCR4 

Genotyping

MYD88Mut

CXCR4Mut

MYD88Mut

CXCR4WT

MYD88WT

CXCR4WT

Plasmapheresis if
severe HV, 

CAGG, CRYOS,
rapidly 

progressing IGM 
PN

First and second relapse 
or refractory

Ibrutinib plus rituximab 
or zanubrutinib
(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 or zanubrutinib

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

Alternatives: Venetoclax, NA1, everolimus

Third or later 
relapse or 
refractory

Ibrutinib plus 
rituximab or 
zanubrutinib

(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, and

those with amyloidosis for consolidation after PI or bendamustine based therapy.

Treon et al, JCO 2020; 38:1198-1208; Italics denote modifications since publication.
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