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Manifestations of WM Disease

Bone Marrow
4 Hb>>> | PLT> | WBC

Hyperviscosity Syndrome:
Epistaxis, Headaches,
Impaired vision
>6,000 mg/dL or >4.0 CP

Bing Neel Syndrome

Cold Agglutinemia (5%)
Cryoglobulinemia (10%)
IgM Neuropathy (22%)
Amyloidosis (10-15%)
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<20% at diagnosis;
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Treon S., Hematol Oncol. 2013; 31:76-80.



NCCN Guidelines for Initiation of Therapy in WM

 Hb <10 g/dL on basis of disease

« PLT <100,000 mm?3 on basis of disease
« Symptomatic hyperviscosity

« Moderate/severe peripheral neuropathy

« Symptomatic cryoglobulins, cold agglutinins, autoimmune-
related events, amyloid

* |IGM level per se is not an indication to treat per NCCN (but...)

Kyle RA, et al. Semin Oncol. 2003;30(2):116-120. Anderson, et al. J Natl Compr Canc Netw. 2012 Oct 1;10(10):1211-9.



Primary Treatment of WM with

Chemoimmunotherapy
Regimen Median PFS (mo)
Rituximab x 4 25-30% 0-5% 13
Rituximab x 8 40-45% 0-5% 16-22
Rituximab/cyclophosphamide 70-80% 5-15% 30-36
Rituximab/nucleoside analogues 70-90% 5-15% 36-62
. hibi —

Rituximab/Proteasome Inhibitor L 5 o
Rituximab/bendamustine 90% 5-15% 69

Reviewed in Dimopoulos, et al. Blood. 2014;124(9):1404-11; Treon, et al. Blood. 2015;126:721-732; Rummel, et al. Lancet Oncol. 2016;17:57-66



WM-Centric Toxicities
with Commonly Used Therapies

Agent WM Toxicities

Rituximab * IgM flare (40%-60%)—>Hyperviscosity crisis, Aggravation of IgM-
related PN, CAGG, Cryos.

* Hypogammaglobulinemia-> infections, IVIG
* Intolerance (10%-15%)

Fludarabine * Hypogammaglobulinemia-> infections, IVIG
* Transformation, AML/MDS (15%)
Bendamustine * Prolonger neutropenia, thrombocytopenia (especially after
fludarabine)
*  AML/MDS (5%-8%)

Bortezomib * Grade 2+3 peripheral neuropathy (60%-70%); High discontinuation
(20%-60%)

Treon, et al. Blood. 2015;126:721-732. Treon, et al. J Clin Oncol. 2020;38:1198-1208.



MYD88 Directed Pro-survival Signaling in WM

The NEW ENGLAND JOURNAL of MEDICINE

“ ORIGINAL ARTICLE ”

MYD88 L265P Somatic Mutation
in Waldenstrom’s Macroglobulinemia

A419259
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MYD88 mutations occur Pirtobrutinib
in 95-97% WM Patients \ | Tirabrutinib
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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. Inflammatory \
Yang, et al. Blood. 2016;127(25):3237-3252. Cytokines ]
Chen, et al. Blood. 2018;131(18):2047-2059. 7 7/
Liu, et al. Blood Adv. 2020;4(1):141-153. Growth and Survival ,7
Munshi, et al. Blood Cancer J. 2020;10:12. Signaling ’,//

Munshi, et al. Blood Adv. 2022.
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CXCR4 Receptor (WHIM-like) Mutations Are Common in WM

Plenary Paper

LYMPHOID NEOPLASIA

The genomic landscape of Waldenstrom macroglobulinemia is
characterized by highly recurring MYD88 and WHIM-like CXCR4
mutations, and small somatic deletions associated with

B-cell lymphomagenesis

Zachary R. Hunter,"? Lian Xu,' Guang Yang,' Yangsheng Zhou, Xia Liu," Yang Cao,' Robert J. Manning,’
Christina Tripsas,’ Christopher J. Patterson,! Patricia Sheehy,’ and Steven P. Treon'*

"Bing Center for Cancer Institute, Boston, MA; Department of Pathology and Laboratory Medicine, Boston
University School of Graduate Medical Sciences, Boston, MA; and *Harvard Medical School, Boston, MA

Regular Article

CLINICAL TRIALS AND OBSERVATIONS

Somatic mutations in MYD88 and CXCR4 are determinants of clinical
presentation and overall survival in Waldenstrém macroglobulinemia
Steven P. Treon,"? Yang Cao," Lian Xu,"? Guang Yang,"? Xia Liu,'® and Zachary R. Hunter'®

"Bing Genter for Waldenstram's Macroglobulinemia, Dana-Farber Gancer Institute, Boston, MA; “Department of Medicine, Harvard Medical School, Boston.
MA; and *Department of Pathology, Boston University School of Graduate Medical Seiences, Boston, MA

30-40% of WM patients
have CXCR4 mutations

CXCR4 mutations
Non-sense (S338X)*
Frameshift

g

CXCL12

extracellular

intracellular

*Associated with HV Syndrome
S338X

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.



Challenges of MYD88 and CXCR4 Detection in WM

MYD88 L265P
AS-PCR NGS
True Positive —no. 391 295
True Neg_;ative — ho. 23 23
False Positive — no. 0 0
False Negative — no. 0 132
Concordance (k) — & Ref. 68 (0.19)
Sensitivity (95% CI) — % Ref.
Specificity (95% CI) — % Ref. 100 (83—-100)
PPV (95% CI) — % Ref. 100 (98-100)
NPV (95% CI) — % Ref. 15 (10-22)
122 T P <0.001
o0 81%

70
60 =
50
40 =

False Negative Rate (%)

Overall 0-9 10-19  20-29
Bone Marrow Involvement (%)

Kofides A, et al. Hemasphere. 2021;5(8):624. Gustine JN, et al. Br J Haematol. 2021;194(4):730-733.
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Ibrutinib monotherapy in previously-treated WM: Pivotal Trial

“ ORIGINAL ARTICLE ||

_ Range

Waldenstrom’s Macroglobulinemia Age (yrs) 63 44-86

Steven P. Tr

Prior therapies 2 1-9
Refractory to prior therapy 25 (40%) N/A
Hemoglobin (mg/dL) 10.5 8.2-13.8
Serum IgM (mg/dL) 3,520 724-8,390
B,M (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




Ibrutinib Activity in Previously Treated WM:

Update of the Pivotal Trial (median f/u §9 mos
£\

MYD88MuT MYD88MuT MYDS88WT

All Patients CXCR4WT CXCR4MUT 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.

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)

All patients

MYD88 and CXCR4 Mutation Status

o
3
3

o
&)
o

Log-rank P < 0.001
I-IL‘_\—,_ MYD88MUT/
CXCR4WT
MYD88MUT/

PFS Probability

CXCR4MUT

MYD88WT/
CXCR4WT

1.00
0.75
)
E
=
=
2 040
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| 95% CI  —— Sunivor function|
0.00 =
Number at Years from |brutinib Initiation
risk  §3 91 39 35 26

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

L) T L] L] L]

1 — 5 6
Years from Ibrutinib Initiation

34 26 25 18 14 0

16 13 10 8 5 0
1 0 0 0 0 0

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:
Long Term Toxicity Findings (grade >2) of the Pivotal Trial

2

ak:

10 1 12 13 14 15 16

Anemia

L
Arthralgia =——
Atrial Fibrillation
Bloating  ——
Bronchial infection

Constipation

Cough

Dehy dration

Diarrhea

Duodenal ulcer

Edema Limbs
Endocarditis infective
Epistaxis

Eye infection

Febrile Neutropenia
Gastric Ulcer
Gastroesophageal reflux disease
Headache

Hypertension
Hypogammaglobulinemia

ypotension

Lung infection

Mucositis oral

Myalgia

Neutropenia

Post-procedure hemorrhage

Presyncope

Pruritus

Rash

Sinusitis

Skin exfolliatios
Skin infecti
Syncop
Tendoniti
Tenosy novit

Throm bocytopenia
Upper respiratory infection
Urinary tract infection

mGrade 2 mGrade3 mGrade 4

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

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.



- - Update of Ibrutinib Monotherapy:

N Treatment-Naive WM Patients
: : g;?se Median f/u: 50 months

All

B v MW PR M VGPR

PFS Probability
o
a
o
Il

o
)
@

1

100% - - . 95% Cl === Survivor function
Median time to Response 000 4, : : : : .
e 0 1 2 3 4 5
- CXCR4WT | CXCR4MuT Number at Years from Ibrutinib Initiation
risk 30 25 23 19 15 0
B0 = Time to Minor 0.9 17
Response (mos).! .
Time to Major 1.8 1.00 + CXCR4 Wlldtype
405 = Response (mos).2 _E“LI— 4 yr. 92%
2 075
0% - 1.p=0.07:2.p=0.01 2 CXCR4 mutated
g 050 1 4 yr: 59%
%
Cﬁﬁ$4 E 0.25 1
HuR PR H VEFR oo 4 LOg-rank P =0.06
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= umber a Years from Ibrutinib Initiation
All patients were MYD88 mutated. RS e e
14 1 10 8 5 0

CXCR4 MUT

Treon SP, et al. J Clin Oncol. 2018;36(27):2755-2761. Castillo, et al. Leukemia. 2022;36:532-539.



Clinical Impact of Drug Holds in WM Patients Receiving
Ibrutinib as Primary Therapy

IgM rebound (>25% over nadir and >500 mg/dL)

. 6/16 (37.5%)

* In 5 of these 6 patients, serum IgM returned to pre-hold levels or better following re-start of therapy at a median
of 4.6 months (range 3.4-11.2 months).

* One patient’s serum IgM level remained elevated after self-holding drug for 15 days and met criteria for
progression.

Decreased hemoglobin (>0.5 g/dL)

+ 8/16 (50%) experienced a decline in hemoglobin that exceeded 0.5 g/dL, including 5 with a decrease of 1.0 g/dL
or more.

* The median time to recovery of the hemoglobin for these patients was 3.7 months (range 3.4-6.1 months).

Bottom line: Avoid drug holds when possible

Treon SP, et al. J Clin Oncol. 2018;36(27):2755-2761. 14



Ibrutinib induced response in
a WM patient with Bing Neel Syndrome

Pre-
treatment 560 mg po once a day
Tbrutinib (nM)
Post- Study Day Time post-dose (h) CSF Plasma %CSF/Plasma
treatment Day 1 0 BLQ BLQ NA
2 34 1133 3.0
1 Month 3 16 163 35
4 Months 25 7 318 22

Mason et al, BJH 2016; ;179(2):339-341



Patients, %

ASPEN: Randomized Study of Zanubrutinib vs Ibrutinib
Best Overall Response and PFS by Investigator Over Time

Responses Over Time in Patients With MYD88WUT Responses Over Time Observed in MYD88WT
1.0 2.0 1.0 2.0 1.0 2.0

1007 2._ E— 3.0 2__ — 3.0 2._ —|—_3_0 ® PD 1007 3.8 3.8 3.8 H ppD
907 17.2 16.2 14.1 ¥ sD 907 ® sp
80 r - MR 801 MR
701 ¥ PR < 707 N PR
60- 451 B VGPR & 607 H VGPR
501 48.0 3 501 ® CR
407 1o ™ o & 407 269 231 MRR

307 307 | 65%

207 ' 207

101 284 17.2 202 %3 253 101 26.9 30.8

i H B N i 0 0 o M

0 L Zanubrutini? Ibrutinib | L Zanubrutini? Ibrutinib | L Zanubrutinillj Ibrutinib 0 Zanubrutinib Zanubrutinib Zanubrutinib
mFU 19.4 months 31.2 months 44.4 months mFU 17.9 months 28.9 months 42.9 months

= At 44.4 months event free rates for PFS were = At 42.9 months event-free rates for

78.3% and 69.7% for zanubrutinib and PFS and OS were 53.8% and 83.9%,
ibrutinib, respectively. For OS, 87.5% and respectively.
85.2%, respectively.

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.

Dimopoulos MA et al, 11t International Workshop on WM, Madrid Spain, 2022



ASPEN STUDY Adverse Events of Interest (Cohort 1)

Grade 23
Zanubrutinib

Ibrutinib

Any grade
Ibrutinib Zanubrutinib
a o

ASSE ) (n=98) (n=101)
Infection 78 (79.6) 80 (79.2)
Bleeding 61 (62.2) 56 (55.4)
Diarrhea 34 (34.7) 23 (22.8)
Hypertension* 25 (25.5) 15 (14.9)
Atrial fibrillation/ .
flutter* 23 (23.5) 8 (7.9)
Anemia 22 (22.4) 18 (17.8)
Neutropenia*® 20 (20.4) 35 (34.7)
Thrombocytopenia 17 (17.3) 17 (16.8)
xﬁgrﬁ’gwaw 17 (17.3)/ 17 (16.8)/

6 (6.1) 6 (5.9)

Bol nonskin cancers

Data cuton:

27 (27.6)
10 (10.2)

20 (20.4)*

10 (10.2)

(n=101)
22 (21.8)
9 (8.9)
3 (3.0)
10 (9.9)

2 (2.0)

12 (11.9)
24 (23.8)*
11 (10.9)

6 (5.9)/
4 (4.0)

*Descriptive purposes only, 1-sided P < 0.025 in rate difference in all grades and/or grade 23. 2Grouped terms. Including preferred terms of neutropenia, neutrophil count decreased, febrile neutropenia, and neutropenic sepsis.

AE, adverse event.

Presented at the 11t International Workshop on Waldenstrom Macroglobulinemia on October 27-30, 2022
Session Xl: Plenary Session Il - Presentation WM042

Meletios Dimopoulos



ASPEN: Cardiovascular Disorders

Cardiovascular AEs

Atrial Fibrillation/Flutter

ASPEN cohort 1 WM Pooled analysis
B-cell malignancies
. - 9 100 a0, 78 (P < 0.05°
Cardiovascular Disorders, n (%), utinib  Zanubrutinib  lbrutinib ~ Zanubrutinib | e AR
(n=98) (n=101) (N=422) (N=1550) 90 + bensore
, 80 -
Median treatment 42.23 43.37 19.96 26.64 |
duration, months 70
Any Cardiovascular AE ® 60
[}
Atrial fibrillation/flutter* 23 (23.5) 8(7.9) 60 (14.2) 60 (3.9) § 90
© -
Ventricular arrhythmia (VA)? & 40
Grods 59 1(1.0) 0 6 (1.4) 11 (0.7) -
S)l:mptomatlc idiopathic 1(1.0) 0 6 (1.4)" 5 (0.3)" 20
- 7 M
Hypertension°* 25(255)  15(14.9) 85(20.1)  225(14.5) 0 pppprteem
Any Cardiovascular Medical History 0 3 6 9 1215 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60
No. of Patients
at Risk:
Atrial fibrillation/flutter 8(8.2) 10 (9.9) 26 (6.2) 101 (6.5) Months
Zanubrutinib 101 95 94 92 89 87 84 79 77 75 74 74 70 68 52 41 22 11 4 1 0
Ventricular arrhythmia?@ 0 1(1.0) 1(0.2) 14 (0.9) Ibrutinib 98 87 83 78 74 71 68 64 62 59 58 54 49 48 40 25 10 4 2 0O
Hypertension® 45(45.9) 39 (38.6) 206 (48.8) 669 (43.2)

aVentricular arrhythmia including ventricular tachyarrhythmia (SMQ narrow), ventricular arrhythmias and cardiac arrest (High Level Term MedDRA version 24.0). ®"Symptomatic idiopathic ventricular arrhythmia is defined as a
ventricular arrhythmia occurring in structurally normal hearts in the absence of myocardial scarring and active infections and were grade =2 per CTCAE. ¢Including hypertension (SMQ narrow). EAIR, as incidence per 100
person-month. éDescriptive 2-sided P value. *P <0.05 for EAIR difference between treatments.

AE, adverse event; EAIR, exposure-adjusted incidence rates; SMQ, Standardized MedDRA (Medical Dictionary for Regulatory Activities) queries; VA, ventricular arrhythmia.

Presented at the 11 International Workshop on Waldenstrom Macroglobulinemia on October 27-30, 2022 Meletios Dimopoulos
Session Xl: Plenary Session Il - Presentation WM042



Response and PFS in Patients With MYD88VUT by CXCR4MUT Status

Response Assessment by CXCR4 Status? PFS in Patients With MYD88VUTCXCR4MUT
CXCR4MUT CXCR4WT ¥ 1001
Ibrutinib Zanubrutinib Ibrutinib Zanubrutinib S-Sl o
Response (n=20) (n=33) (n=72) (n=65) 3 80 R B
£ ?O_ -:
VGPR or better, 2 7 22 29 T o =
= 4 .
n (%) (10.0) (21.2) (30.6) (44.6) o | 49.0% lrutialb
=] i
Major response, 13 26 61 o4 § 407 Zanubrutinib Ibrutinib I
o, = i H
n (%) (65.0) (78.8) (84.7) (83.1) A TR i
Overall response, Q 0 68 63 w 207 HR (95% CI) 0,50 (0.20, 1.29) ' -
n (%) (95.0) (90.9) (94.4) (96.9) § 107, censored !

- - 0 T L 1 T T 1 1 L 1 I 1 T T : T L L] T L
Time to MR, 6.6 2.4 28 28 e 0 3 & 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57
m_edlan (months) Months
Time to VGPR, 313 11 113 6.5 MNo. of Patients at Risk:
median (months) -

o o Zanubrutinib 33 31 31 30 30 30 2% ¥ % M M 13 W 19 17 W & 3 1 0
Bold blue text indicates »10% difference between arms. Ibrutinib W 18 1B 16 16 15 14 13 11 11 11 11 11 3 7 4 3 0

2CXCR4 mutation determined by NGS. Ninety-two ibrutinib patients and 98 zanubrutinib patients had NGS results available.
Data cutoff: October 31, 2021.

CI, confidence Interval;, CXCR4, C-X-C chemokine receptor type 4 gene; HR, hazard ratio; MR, major response; MUT, mutant; PFS, progression-free survival; VGPR, very good partial response.

Presented at the 11 International Workshop on Waldenstrém Macroglobulinemia on October 27-30, 2022

Meletios Dimopoulos, MD
Session XI: Plenary Session Il — Presentation WMO042




CXCR4 Nonsense variants with high clonality impact ibrutinib PFS outcomes

CXCR4 NS vs. FS Mutations

Total CXCRAYT CXCRA™ CXCRA™ Povalue ?_ 0 il

All patients Y - I
Very good partial response 44 (25%) 36 (33%) m <0001 b“: i \L el R = W ey o
Partial response 90 (51%) 56 (52%) 24 (49%) 10 (53%) '_3‘ =] L
Minor response 31 (18%) 13 (12%) 16 (339%) 2 (11%) g l___‘_,__l_'I
No response 11 (6%) 3 (3%) 6 (12% 2 (11%) .g 8 | 5
Major response (=partial) 134 (76%) 92 (85%) =0-001 a o - _l

Previously treated W '1‘

Very good partial response 33 (26%) 28 (36%) 0-002 & g !_ L = iy
Partial response 61 (49%) 37 (44%) 5 (400 I 6470 o

Minor response 23 (18%) 11 (14%) 11 (3349%) 1 (7%) =

No response 4 (6-4) 2 (3%) 5(15%) 1 (7%) Log-rank P < 0-001

Major response (>partial) 94 (75%) 65 (830 0001 E .

Previously untreated L ! ! ' v J d
Very good partial response 11 (20%) 8 (24%) 0-28 0 12 24 36 48 60 72
Partial response 30 (55%) 20 (59%) TTSER ™ Months from ibrutinib initiation
Minor response 10 (18%) 4 (12%) 5 (31%) 1 (20%) Number at risk
No response 4 (7%) 2 (69) 1 (6%) 1 (20%) CXCR4WT 112 78 49 30 20 12 0

Major response (=partial) 41 (75%) 28 (82%) 10 (63%) 3 (60%) 0-24 CXCR4 NS 49 a1 14 11 3 1 0

CXCRaMT, CXCR4 wild type; CXCR4™, CXCR4 nonsense mutation; CXCR4™, CXCR4 frame CXCR4FS 19 13 7 4 2 2 0

shift mutation. ———— CXCR4WT ====- CXCR4 NS

—=:=:= CXCR4 FS

N=180; Previously treated 125 (69%)

Castillo et al, BJH 2019; Gustine et al, Blood Adv 2019



ASPEN: Responses by CXCR4 mutation subtypes

Patients with MYD88gWMuT

Patients with MYD88WuT
treated with ibrutinib

treated with zanubrutinib

CXCR4WT CXCR4FS CXCR4NS CXCR4WT CXCR4FS CXCRA4NS
(n=72) (n=7) (n=13) (n=65) (n=19) (n=14)
VGPR or better, n (%) 22 (30.6) 0 (0.0) 2 (15.4) 29 (44.6) 5 (26.3) 2 (14.3)
Major response, n (%) 61 (84.7) 6 (85.7) 7 (53.8) 54 (83.1) 14 (73.7) 12 (85.7)
Time to VGPR or better 11.3 31.3 6.5 1.1 10.3
Median (min, max), months (2.0, 49.9) i (16.6, 46.0) (1.9, 42.0) (2.8, 26.0) (9.4, 11.1)
Time to major response 2.8 7.0 2.9 2.8 29 4.1
Median (min, max), months (0.9, 49.8) (2.8, 41.5) (1.2, 13.6) (0.9, 28.5) (1.8, 49.8) (1.0, 38.7)
PFS
Events, n (%) © 18 (25.0%) 4 (57.1%) 7 (53.8%) 11 (16.9%) 4 (21.0%) 4 (28.5%)
P valueb 0.185 0.017 0.473 0.598

Bold text indicates »10% difference between FS and WT or between NS and WT
Bold red text highlights P value < 0.05

Data cutoff: October 31, 2021. aMutation determined by NGS; NGS results were available for 92 patients in the ibrutinib arm and 98 patients in the zanubrutinib arm. b P values were estimated using a Cox
regression model with GXCR4 (WT, FS, NS), TP53 (WT, MUT), and TERT (WT, MUT) mutational statuses as covariates. WT is the reference group. © Include the number of progressive disease or death

Presented at the 11" International Workshop on Waldenstrém Macroglobulinemia on October 27-30, 2022

Constantine S. Tam, MD
Session XI: Plenary Session Il — Presentation WMO041 '



ASPEN: PFS by CXCR4 mutation subtypes

PFS in CXCR4NS vs CXCR4WT PFS in CXCR4NS vs CXCR4F )

Progression-Free Survival Pr
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Progression-Free Survival Probability

404[== - - Ibr CXCRA NS N 40=[= === lir CRCR4 NS i
11 Zanu CXCR4 NS 1 sp4|= == = Lo CXCR4 NS '
N Ibr CXCR4 WT ! Ibr CXCR4 FS ,
0 Zanu CXCR4 WT | 209 Zan CXCRA FS ]
10 - +  Censored ' 10 = + Censored '
1 ]
0 T T T ‘_' T T T T T T T T T 'r T N N T 0 T T T T T T T T T T T T T T T T T T T
1] ] [] 9 12 15 18 i | et 27 30 3% £ 39 42 45 48 51 H 57 o 3 6 9 12 15 18 1 24 a7 30 1 W 0 42 5 48 51 54 57
Months
! - . Months
No. of Subjects at Risk N, of Subijects a1 Risk
e CXCRANS 13 12 12 W @ E 7 o 6 & & & 5 3 2 1 0 - . N - . p N |
FanuCXCRANS 14 13 13 12 12 3 g 8 g 5 1 o e CXCR4NS 13 12 12 1o 0 ? § & 6 & o o 4 d . ! 9
Ibr CXCRAWT 72 68 fd 03 6l L L 36 35 54 i3 &4 45 40 34 it} a9 [ 3 [} P CXORA NS 14 3 [

e CXCRAFS 7 [ l @ & i ] [ L L 5 ] [ i i

Zai CXCRAWT 65 6l 8 s 88 54 2 8 & W 4 45 W 15

= Patients with CXCR4NS had more inferior PFS than CXCR4"T by ibrutinib compared to zanubrutinib

= Both CXCR4NS and CXCRA4FS show similar PFS trend, and Zanubrutinib demonstrated a more favorable
PFS than ibrutinib in CXCR4NS, and CXCR4FS patients

Data cutoff: October 31, 2021. sMutation determined by NGS; NGS results were available for 92 patients in the ibrutinib arm and 98 patients in the zanubrutinib arm.
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Phase | Trial of CXCR4 antagonist Ulocuplumab and Ibrutinib in
CXCR4-mutated Patients with Symptomatic WM

Median follow-up : 22.4 mos.

Median Time to Median Time to
Major Response PFS

Baseline
Age (yr) 61.5
slgM (mg/dL) 5241
BM Involved 65%
Hb (g/dL) 9.1
Prior Rx 0 (0-2)
Sx HV 42%

=}
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95% Cl === Survivor function
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Months from Therapy Initiation
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Treon S, et al. Blood. 2021; 138 (17): 1535-1539.

Major RR: 100%
VGPR: 33%




Ibrutinib and Venetoclax (IVEN) in Treatment Naive WM

Screening

www.clinicaltrials.gov:
NCT04273139

Informed Consent and Registration

Cycle 1
Ibrutinib 420 mg PO QD

Cycle 2
Ibrutinib 420 mg PO QD

Dose reductions were
allowed for toxicity

Venetoclax weekly ramp up

Progressive Disease or
Unacceptable Toxicity

Stop therapy

100-200-400 mg PO QD

Stable Disease or

Cycle 3-24 Response
Ibrutinib 420 mg PO QD
Venetoclax 400 mg PO QD

E

Follow-up

. Continue therapy until

completion

Castillo et al, ASH 2022
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25%
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IVEN: Response to therapy

,— p=0.15 —
ORR 100%
Major 89%

ORR 100% ORR 100%
Major 93% Major 96%

4%

All patients CXCR4AWT
B Minor M Partial = VGPR

CXCR4AMUT

Castillo et al, ASH 2022
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PFS probability
0.50 0.75 1.00
1

0.25

0.00

Number at risk

IVEN: Survival analysis

Median follow-up: 11 months

12-month PFS rate: 92%

45

T
5 10 15
Months from IVEN initiation
39 22 12
95% CI Survivor function

20

OS probability
0.25 0.50 0.75 1.00

0.00

Number at risk

—
12-month OS rate: 95%

T T T T T
0 5 10 15 20
Months from IVEN initiation
45 39 23 12 0

95% CI Survivor function ‘

Castillo et al, ASH 2022



Safety

Adverse events
observed in 23
patients and of

clinical importance

n=45

Adverse events
Anemia

Atrial fibrillation
Diarrhea

Reflux
Mucositis
Nausea
Neutropenia

Hyperphosphatemia

Muscle/joint pain

TLS: tumor lysis syndrome

Grade 2

Grade 3

Grade4 Grade5 Total

10

16

Castillo et al, ASH 2022



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

Follow up, median,

Bendamustine Rituximab versus Ibrutinib as Primary Therapy for

Waldenstrom Macroglobulinemia: An International Collaborative Study

Jithma P. Abeykoon', Shaji Kumar', Jorge J. Castillo?, Shirley D’sa3, Efstathios Kastritis4, Eric Durot’, Encarl Uppal?, Morel Pierre®, Jonas Paludo’, Reema Tawfiq', Shayna R Sarosiek’, Olabisi Ogunbiyi?,

Pascale Cornillet-Lefebvre?, Robert A. Kyle', Alain Delmer'?, Morie A. Gertz', Meletios A Dimopoulos'!, Steve P. Treon2, Stephen M. Ansell', and Prashant Kapoor!
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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

4.5 (3.7-4.9 45 (4-4.7 0.7
95%Cl, y ( ) ( )
Age, median, range,y 68 (40-86) 68 (39-86) 0.9
IPSS%
Low 11 17 0.63
Intermediate 33 33
High 56 48
. 6 (1-6)
Cycles, d 42 (0.3-98
ycles, median (range) ~4 cycles, 77% ( )
0 I te,
¢ verall response rate 94 94 0.91
%
Major response rate, 92 83 0.05
%
Complete response, % 20 2 <0.001
>VGPR, % 50 33 0.009

Abeykoon et al, Eur. Hematol. Assoc. June 2022

Updated IWWM-11, 2022.




High Rate of TP53MUT TERTMUYT were found in ASPEN Study? and
more often detected in Patients with MYD88MUT or CXCR4MUT

Patients with MYD88YT treated with Patients with MYD88MUT treated with
zanubrutinib (n=98) ibrutinib (n=92)

Patients with MYD88" treated

with zanubrutinib (n=20)

m_i__lm-—'ﬂ'ﬂ'ﬂff"’“

BOR

g 111 IHEEEEEREEEEEERE R REARRTRRRRRRRRRRORRY REYERRENAE T A STAG
TN/RR status BOR_INV (310ct2021)
Mutation rate, % (n) MYD88"T(n=20) MYD88M'T (n=190) CXCRA"T(n=156) CXCR4M'T (n=54) I::R :EZPR v W Dt
N L
TERT 0 (0%) 19 (10%) 6 (3.9%) 13 (24.1%) [ et amtenres | spice ste B oeton  fusion
ARIDIA 1(5%) 31(16.3%) 9 (5.6%) 23 (42.6%) s Bt ot

Bold text indicates >10% difference between MUT and WT in 210 NGS evaluable WM pts. 2including 190 patients with AMYDS8"\T (98 treated by zanubrutinib and 92 treated by ibrutinib) and 20 patients with MD Y887 (all

zanubrutinib), AfYDES status was assessed by a PCR-based assay which was used for patients” enrollment. CXCR4 status was evaluated by NGS. BOR, best overall response; MR, major response; PD, progressive disease
PR, partial response; R/R, relapsedirefractory; SD, stable disease; TERT, telomerase reverse transcriptase gene; TN, treatment-naive; TF53, tumor protein P53 gene

Presented at the 11 International Workshop on Waldenstréom Macroglobulinemia on October 27-30, 2022
Session XI: Plenary Session Il = Presentation WMO041

Constantine 5. Tam, MD



TP53 Mutations in ASPEN Study

Total Treatment |Previously |p=
TP53Mut Naive Treated (TN vs prev.
TP53Mut TP53Mut treated)
MYD88M 190 48/190 6/190 (3.2%) 42/190 <0.00001
ut (25.2%) (22.1%)

MYD88W 20  4/20 (20%) 1/20 (5%) 3/20 (15%) NS
T

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



DNA Binding Domain TP53 mutations identified by NGS
N=265; 13/265 (4.9%); 9/265 Validated (3.4%); 6/265 (2.3%) Somatic.

Sanger sequencing

Patient Nucleotide change Amino acid change Variant allele fraction (%) Total number of reads CD19" BM CD19 PB
WMI1 574 C=T; 916 C=T Q192; R306 15-0; 39-8 878; 379 Present WT
WM2 833 =G P278R 4.9 509 Present WT
WM3 584 T=C [195T 111 878 Present WT
WM4 488 A=G Y163C 85 118 Present WT
WM5 586 C=T R196 56-1 239 Present WT
WMo 722 C=T S241F 46-6 476 Present WT
WM7 289 G=C V97L 4]-2 182 Present Present
WMS 847 847insGGG 282 283insG 32-3 690 Present Present
WM9 704 A=G N2358 44.4 563 Present Present
WMI10 659 T=C Y220C 31-2 955 WT WT
WMI11 701 A=G Y234C 85 791 WT WT
WMI12 745 A=G R249G 3-2 568 WT WT
WM13 843 C=A D281LE 5-1 431 WT WT

BM, bone marrow; PB, peripheral blood; WT, wild type.

All 6 validated were MYD88 and CXCR4 mutated.

4/6 CXCR4 mutated were NS.

Gustine et al, BJH 2018.
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TP53 Mutations in Waldenstrom’s Macroglobulinemia

7.3% of TP53
mutation

B Presence of TP53 mutation

Absence of TPS3 mutation

0% of TP53
mutation
WM Patients MGUS |g M Patients
n=125% n=10

TP53 Alteration

TP53 mutation

Deletion 17p

Deletion 6q

Trisomy 4/Gain 4q
Deletion 13q/Mir15aMirl6

>3 Abnormalities
Presence of acquired UPD
Gain 3p/MYD8S

Deletion 1p36/ARID1a

Gain Xq

Gain 18

Deletion 11q/ATM
Deletion 8p

Trisomy 12

Alteration 1721/ NIK
Alteration IKKalpha/1q24
Deletion 7q

CD79A/CD798

CXCR4 mutation

MYD88L265Pmutation

ol

Poulain et al, CCR 2017



M) Gheck for updates.
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‘CLINICAL TRIALS AND OBSERVATIONS

A randomized phase 3 trial of zanubrutinib vs ibrutinib
in symptomatic Waldenstrom macroglobulinemia:

the ASPEN study

Constantine 5. Tam, ™ Staphen Opat 3 Shirley D'Sa,” Wojciech Jurczak,* Hui-Pang Lee,” Gevin Cull, /%™ Roger G. Owen, ' Faula Marlton, %11
Bjom E.Wahin, 1 Hiken MeCarthy, " 1= Alessandra Tedeschi, * Jorge J. Castills ™1 Jarasiaw Cayz
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i ENCIN] 73 (00

Alkylarmg agents [cyclophosphamlde
chlorambucil, bendamustine, ifosamide, 66 (82) 73 (88)
lomustine, melphalan msplarln)

Waldenstrm macroglobulinemia (WM. The phase 3 ASPEN study compared the efficacy
and safety of ibrutinib, a first-generation BTK inhibitor, with zanubrutinib, a nevel highly
selective BTK i v, in pationts with WM. Patients with MYD8SL42 disease were
randomly assigned 1:1 to ith ibrutinib. primary end point
was the proportion of patients achieving a complete response (CR) or a very good partial
response (VGPR) by independent review. Key secondary end points included major re-
sponse rate (MR, progressio-free surviva (PFS). dration of response (DOR, dsesse
burden, and safety. A total of 201 pati

. No patient achieved a CR. i tinib patients and
19 (19%)ibrutinib patients achieved a VGPR, a nonstatistically significant ditfarence
(P = .09). MRRs were 77% and 78%,
84% and 85% of ibrutinib and zanubrutinib patients were progression free at 18 months.

, contusion, diarrhea, pasms, and
pneumonia, as well as adverse events leading to treatment discontinuation, were less
common ameng zanubrutinib recipients. Incidence of neutropenia was higher with zanubrutinib, although grade 23
infection rates were similar in both arms (1.2 and 1.1 events per These results

50 (62) 60 (72)

 The incidence and
erity of most BTK-

(including atriel
fibrillation) were lower
with zanubrutinib then

18 (22) 20 (24)

\-"linca al]_mloids (vincristine, vinblastine, 18(22) 23(28)
vinorelbine)

Proteasome inhibitors (bortezomib, ixazomib) 10(12) 10(12)
Anthracyclines (doxorubicin, epirubicin) 9(11) 9(11)
Kinase inhibitors (idelalisib, everolimus) 3(4) 2(2)
Immunomodulators (lenalidomide, thalidomide) 1 (1) 1 (1)
Topoisomerase inhibitors {etoposide) 1(1) 2(2)
Multi-agent regimens, including anti-CD20 0 1 (1)
Others (|nterlcron bleomycin, belimumab, 0 405

a trend toward better respanse quality and less toxicity, particularly cardiovascular toxicity. (Blood. 2020;136(18):
2038-2050)




Outcomes in ASPEN Study for
TP53 Wild-Type vs. TP53 Mutated Patients

Patients with MYD88MUT Patients with MYD88MUT
treated with ibrutinib treated with zanubrutinib
TP53WT TP53WUT TP53WT TP53WuUT
Response (n=70) (n=22) (n=72) (n=26)
VGPR or better, n (%) 21 (30.0) 3 (13.6)f 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 11.4 24.9 6.5 11.1
(min, max), months (2.0, 49.9) (5.6, 46.9) (1.9, 42.0) (3.0, 26.0)
Median time to Major Response 2.9 3.0 2.8 2.8
(min, max), months (0.9, 49.8) (1.0, 13.8) (0.9, 49.8) (1.0, 5.6)
PFS
Event-free rate at 42 months, % 721 57.9 84.6 62.0
P valueP - 0.027 - 0.120

= Compared to ibrutinib, zanubrutinib demonstrated a more favorable VGPR+CR rate (P value® < 0.05)
and maijor response rate (P value® = 0.11) in TP53MUT

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. "Estimated 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. ¢ 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(t 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.

Presented at the 11th International Workshop on Waldenstrém Macroglobulinemia on October 27-30, 2022 Constantine S. Tam
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BTK-inhibitor (monotherapy)
Alternatives: Benda-R, Pl based regimen

Plasmapheresis for

Rapid Response |p. | (o ere HV, CAGG, CRYOS, [= Benda-R

/ Required rapidly progressing IGM PN or Pl based regimen
N Rapid Response | . Zanubrutinib

Not Required Alternative: Benda-R, Pl based regimen
\ Benda-R, Pl based regimen or Zanubrutinib

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



First and second relapse or refractory Third or later relapse or refractory
BTK-inhibitor alone (if BTK-I naive) = BTK-inhibitor alone (if BTK-I naive)
Alternatives: Benda-R, Pl based regimen Alternatives: Venetoclax, NA', everolimus

Third or later
Plasmapheresis First and second relapse or
if relapse or refractory refractory
severe HV, =P | Ibrutinib plus rituximab = Ibrutinib plus
CAGG, CRYOS, or zanubrutinib rituximab or
rapidly (if BTK-I naive) zanubrutinib
progressing IGM Alternative: Benda-R, (if BTK-I naive)
PN Pl based regimen Alternatives:
venetoclax, NA?,
everolimus

Benda-R, Pl based regimen or zanubrutinib

les (NA) should be avoided in younger patients, and candidates for ASCT.!
ed in patients with multiple relapses, and chemosensitive disease, and

consolidation after Pl or bendamustine based therapy.

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



Conclusions

Activating MYD88 mutations are found in 95-97% of
WM patients and drive multiple growth and survival
pathways that include BTK and IRAK1/IRAK4 canonical
NFKB signaling.

CXCR4 mutations are found in 40% of WM patients and
drive resistance to BTK-inhibitors, particularly nonsense
variants. CXCR4 antagonists may overcome resistance to
ibrutinib in CXCR4MUt patients.

Zanubrutinib shows more favorable activity in CXCR4
mutated, and MYD88 WT patients, and much less Afib.

TP53 is far more common among previously treated vs.
TN patients, and impacts outcomes with BTK-inhibitors.
Should BTK-inhibitors be moved to the frontline before
TP53 mutations set in?
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