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Waldenstrom Macroglobulinemia

- Described by Jan Waldenstrom in 1944
- Low grade B-cell lymphoma, 1% of NHL

- Approximately 1000-1500 new cases per year in USA
- 3.8/million-persons/year

- Median age at diagnosis Is 69 years

- More common in Caucasians
- Familial predisposition in up to 26% cases



Acta Medica Scandinavica. Vol CXVII, fasc. [T[—TV, 1944,

(Froma Med. Clia, Akad, Hospitsl, Upsals {Sweden), Chiel: Prof,
G. Derginark),

Incipient myelomatosis or <essential< hyper-
globulinemia with fibrinogenopenia —
a new syndrome?

dy

TAN WALDERSTROM,

Sotmitted for putlication Mptrmber 2, 104)

‘The real nuture of myelomuatosis.

The title of thiv paper may st finst acem somewhat surprising,
The myclonsa has of ald hed a repulution es s well defined clinkal
entity. With the aid of the typical changes on the Xeray film and
guided by the examinsbion of the cclls from u siermul puncture the
dizegrosis shiould therefore be easy and there cught not to be found
any serious dingnostical troubks. In Uhe follewlng 1 om geing to
give & description of two tases, who have severil symptonss suggest-
ing myelematesis but sl show decided differcrees. They are very
wuch alike cven as regards detnils in the chemistry of the hlead
proteins and it secius probable according to my opinica, thet they
suffer from the some malady. A third case very much resembles
thesn two paticnts but also shows other sigms, that do not {it in
30 well with the picturc.

it might be possible to regard these patients as myeloma without
myeloms i, ¢, the hypothesis may be propounded, thul we have
to do with u premyelaasatous stage of the mudydy with culy fn-
creass in serum globuling but not yel with the seoundury deposition
of wyeloma tissize, plasma cells, in the hene marrow (Walden-
slrim 1947). T bave recently pointed out, that many facls in the
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WHO Ciriteria

- Lymphoplasmacytic lymphoma (LPL)
- Neoplasm of small B lymphocytes, plasmacytoid lymphocytes, and plasma cells
- Usually involving bone marrow and sometimes lymph nodes and spleen

- Does not fulfill criteria of any other small B-cell lymphoid neoplasm that may also
have plasmacytic differentiation

- Swerdlow SH, et al. WHO 2017

- Waldenstrom Macroglobulinemia (WM)
- Lymphoplasmacytic lymphoma with bone marrow involvement

- IgM monoclonal gammopathy of any concentration

- Owen RG, et al. Clinicopathological definition of Waldenstrom’s Macroglobulinemia:
Consensus Panel Recommendations from the Second International Workshop on
Waldenstrom’s Macroglobulinemia. Semin Oncol 2003:30:110-115



Waldenstrom Macroglobulinemia International
Workshop Ciriteria

- Proposed criteria for the diagnosis of WM
- IgM monoclonal gammopathy of any concentration
- Bone marrow infiltration by small lymphocytes, plasmacytoid cells
and plasma cells
- Diffuse, interstitial, or nodular pattern of bone marrow infiltration
- CD19+, CD20+, slgM+; CD5, CD10, CD23 can be expressed in
some cases of WM and does not exclude diagnosis

- Owen RG. Developing diagnostic criteria in Waldenstrom'’s
macroglobulinemia. Semin Oncol 2003;30:196-200.



Manifestations of WM

Bone Marrow
+HB>>> JPLT> JWBC

Cold Agglutinemia (5%)
Cryoglobulinemia (10%)
e IgM Neuropathy (20%)
Amyloidosis (5-10%)
T Hepcidin (protein regulator of iron)

+Fe-> Anemia
Constitutional symptoms: fevers, night
sweats, weight loss, fatigue, itch
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Diagnosis of WM

History and physical Include familial history for WM and other B cell Bone marrow biopsy Testing for MYD8S and CXCR4.
examination lymphoproliferative disorders Bone marrow aspirate with flow cytometry optional
Screen for symptoms among others related to
hyperviscosity, neuropathy, cold-agglutinins, Imaging Sonography
amyloidosis, coagulation disordersand adapt further ; ;
m osties accordingly CT chest, abdomen, pelvis (PET/CT not established)

In the case of high IgM and suspicion of hyperviscosity
perform fundoscopic examination

Laboratory analyses Complete blood count

Complete metabolic panel

Serum Ig levels (IgA, 1gG, IgM)

Serum and urine electrophoresis with immunefixation
Serum B2M level

Coagulation status

Viral serology (HBV, HCV and HIV)

If clinically indicated:

s Cryoglobulins -

o Cold agglutinin titre ’

e Screening for acquired von Willebrand disease 3 53, e - -
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e EMG, anti-MAG, anti-GM1 (consultation with ey . 1’&. ; _Q‘_ 0 0" ;x'.\ ‘?-T ‘. ". | .';:-“ei...-é‘.:"

neurologist)



IgM related syndromes (1)

- Hyperviscosity syndrome — 15%

- Blurred vision, headache, dizziness, hearing impairment, confusion,
stroke, bleeding

- Often viscosity is >4.0 cp, IgM >3000 mg/dI

- Symptomatic hyperviscosity syndrome may require urgent
plasmapheresis

- Peripheral neuropathy -25%

- Typically symmetrial, distal, sensory; progressive over years

- 50% associated with demyelinating auto-antibody (MAG, GM1,
sulfatide)

- Some cases with axonal damage
- Post patients have relatively low IgM level
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IgM related syndromes (2)

- Cold-agglutinin hemolytic anemia — 5%

- IgM autoantibody causing clumping of RBCs causing lysis of RBCs
- Cryoglobulinemia — 10%

- IgM precipitate in cold temperature

- Raynaud phenomenon, skin rash, finger tip cyanosis and necrosis
- Amyloidosis — 5%

- Deposition of fibril material to various organs (heart, kidney, bowel,

skin) detected by Congo red staining in BM or fat pad aspiration

- IgM deposition syndromes

- Malabsorption (Gl), cough and dyspnea (lungs), skin rash and
thickening



Raynaud phenomenon

Papilledema with sausage-shaped

(distended and tortutous) retinal veins
and hemorrhage
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Bing Neel Syndrome

- Rare manifestation of WM due - Diagnostic workup

to CNS infiltration by malignant - CSF analysis with multi-

lymphoplasmacytic cells parameter flow cytometry for B-
- Symptoms cell clonality testing
- Headache - Molecular diagnostic testing for
- Cognitive decline mutated MYD88
- Cranial nerve deficits - MRI of brain and spinal cord prior
- Paresis to lumbar puncture to exclude
- Psychiatric symptoms mass effect and/or obstructive

hydrocephalus and avoidance of
non-specific meningeal
enhancement
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Genomic Mutations in WM

- Activating MYD88 as well as nonsense and frameshift
WHIM-like CXCR4 somatic mutation are common in WM
- MYDS88 L265P mutation was found in 90-95% of WM patients
- CXCR4 mutations (CXCR4WHIMINS and CXCR4WHIM/FS ) were found
In 30% of WM patients
- CXCR4 NS mutations are present in aggressive cases

Including hyperviscosity syndrome, and MYD88 status is
a determinant of survival

Treon SP, et al. Blood 2014;123:2751-2756



WM MY D88 Mutations

80-100% of WM patients

10-80% of IgM MGUS, higher risk of
progression to WM

Help distinguish WM from others
(IgM MM, MZL, CLL)

MYD88 L265P pts more likely to
have higher IgM than MYD88 WT
MYD88 L265P induces BTK in WM
cells

MYD88 WT occurs in <10% of
patients and should not be used to
exclude diagnosis of WM if other
criteria are met

93-95% MYD88 L265P
2% Non-L265P MYD88

Treon Set al N Engl J Med. 2012 Aug 30;367(9):826-33,
Treon et al N Engl J Med. 2015 Aug 6;373(6):584-6,
Jimenez et al Leukemia. 2013 Aug;27(8):1722-8,



CXCR4 WHIM (Warts, Hypogammaglobulinemia,
Infection, and Myelokathexis)

- 30-40% of WM patients

- >30 nonsense, frameshift
mutations

- High serum IgM levels/
hyperviscosity

- Promote ibrutinib resistance
through enhanced AKT/ERK
signaling

.

Wild-type CXCR4 WHIM-mutated CXCR4

CXCL12 CXCL12
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Hunter ZR et al. Blood. 2014 Mar 13;123(11):1637-46
Treon S et al. Blood. 2014 May 1;123(18):2791-6
CaoY et al Leukemia. 2015 Jan;29(1):169-76



Clinical Presentation S338X
/"

Clinical MY D88L265P MY DZg88L265P MY D88L265P MYDS88WT
Characteristics CXCRA4WT CXCR4WHMFS  CXCR4WHIM/NS CXCR4AWT
IgM M M T 1
BM infiltration (i 11 M1t 1
Sensitivity to BTK
inhibitors m M 1 l
Incidence. % ~60 27-40 27-40 <10

Patients with MYD88 and Nonsense CXCR4 mutations (S338X) show high IGM levels,
symptomatic hyperviscosity, and shorter time to initial treatment.

Treon et al, Blood 2014; Schmidt et al, BJH 2015; Abeykoon J, et al. Cancer Manage and Res. 2017.9:73-83;

BTK; Bruton's tyrosine kinase  yyana ot a1’ Neoplasia 2021,



Progression of Waldenstrom Macroglobulinemia

- It Is preceded by a precursor condition called an IgM
MGUS
- WM can be either symptomatic or asymptomatic at initial
diagnosis
- IgM MGUS
- Asymptomatic/ minimally symptomatic Waldenstrém

Macroglobulinemia
- Symptomatic Waldenstrom Macroglobulinemia



- Found in 1 in 600 - Risk factors
persons over age 50 - Abnormal kappa/lambda
- 3x more common than WM ratio
- More common in the * M-spike >1.5 g/dl
elderly - Risk for progression at
. Patients with IgM MGUS 20 years
require lifelong - 2 risk factors: 55%
monitoring - 1 risk factor: 41%

- 0 risk factor: 19%



Asymptomatic/ minimally symptomatic WM

awmrisk.com

- Patients can fulfill diagnostic
criteria for WM without
symptoms related to disease

- Some patients with
asymptomatic WM may not
require therapy for prolonged
periods of time

- 6% at 1 year
- 39% at 3 years

- 59% at 5 years
- 65% at 10 years

Treon SP, et al. Semin Hematol 2023;60(2):97-106.

=0 Patient Results

Patient's Risk Score

6000 | mg/dL
Field allows 0-8000 mg/dL
(reterence: 37-286 me/dl) Patient's Risk Group

Law «05019
Medium 05019 - 18512
>

Median Time to
Progression @

as determined by nisk group

_ 3mgl

Field allows 0:10 mg/L
(reference: 0.7-1.8 mg/L)

= _ Slgdl o
Fleld aliows 0-10 g/dL
(reference: 3.5-5.5 g/dl) a H 4 & 8

Calculate Risk Score

Re-Enter Fields




Revised IPSS Waldenstrom Macroglobulinemia Scoring System

Criteria for the Diagnosis of Waldenstrom Macroglobulinemia (only at the time of initial treatment prognostication)

Table 1 Table 2
Points Score* Stage

Age <65 0 0 Very Low
Age 66-75 1 1 Low
Age >75 2 2 Intermediate
B2 microglobulin >4 mg/L |1 3 High
LDH >250 IU/L 1 | 4-5 Very High
Serum albumin <3.5 g/dL 1 *Sum of total points in Table 1

Stage Score 3-year WM related mortality S-year 05 10-year 05 nA Very low
Very low 0 0% 95% 84% :; 08
Low 1 10% RE% 59% T
a 04

Intermediate 2 14% 78% 37%

) 02
High 3 38% A47% 19% —— — Intermediate
Very high 4-5 48% 36% 9% 00 Sy e

a 1 [ a 12 15 18 21
‘fears Since Starl of Therapy

Kastritis E, et al. Leukemia 2019:33:2654-2661.
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Indication to start treatment in WM

Clinical indications for initiation of therapy

Recurrent fever, night sweats, weight loss, fatigue WatCh an d Wait

Hyperviscosity

Lymphadenopathy: either symptomatic or bulky (=5 cm in maximum ¢ M O n ito ri n g With CI i n iC Vi SitS
diameter)
— and lab tests
ymptomatic hepatomegaly and/or splenomegaly
Symptomatic organomegaly and/or organ or tissue infiltration ° C BC Wlth d Iﬁe re ntl al COU nt

Peripheral neuropathy because of WM ° Ig M Ievel

Laboratory indications for initiation of therapy

- Symptoms (hyperviscosity
syndrome, tumor mass or
Autoimmune hemolytic anemia and/or thrombocytopenia Inflltratlon’ eﬁeCtS Of IgM)

Nephropathy that is related to WM @ Chem IStry panel
Amyloidosis that is related to WM ° I maging if needed

Hemoglobin =10 g/dL

Symptomatic cryoglobulinemia

Symptomatic cold agglutinin anemia

Platelet count <100 x 10"L Meletios A, et al. Blood 2019;134;2022-2035
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ASYMPTOMATIC OR MINIMALLY SYMPTOMATIC WM FOLLOW-UP

Low Risk
Median time to

Monitor every 12
|_> months with CBC,
progression: 9.2 years

CMP, SPEP, serum
immunoglobulins

Calculate asymptomatic
Waldenstrom macroglobulinemia

Asymptomatic |_> (WM) risk score usingk:

Monitor every 6
Intermediate Risk I_. months with

or minimally * Bone marrow involvement (%)

sympiomaticj * Serum IgM level (mg/dL)

* Serum beta-2 microglobulin
level (mg/L)

* Serum albumin level (g/dL)

Median time to CBC, CMP,
progression: 4.8 years SPEP, serum
immunoglobulins

Monitor every 3

High Risk months with
Median time to CBC, CMP,

progression: 1.8 years SPEP, serum
immunoglobulins

INDICATIONS FOR TREATMENT

Sym ptoms' related to:

* Hyperviscosity™

* Neuropathy

* Organomegaly

* Amyloidosis

* Cold agglutinin
disease”

* Cryoglobulinemia™

* Anemia and other
cytopenias

* Bulky adenopathy

* B symptoms

* Cytopenias

Primary
Treatment

— | (WM/LPL-
3)
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o - SCUSSION
Network Lymphoplasmacytic Lymphoma -
PRIMARY MANAGEMENT AFTER
TREATMENT® PRIMARY TREATMENT RELAPSE
Consider previously used
regimens, if well tolerated
If treated with and had a prolonged
Plasmapheresis fixed-duration response’ see WM/ILPL-B

for symptomatic
hyperviscosityP
and

Primary therapy,
see WMILPL-B
or

Clinical trial

If transformation,
see NCCN
Guidelines

for B-Cell

hlstﬂlo-gi{:

Transformation
of Indolent
Lymphoma to
Diffuse Large
B-cell Lymphoma
(DLBCL)

chemoimmunotherapy
regimens

If treated with BTK

Observes:! until progressive disease™"

Continue treatment until
symptomatic disease

inhibitor regimens

If persistent

- Er ression (beyond
iochemical progression) or

unacceptable toxicity

symptomsa

¥

Progressive

No response/ |
|

disease’

L

Choose alternative therapy,
see WM/LPL-BY

If transformation, see NCCHN
Guidelines for B-Cell Lymphomas,
Histologic Transformation of
Indolent Lymphoma to DLBCL
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Treatment of WM

- Plasmapheresis
- For rapid reduction of IgM protein level
- Does not treat the underlying lymphoma

- Cytoreduction therapy
- To reduce the lymphoma disease burden
- To reduce IgM production

- Maintenance therapy



Plasma exchange temporizes hyperviscosity

- Plasma exchange o . »
. Citrate Pump P g
(plasmapheresis, PLEX) D &g |
- Removes excess IgM 10 g e
- To relieve hyperviscosity b -
syndrome | [ Ve

- To bring IgM to <4000
mg/dl| prior to planned
treatment (eg. Rituximab)

- Single PLEX Is often | 5
- https://www.arthritiscenters.net/resource/plasma-
sutricient exchange-plasmapheresis/
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IWWM-11 RESPONSE CRITERIA FOR ASSESSMENT OF DISEASE RESPONSE IN WM/LPL'
Response? Serum Monoclonal IgM Serum IgM Level Bone Marrow Aspirate Extramedullary disease
pon g and Trephine Biopsy y

Complete Response (CR)

Very good partial response (VGPR)

Partial response (PR)

Minor response (MR)

Stable disease (SD)

Progressive disease (PD)

Nonevaluable (NE)

Absence of monoclonal
IgM protein by SPEP
and IFX.

Within normal range

=90% reduction in serum IgM levels or within
normal range

=50% to <90% reduction in serum IgM levels

=25% to <50% reduction in serum IgM levels

<25% reduction to <25% increase in serum
M levels

=25% increase in serum IgM levels with

a minimum increase of mg/dL from
nadir. Reconfirmation is required by 2
sequential (back-to-back) measurements if
the serum IgM is being used to su rt FD.
Demonstration of PD |mag|ng

require re-confirmation_2+¢

Suspected IgM flare or IgM rebound,
absence of or suspected error in data

reporting

Normal morphol
no evidence of L
involvemnent.

une uivocal evi

prewou
sites from their nadir measurements.

Absence of extramedullary
disease if present at baseline.
See critena for determination
of resolution of extEmedullar}r

disease.

Any new Iesmn'éﬂ 5 cm in any axis) or

ence of an increase
in any axis to >1.5 cm in size
|nvolv\ed extramedullary disease

Any new lesion consistent with
transformed disease.
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PRIMARY THERAPY FOR WM/LPL®P

(Order of regimens is alphabetical and does not indicate preference)

Preferred Regimens

* Bendamustine/rituximab

« Ibrutinib® * rituximab (category 1)
« Zanubrutinib® (category 1)

Other Recommended Regimens

« Bendamustine

« Bortezomib/dexamethasone/rituximab
« Carfilzomib/rituximab/dexamethasone
* [xazomib/rituximab/dexamethasone

+ Rituximab

» Rituximab/cyclophosphamide/dexamethasone £
bortezomib

* Rituximab/cyclophosphamide/prednisone
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THERAPY FOR PREVIOUSLY TREATED WM/LPL?.P
(Order of regimens is alphabetical and does not indicate preference)

Preferred Regimens

* Bendamustinefrituximab

* Ibrutinib® % rituximab (category 1)

* Rituximab/cyclophosphamide/dexamethasone

» Zanubrutinib® (category 1)

Other Recommended Regimens

* Acalabrutinib® * Rituximab/cyclophosphamide/prednisone
* Bortezomib/dexamethasone/rituximab * Venetoclax

* [xazomib/rituximab/dexamethasone

Useful in Certain Circumstances

* Bendamustine . FIudarabine."cyclophosphamide!rituximabd

* Cladribine # rituximab4 * Pirtobrutinib

* Everolimus * Rituximab

* Fludarabine * rituximab9 * RCHOP (rituximabl/cyclophosphamide/doxorubicin/vincristine/prednisone)

Hematopoietic Cell Transplant
* In selected patients HCT may be appropriate with either:

» Allogeneic HCT (ablative or nonablative)®
» Autologous HCT
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Neurological

deficits

concerning

Bing Neel

syndrome:

* Headaches

» Seizures

* Cranial nerve
palsies

* Weakness in
limbs

* Atypical
neuropathy

* Brain and entire spine MRI with
gadolinium enhancement

* Lumbar puncture for
cerebrospinal fluid
(CSF) analysis (cytology,
multiparameter flow
cytometry, PCR for IgH gene
rearrangement, PCR for MYD&88
L265P)

Useful in Certain Circumstances

* Biopsy of affected tissue

* Concurrent bone marrow
aspiration and biopsy for IgH
gene rearrangement and MYD88
L265P testing

=

Definitive Diagnosis

* Presence of clonal B
cells in CSF or tissue
biopsy with similar
profile than systemic
disease with or without
leptomeningeal
enhancement or
masses in MRI

Probable Diagnosis

* Abnormal MRI findings
without evidence of
clonal B cells in CSF or
tissue biopsy

Network® Lymphoplasmacytic Lymphoma
MANAGEMENT OF BING NEEL SYNDROME
WORKUP
Essential

Asymptomatic — Observation

Preferred Regimens
* |brutinib

» Zanubrutinib

Other Recommended Regimens
* Bendamustine
Symptomatica’b—l- * Cytarabine

* Fludarabine

* Methotrexate

Useful in Certain Circumstances
* Intrathecal methotrexate

* Radiotherapy
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Mayo Clinic Consensus for Newly Dx WM

Consensus for Newly Diagnosed Waldenstrom Macroglobulinemia
¢ IgM MGUS (<10% + Hemoglobin <11 g/dL ¢ Bulky Disease
lymphoplasmacytic or symptomatic + Profound cytopenias -
infiltration) + Platelets <120 x 109/L - Hemoglobin 10 g/dL
+ Asymptomatic/smoldering || ¢ IgM-related neuropathy - Platelets <100 x10°/L
Waldenstrom’ s + WNM-associated hemolytic + Constitutional symptoms
+ Hemoglobin 211 g/dL anemia ¢ Hyperviscosity symptoms
+ Platelets 2120 x 10°/L + Symptomatic cryoglobulinemia
v
Hyperviscosity symptoms
» “u
Yes No
A Plasmapheresis
| |

(BR)* x 4-6 cycles
o rituximab maintenance therapy

Observation Single Agent

LBendamustine + Rituximab
Rituximabt

Harvest stem cells if =70 years and
potential autologous stem cell
transplantation candidate in future

tplasmapheresis if
hyperviscosity develops with treatment

{1 eycle; no maintenance therapy) ‘

Gertz MA, et al. Am J Hematol 2019;94:266-276.
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Rituximab-based Treatments

- Rituximab alone
- Previously untreated patients (4/8 weekly): ORR 35%/ 60%
- Relapsed disease (4/8 weekly): ORR 25%/ 45%
- DOR 16-29 months

- Rituximab-Chemotherapy combinations (ORR >80-90%)
- R-Bendamustine
- R-Cyclophosphamide-steroids
- R-Purine analogue
- R-Bortezomib-steroids
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Rituximab-induced IgM flare

- Monotherapy (60%)

- Fludarabine/Rituximab (40%)

- Cyclophosphamide/Prednisone/Rituximab (20-30%)
- Thalidomide/Rituximab (50%)

- Lenalidomide/Rituximab (75%)

- Bortezomib/Dexamethasone/Rituximab (9%)

Plasmapheresis should be considered for patients with IgM >5
g/dl or serum viscosity >3.5 cp prior to rituximab treatment
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INNOVATE Study: R-lbrutinib vs Rituximab alone in WM

Patients [%]

-
Key eligibility criteria
+ Confirmed WM* (N=150)
+ Measurable disease
(serum IgM >0.5 g/dL)
= RTH sensitive
= Mot refractory to last
prior RTX-based
therapy
- Had not received RTX
<12 months before

first study dose

o

|

1:1 Randomization

Stratification

* [IPSSWM (low vs
intermediate vs high}

« Mumber of prior
regimens (0 vs 1-2 vs 23)

= ECOG PS (0-1vs 2)

N .

r b

Arm A
Ibrutinib-RTX
Oral ibrutinib 420 mg
once daily until PD
RTX 375 mg/m? IV on
i day 1 of weeks 1-4 and 17-20 )

il k.

Arm B
Placebo-RTX

Placebo until FD
RTX 375 mg/m* IV on

Crossover to
single-agent
ibrutinib allowed
after PD"

| day 1 of weeks 1-4 and 17-20 |

—— Ibrutini-rieimats WYD" Cx CRgs
—— Ibrutiniterituximate MYDEe- CRERFT
—— Iprutini-rinsimat WyDes™ (cxcRa™!

coeeees Placeba-rituximab MYDEE“S CrCRE&
e Plageb-rituximat MyDea > cxcRs"
ceneees Placebo-rituximab MyDea™ | CXCR™

N o
100 ; B Comglete response
o] —— Very good partial response |3
0 73 Partial response
70 B Minor responise
m_
S0 1
0] a7 —a
¥ 7
i B
10|
u_ T T T
Ibrutinib-Rituximab Placebo-Rituximab [

Ibrutinib-rituximab showed superiority outcomes in patients with WM regardless of MYDEE or

CXCR4 mutation status

Time (months)

6 9 12 16 18 2 2 27 30 33 3 9 42 46 4B 51 54 57 6O

M.A. Dimopoulos. N Engl ] Med 2018;378:2399-410.

Christian B. J Clin Oncol .2021:40:52-62.
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ASPEN: Zanubrutinib vs Ibrutinib in WM

. Arm A: Zanubrutinib
=102
. : MYD8E™T WM " ‘
Eligible Patients S - 160 mg BID until PD
N=201 (164 R/R)
Histologic diagnosis of WM Stratification factors Arm B: Ibrutinib
Meeting 21 criterion for CXCR4 status n=99 i
treatment initiation?® (CXCRAWHM ys 420 mg QD until PD
CXCR4™T vs missing)
If treatment naive (TN?), must
be considered unsuitable for Number of prior lines
standard CIT of therapy (O vs 1-3 vs
>3) _—
rm C: Zan ini
No prior BTK inhibitors . ALl iazzl':gm i

160 mg BID until PD

Constantine S. Blood 2020;136(18):2038-2050.
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ASPEN: Zanubrutinib vs Ibrutinib in WM with MY D88-265F

By IRC Time-to-event analysis of atrial fibrillation/flutter events
2VGPR rate difference P = .09 > 100 = Zanubrutinib —— lbrutinib + Censored
& 80 ;
© * Hazard ratio (95% Cls), 0.14 (0.04-0.48);
. VGPR -§ 60 log-rank P = .0005
R B PR 2 40-
- z P ————

g HES -

2 3 -4_,_...-—-'-'_"_"

& S o

Q.

L L Ll L) v L L) L) L) L L

0 3 6 9 12 15 18 21 24 272 30 3

No. of Patients at Risk Months
Zanubrutinib 101 95 94 92 89 81 57 34 15 7 1 0

Ibrutinib Zanubrutinib lorutinib 98 87 83 78 74 66 46 28 13 3 1 0
(n=99) (n=102) S All Grade:
P i Term
Zanubrutinib and ibrutinib are highly effective in the treatment of WM, but . — =
zanubrutinib treatment was associated with a trend toward better response Atrial fibrillation/flutter* 15(15.3)  2(2.0)

quality and less toxicity, particularly cardiovascular toxicity. Constantine S. Blood 2020;136(18):2038-2050.



ASPEN: Zanubrutinib vs Ibrutinib in WM with MY D88-26P

Zanubrutinib Ibrutinib

Mutation status (N=101) (N=98)

MRR VGPR MRR VGPR

Cohort 1

ALL MYD88MUT 77% 28% 78% 19%

MYD88MUTCXCR4WT 82% 34% 82% 24%

MYD88MUTCXCR4WHIM 70% 18% 65%

Constantine S. Blood 2020;136(18):2038-2050.



Genomic Based Treatment Approach to
Symptomatic Treatment Naive WM

BTK-inhibitor {monotherapy)
" | Alternatives: Benda-R, Pl based regimen

MYDg8gMut
CXCR4WT
- Plasmapheresis for
Rapid Response | | severe HV, CAGG, CRYOS, [=» | _ o :ﬂ:ﬁ:ﬁimn
MYD&8 /' Required rapidly progressing IGM PN
CXCR4 MYD8gMut
—
Genotypin CXCR4Mut
typing ~Na Rapid Response | _, BTK-l plus rituximab
\ Not Required Alternative: Benda-R, Pl based regimen
MYD8gWT
CXCRAWT | SN

Benda-R, Pl based regimen

Rituximab should be held for serum IgM>4000 mg/dl

Benda-R for bulky adenopathy or extramedullary disease

Pl-based regimen for symptomatic amyloidosis, and possibleASCT as consolidation

Rituximab alone, or with ibrutinib if MYD88mut or bendamustine for IgM PN depending on severity and pace of

progression Treon, et al. JCO 2020:38:1198-1208.



..., R s I
Future Directions of WM Therapy

- Novel 39 generation BTK inhibitors (pirtobrutinib, ARQ-531)

- Bcl-2 inhibitor (venetoclax, BGB-11417)

- CAR-T Cell therapy

- Targeted therapy to MYD88 or CXCR4

- Novel anti-CD20 monoclonal Ab (obinutuzumab, ublituximab)
- Anti-CD38 monoclonal Ab (daratumumab)

- Anti-CXCR4 monoclonal Ab (ulocuplumab)
- Novel immunomodulatory agent (pomalidomide)



L
Conclusions

- WM is diagnosed with a clonal IgM population and BM
infiltration by a lymphoplasmacytic lymphoma

- WM is preceded by IgM MGUS

- Treatment only with symptomatic patients

- Symptoms requiring treatments are related to hyperviscosity,
tumor mass/infiltration, or direct effects from IgM

- Current treatments include rituximab, alkylating agents and/or
BTK inhibitor

- Future treatments are various and promising
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