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gationalh ~ NCCN Guidelines Version 1.2022
NCCN Canter ¢ Waldenstrém Macroglobulinemia/
Lymphoplasmacytic Lymphoma

Network®
WHO CRITERIA FOR LYMPHOPLASMACYTIC LYMPHOMA AND WALDENSTROM MACROGLOBULINEMIA

« Lymphoplasmacytic lymphoma:

+ 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
Reproduced with permissien from Swerdlow SH, Campo E, Harris NL, et al. World Health O ization Classifi
Tissues, revised 4th edition. IARC, Lyon 2017

NCCN Guidelines Index
Table of Contents
Discussion

of Tumours of Haen tic and Lymphoid

. om macr
+ Lymphoplasmacytic lymphoma wnh bone marrow i and IgM lonal gammeopathy of any concentration
Adapted W||h permission. Owen RG, Treon SP, ALKatle et al. Clini thol | Definition of Wald s Macroglobulinemia: C Panel
from the Second I | Workshop on Waldenstom's Macroglobulinemia. Semin Oncol. 2003; 30:110-115.

WALDENSTROM MACROGLOBULINEMIA INTERNATIONAL WORKSHOP CRITERIA

Proposed Criteria for the Di is of Waldenstrém Macroglot

+1gM menoclonal 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+, sIgM+; CD5, CD10, CD23 can be expressed in some cases of Waldenstrom macroglobulinemia and does not exclude
diagnosis.

Reprinted with permission from Elsevier. Owen RG. Devel

lic criteria in V

5m’s macroglebulinemia. Semin Oncol 2003;30:196-200.

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 86-75 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

's macroglobuli

Adapted with permission from: Kastritis E, Morel P, Duhamel A, et al. A revised international prognostic score system for Walde
Leukemia 2019;33:2654-2661.

Note: All recommendations are category 2A unless otherwise indicated
Clinical Trials: NCCN believes that the best management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged.

ersion 12022, 052421 & 2021 WM/LPL-A
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Network® Lymphoplasmacytic Lymphoma
DIAGNOSIS WORKUP2 INDICATIONS FOR
TREATMENT
Essential

Essential®®
+ Hematopathology
review of all slides
with at least one
paraffin block
representative of the
tumor (Rebiopsy if
consult material is
nondiagnostic)
= Adequate tissue
biopsy for
immunophenotyping
to establish diagnosis
» Typical
immunophenotype:
CD19+, CD20+,
sigM+; CDS5, CD10,
CD23 may be
positive in 10%-
20% of cases and
does not exclude
diagnosis

+ History and physical exam

+ CBC, differential, platelet count

+ Liver function tests (LFTs) as clinically indicated

+ Peripheral blood smear

« Serum BUN/creatinine, electrolytes, albumin, calcium, serum uric acid, serum LDH,
and beta-2 microglobulin

+ Creatinine clearance (calculated or measured directly)

= Serum quantitative immunoglobulins, serum protein electrophoresis (SPEP), serum
immunofixation electrophoresis (SIFE)

« Unilateral bone marrow aspirate and biopsy, including immunohistochemistry (IHC)
and/or multi-parameter flow cytometry

. chasﬂagdominallpelvic CT with contrast when possihle'

S mptoms related to:
Nypemscosny
= MYD88,” L265P AS-PCR testing of bone marrow : og;ggi?;yaw

ful in Certain Circumstan - Amyloidosis

= T = Cold agglutinin See Primary
+ Serum viscosity i
. CXCR4 gene mutation testing for patients being considepd for ibrutinib"« | disease : ——|T—reatment

. Eestmg ;or hepatitis B (if rituximab planned), hepatitis C," and HIV . ﬁn”a‘:,?i';’g‘r','&"“m a WIILPL-2
+ Cryocrit"9

= Consider coagulation and/or von Willebrand disease testing if symptoms present :g;g;?gttﬁ) 3:;;:5
(excess bruising or bleeding) or if clinically indicated disease

= Cold agglutinins

= Neurology consult

« Anti-MAG antibodies/anti-GM1"

« Nerve conduction study (NCS)/electromyogram (EMG)"

+ Fat pad sampling and/or congo red staining of bone marrow for amyloid"

+ Retinal exam (if IgM 23.0 g/dL or if hyperviscosity is suspected)

+ 24-h urine for total protein, urine protein electrophoresis (UPEP), and urine
immunofixation electrophoresis (UIFE)

+ Amyloid tissue subtyping with mass spectrometry, if indicated

+ Brain/spine MRI. if CNS svmptoms

« Bulky adenopathy
+ B symptoms
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Peter Bing MD

MYDS88 L265P Somatic Mutation
in Waldenstrom’s Macroglobulinemia

Steven P. Treon, M.D., Ph.D., Lian Xu, M.S., Guang Yang, Ph.D.,
Yangsheng Zhou, M.D., Ph.D., Xia Liu, M.D., Yang Cao, M.D.,
Patricia Sheehy, N.P., Robert J. Manning, B.S., Christopher . Patterson, M.A,,
Christina Tripsas, M.A., Luca Arcaini, M.D., Geraldine S. Pinkus, M.D.,
Scott ). Rodig, M.D., Ph.D., Aliyah R. Sohani, M.D., Nancy Lee Harris, M.D.,
Jason M. Laramie, Ph.D., Donald A. Skifter, Ph.D., Stephen E. Lincoln, Ph.D.,
and Zachary R. Hunter, M.A.

91% of WM patients positive by

Whole Genome Sequencing Treon et al, New Engl J Med 2012

MYD88 L265P in WM/IGM MGUS

| |METHOD  |TISSUE IGM MGUS

Treon = WGS/Sanger BM CD19* 91% 10%
Xu E=  As-pcr BM CD19*  93% 54%
Gachard Bl PR BM 70%
Varettoni BB AsPcr BM 100%  47%
Landgren = Sanger BM 54%
Jiminez = AS-PCR BM 86% 87%
Poulain Bl PR BM CD19* 80%
Argentou i= PCR-RFLP BM 92% 1/1 MGUS
Willenbacher === sanger BM 86%

Mori (@] AS-PCR/BSIEL BM 80%
Ondrejka B= AS-PCR BM 100%

Ansell B WES/AS-PCR BM 97%

Patkar . AS-PCR BM 85%
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MYD88 Mutation Testing in B-cell LPDs

Negative Zone

Positive Zone

GPCR OCT

HD lgG MGUS  Igd MGUS CLL MM MEL Vi

Figure 4. Real-time AS-PCR results lor MYDS8 L265P in samples from palients with WM_ Igh MGUS, and other B-gell lymphoproliferative diseeders. Vioin plet
represanting AS-PCR difterences in eycle threshold (AC;). The span of grey area for sach cohort represents the kemel density estimation of the samgple distribution, and
highlights the bimodal nature of e data. Box piols with inlerquartle fanges are Shown in Back with an oveday of the individual data points. Samples evaluated were from
healthy denars (HO, n = 40); slong with patents with Ig3 (n = 0) and g (n = 24) MGUS: CLL (n = 28); MM including 3 patients with lght myeloma (n = 14} MZL [n = 20,
and WM (n = 104). The light grey bar represants the distance batween the highest positive (7.3), and lowes negative (3.6) sarmgle AC, values. Circled area depicts results for
3 IgM MGUS patienls who progressed o Wi

Xu et al, Blood 2013

Progression of disease in IgM MGUS is related

1.004

MYDB8(L265P)
MYDE8 WT

* Absence of MYD88 and CXCR4
mutations in IGG and IGA MGUS.

* Mutated MYD88 and CXCR4 detected
in 50 to 90% and 20% of IGM MGUS
patients, respectively by AS-PCR.

* Presence of mutated MYD88 is an |——

independent risk factor for : r

o
)
A

Cumuiative Incidence of Progression
o o
el @
B 2

o
o
=

10 15 P
. Tima (years)

progreSS|0n . Figure 1. Cumulative probability of progression to WM or to other LPDs in

patients with lgM-MGUS according to their MYDSS mutational status.

Varettoni study: IGM MGUS patients subjected to AS-PCR. 71/138 Positive for MYD88
L265P. 11 progressed during follow-up (median 34 mos). 9/11 (82%) to WM, 8 of
whom were MYD88 mutated; 2 to MZL (18%), 1 of whom was MYD88 mutated.

Varettoni et al, BLOOD 2013; Jimenez et al, Leukemia 2013; Xu et al, Blood 2013
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MYDS88 status for classification of B-cell LPDS.

MYDS88 status used to re-evaluate pathological diagnosis in 138 patients with B-cell LPDs. Mutation status was
integrated with histologic and clinical data. Reclassification using molecular status is shown for five patients.

TABLE 2. Summary of Features of Reclassified Cases

Case Initial Light-chain Restriction by Revised Diagnostic Bone Marrow Serum IgM
No Diagnosis Plasma Cells Diagnosis Sample Splenomegaly Involvement Paraprotein (g/L)
1 NMZL e LPL LN Absent Present 24.0

2 BCL-NOS vs K LPL BM Absent Present 11.0

EPL

3 BCL-NOS K LPL BM Absent Present 10.3

4+ SMZL K LPL SPLEEN Present Present 7.3

5 SMZL iy LPL SPLEEN Present Present 5.1

BM indicates bone marrow: LN. lvmph node.

Martinez-Lopez et al, Am J Surg Pathol 2015.

9
Differential Diagnosis of suspected
non-MYD88 mutated LPL/WM
Diagnosis | N= | Age Gender BM | sIgM Hb Adenopathy | Splenomegaly
(yrs) | (% male) | (%) | (mg/dL) [ (g/dL) | (%) (%)
‘ WM 46 | 585 |48 35 | 2,980 110 | 35 28
P
w 7 |59 71 60 (8375 ) [90 14 14
MZL 6 | 645 |0 10 | 1,642 113 |67 33
lgMPC\\ 3 |62 33 5 1,846 139 |0 0
MGUS \
CLL 1 \\83 0 5 1,822 132 |0 0
DLBCL 1 ﬂs\ 0 5 355 9.5 0 100
N\
t(11;14); Cyclin D1 over-expression
N=64
Treon et al, BJH 2017
10
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MYD88 Testing for LPL/WM Extramedullary Pathology

Bing Neel Syndrome Malignant Pleural Effusions

Poulain et al, BJH 2014 Gustine et al, BJH 2016

Other studies: Himecke-Jiwa et al, Hematol Oncol 2018; Pan ST, et al, Pathol. Intl. 2019;

11
High risk of transformation
and poorer survival accompany MYD88Wild-Tyee | p| AWM
20 b e g "“": .
gd H__lh\_ IH" :é;-
: Lo,
33 — so
i i
S e T e o -
Months from Waldenstrom diagnosis 0 24 48 72 96 120 144 168 192 216 240
MYDB88 MUT/CXCR4 WT = ===+ MYD88 MUT/CXCR4 MUT Monifs from Waldensirom diagnosis
— = MYD88 WT/CXCR4 WT ‘_ Hodarbmhon s T
Transformation risk for MYD88 WT
+0dds#ratio 23-3; 95% Cl 4-2-233-8; p<0-001).
Treon et al, Br. J. Hematol. 2018; Zanwar et al, Am J Hematol 2020; Mian et al, Blood 2019 (134: Abst 5248); Wang et al, Neoplasia 2021.
12
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Response to BTK-Inhibitors is lower in non-MYD88 mutated (MYD88 wild-type) WM.

Ibrutinib
— = [
st OXCRA™ g2
Laree | o | B | G | e | . —
O-wﬂlkﬂnuméml -n0. (%) 90 5% 100% BS 4% SD% <|) 01 2; T MYD88 Mutated
.
oo Response Fate oo (4] ] (R
_ i 228 2% bt £, | “Lee MYDBBICXCRA
| Mutated
s | MYDBBICXCR4

Very good partial responses-na. (%] o o B iickon 4
:

09 09 09 03 038 [— MYDRMTCHCANT = = == - MO GG

Zanubrutinib

MYD88 Mutated

ASPEN: Efficacy — Response by IRC (Data cutoff: 31 August 2019)
TS e premT—— MYD88 Wild-Type ~ h e
Overall ITT “ =
o pSC  p Proteasome

2 i (s w5 e _

. ORR 23 81% A/Taum N\
® Maior (PRor 13 50% @ A VA A
i better) \A ..... o B o R o )
VGPR 7 27% Canonical NFKB  Non-Canonical NFKB

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
CReVGPR Rate differonce = 10.2!(-1.5, 22.0)
-value = 0.0921

Treon et al, NEJM 2015; JCO 2021; Tam et al, Blood 2020; Dimopoulos et al Blood Adv 2020; Hunter et al, Blood Adv 2018.

13

p) Driver Mutations in WM patients
|WMF without MYD88 mutations but gene expression overlaps
with those who have the MYD88 mutation

Walde;

TLVIA
[akl]
[A:VEL]
QI9NIN
ZI9NN
Vowax
€5dL
Wiv
PHIXD
€INd1d
THOLON

z
E
E a0 " "“. I MYD8BMWTCXCR4MUT
= EEN o e
pS [ MYD8B“VUTCXCR4™T™
[ HD Memory B-cell

& @ HD Peripheral B-cell
[@ HD Plasma Cell

AN -
[ |
H N
[ |
L ]
[¢]

] |
U

Principal component analysis of top

o 500 high variance genes.

N Two variants observed in this patient === Epigenetic Signaling
NF-KB Signaling s DNA Damage Response

Hunter et al, Blood Adv. 2018

14
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Challenges of MYD88 detection in WM:
Comparison of AS-PCR vs. Next Generation Sequencing
MYD88 L265P
AS-PCR NGS 1in3WM
True Positive — no. 391 259 .
True Negative — no. 23 23 patlents
False Positive — no. 0 0 truly positive
False Negative — no. Q 132
Concordance (x)- % Ref. 68 (0.19) for MYDS88 can
Sensitivity (95% CI) — % Ref. 66 (61-71) :
sﬁscng !%5% Ch-% Ref. 100 (83-100) be missed by
PPV (95%Cl) - % Ref. 100 (96-100) NGS.
NPV (95% CI) — % Ref. 15 (10-22)
A. Kofides
P=0.001
100
- WM patients
§ with lower BM
2 disease(<20%)
§ 40- involvement
20 are more likely
od to be
Overall 0-20 21-40 41-60 61-80 81-100 misclassified
Bone marrow involvement (%) by NGS
J. Gustine ]
Kofides et al, Hemasphere 2021
15
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DIAGNOSIS WORKUP2 INDICATIONS FOR
TREATMENT
Essential
+ History and physical exam
+ CBC, differential, platelet count
+ Liver function tests (LFTs) as clinically indicated
+ Peripheral blood smear
« Serum BUN/creatinine, electrolytes, albumin, calcium, serum uric acid, serum LDH,
and beta-2 microglobulin
o be + Creatinine clearance (calculated or measured directly)
Essential™ = Serum quantitative immunoglobulins, serum protein electrophoresis (SPEP), serum
. :-_I:J:'\ea\:‘oopfa;“oslﬁ zs immunofixation electrophoresis (SIFE)
A « Unilateral bone marrow aspirate and biopsy, including immunohistochemistry (IHC i .
with at least one and/or multi-parameter flow cytometry pey 9 v (HE) N ?&&T:c‘;:lif;ed tor
paraffin block + Chest/ahdominal/pelvic CT with contrast when possible « Neuropathy
representative of the « MYD88,“ L265P AS-PCR testing of bone marrow + Organomegaly
tumor (Rebiopsy if + Amyloidosis
consult material is ful in Certain Circumstan - Cold agglutinin See Primary
nondiagnostic) —»|* Serum viscosity . i i ) L = disease Treatment
* Adequate tissue * CXCR4 gene mutation testing for patients being conmdepd for ibrutinib® « Cryoglobulinemia (WM/LPL-2)
biopsy for _ + Testing for hepatitis B (if rituximab planned), hepatitis C," and HIV « Ariemia and
immunophenotyping « Cryocrit"9 other cytopenias
to establish diagnosis + Consider coagulation and/or von Willebrand disease testing if symptoms present associated with
» Typical (excess bruising or bleeding) or if clinically indicated disease
immunophenotype: « Cold agglutinins « Bulky adenopathy
CD19+, CD20+, + Neurology consult" + B symptoms
slgM+; CDS, CD10, « Anti-MAG antibodies/anti-GM1"
CD23 may be « Nerve conduction study (NCS)/electromyogram (EMG)"
positive in 10%- + Fat pad sampling and/or congo red staining of bone marrow for amyloid"
20% of cases and + Retinal exam (if IgM 23.0 g/dL or if hyperviscosity is suspected)
does not exclude + 24-h urine for total protein, urine protein electrophoresis (UPEP), and urine
diagnosis immunofixation electrophoresis (UIFE
+ Amyloid tissue subtyping with mass spectrometry, if indicated
+ Brain/spine MRI. if CNS symptoms

16
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WMF

International Waldenstrom’s

d
I

Plenary Paper

Macroglobulinemia Foundation

LYMPHOID NEOPLASIA

Key Points

The genomic landscape of Waldenstrom macroglobulinemia is
characterized by highly recurring MYDS8 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,' Roben J. Manning,"
Christina Tripsas,' Christopher J. Patterson,’ Patricia Sheehy,' and Steven P. Treon'?

‘Bing Center for Waklens ¥ b's Macroghabuinemis, Dar-Fartber Cances Instite. Bosion, MA. “Depatment of Pathology nd Liborsiory Medicine, Bas bn
Uriversly Schod of Graduale Medical Scences, Boston, MA. and *Harvax Medical School, Bosion, MA

The genetic basis for ) remains to be clarified.
Although 6q losses are commonly present, recurring gene losses in this region

present in WM, including
MYDB8 L265P, warts,
hypogammaglobulinemia,
infection, and myelokathexis-
syndrome-fike mutations in
CXCR4, and ARID1A.

= Highly recurring ions are

emai (WGS)in30
WM patients, which included germiinetumor sequencing for 10 patients. Validated somatic
MYD88 CXCR4, and ARIDTAhat were
present in 80%, 27%, and 17% of patients, respectively, and included the activating
mutation L265P in MYDS8 and warts, hypogammaglobulinemia, infection, and

yndrome-Jik: in CXCRA that previously have only been
described inthe germline. WGS also eopy number (CNAs) and
structursl variants in the 10 paired patients. The CXCR4 and CNA findings were

Small, previously

CNAs affecting B-cell
regulatory genes are highly
prevalent in WM.

validated in tsol147and 30 3
Validated gene losses due lo CNAs involved PRDMZ (83%), BTG (87%), HIVEPZ
(TT%), MKLN1 (77%), PLEKHG1(T0%), LYN (60%), ARID 18 (50%), and FOXP1 (37%).
Losses in PLEKHGT, HIVEP2 ARID1B, and BCLAF1 constiluled the most com-
mon deletions within chromosome 6. Although no recurrent transiocations were

observed, in 2 patients deletions in 6q corresponded with iranslocation events. These studies evidence highly recurring
somatic events, and provide a genomic basis for understanding the pathogenesis of WAL (Blood. 2014;123(11):1637-1646)

Discovery of CXCR4 mutations in WM

30-40% of WM patients carry CXCR4 mutations

-2013-

Hunter et al,
Blood 2013

17

extracellular

CXCR4 receptor C-terminal domain (WHIM-like)
mutations are common in WM

CXCR4 mutations
Non-sense
Frameshift

-

intracellular

>40 different types of CXCR4
mutations reported so far

Adapted from Kahler et al, AIMS Biophysics, 2016;
Hunter et al, Blood 2014; Poulain et al, Clin Cancer Res. 2016.

<
~

Most common \
/ mutation is S338X

\

18
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MYD88 and CXCR4 Mutations

Clinical Presentation

Clinical MYD88L265P MYD88L265P
Characteristics CXCR4WT CXCR4WHIM/FS
|g|V| TT TT

BM infiltration "1 M
Sensitivity to BTK

inhibitors m )
Incidence, % ~60 27-40

/

e
MYD88.-265P MYD88WT
CXCR4WHMNS  CXCRAWT
T 1
" T
i !
27-40 <10

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

BTK; Bruton’s tyrosine kinase Wang et al, Neoplasia 2021.

Treon et al, Blood 2014; Schmidt et al, BJH 2015; Abeykoon J, et al. Cancer Manage and Res. 2017;9:73-83;

19
Time to Treatment and OS based on CXCR4 mutation status in WM/LPL patients
MD Anderson Study
F 00 - Trested CXCRAYT S (n=gz) £ 1001 " _CXCR4™ ™' " (n=43
= —_— UT (MEMS) £
Treated CXCR4Y n=11) € ,
E ( ]'E e CXCRAMUT NSNS o g
“ —
Z = P=0015 £ sol
o
p g
= . l"‘i. e e o= = . "G‘ . P=0,05
50 100 150 [i] 100 2040 Xoa
Manth Manth
Wang et al, Neoplasia 2021
20
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Mutated CXCR4 permits ongoing
pro-survival signaling by CXCL12

CXCR4 receptor remains active-
and does not downmodulate . ...
following CXCL12 binding in CXCL12

CXCR4 mutated patients . A~

Bone Marrow Stroma

Drug resistance

4
30_40%_) of Plerixafor
WM patients PAKT and pERK Mavorixafor
have Ulocuplumab
mutations in
CXCR4 WM Cell

Cao et al, Br J Haematol. 2015 Mar;168(5):701-7; Roccarro et al, Blood. 2014 Jun 26;123(26):4120-31

21
Ibrutinib Activity in Previously Treated WM:
Update of the Pivotal Trial (median f/u 59 mos)
. MYDSSMUT MYDSSMUT MYDSSWT
All Patients CXCRAWT CXCRAMUT CXCRAWT 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, NEJM 2015; Updated JCO 2021
22

11
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Ibrutinib in Previously Treated WM: Updated PFS

All patients MYD88 and CXCR4 Mutation Status
A 84 B g
Log-rank p<0.001
w
©d 25171 MYD88 Mutated
= 3 i  FR——
£ So i L,
i B8 -
H ® i L4~ MYD88/CXCR4
aw i
£ s | MYD8B/CXCR4 Mutated
& g | Wild-Type
°% i 2 3 3 5 8
2 Years from ibrutinib initiation
= T . T e : ) Number at risk
0 1 2 3 4 5 6 MUTWT 36 34 26 25 18 14 0
Years from ibrutinib initiation MUTMUT 22 16 13 10 8 5 0
Number at risk WTMWT 4 1 0 0 o 0 0
2) 81 £l 2 2 18 2 MYDEBMUT/CXCRAWT = = MYDESMUT/CXCR4MUT
| 95% Cl Survivor function | = = = = MYDBSWT/CXCRAWT

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

Treon et al, NEJM 2015; Updated JCO 2021

23
INNOVATE Study in WM
Treatment Naive + Previously Treated
45 centers in 9 countries
1:1
Rangdetmization ||| ||||
@ ARM A: ibrutinib 420mg
- —‘ - + Rituximab 375mg/m? x 8
1 111 111 infusions (weeks 1,2,3,4,17,18,19, and
! 20)
: T A ARM B: Placebo
! + Rituximab 375mg/m? x 8 infusions
X (weeks 1,2,3,4,17,18,19, and 20)
| N=31
I— -
ARM C: ibrutinib 420mg
Subjects considered
refractory to prior rituximab
ABC patients genotyped for MYD88 and CXCR4
24

12
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Progression-Free Survival Benefit:
Impact of MYD88/CXCR4 Genotype

—— Ibrutinib-rituximab MYD88“*/CxCR4"HM
—— Ibrutinib-rituximab MyDes"“ = cxcaa™™
—— Ibrutinib-rituximab MYDES*ICXCRA®T e Placebo-rituximab MYDag" CXCRa™T

+++2o Placebo-rituximab MYDE8* ¥ cxcRa ™
-+++++ Placebo-rituximab MYD88 " CxCRAT

PFS (%)

# CXCR4 mutated

o0 3 6 89 12 15 18 21

Time (months)

24 27 30 33 36 39 42 45 48 51 54 57 60

Buske et al., J Clin Oncol 2021

25

CXCR4 Nonsense variants with high clonality impact ibrutinib PFS outcomes

NS vs. FS CXCR4 Mutations

High vs. Low NS Clonality CXCR4 Mutations

8

- 100
g
H E 75 4
o =
8 B 2
Q o
o m
& % 50

N =

o g

Log-rank P < 0-001
g| **® g 251 —— cxcre'T
=] T T T T T o —— CXCR45 Low clonality
12 24 36 48 €0 72 —— CXCR4™: High clonality P=0.0001
Months from ibrutinib initiation o T T T T T T
Wg‘ggﬂal 3?'7’ 12 78 49 30 20 2 0 0 2 2 58 “ & &
4 1 1 T
CXCR4 NS 49 a1 14 1 3 1 0 Time from ibrutinib initiation (months)
CXCR4FS 19 13 7 4 2 2 0
on ki CXCR4 NS High clonality >25%
- — = - CXCR4 FS =

Castillo et al, BJH 2019; Gustine et al, Blood Adv 2019
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Zanubrutinib: Response by Genotype (ASPEN)

Zanubrutinib Ibrutinib
(N=101) ((YEE))

Mutation status

Cohort 1
ALL MYD88MUT

MYD88MUTCXCRAWT

MYD88MUTCXCR4WHIM

1. Tam et al. Blood 2020;136(18):2038-2050. 2. Dimopoulos et al. Blood Adv 2020;4(23):6009-6018.
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Challenges of CXCR4 detection in WM:
Comparison of NGS against AS-PCR/Sanger

1 P<0.0001

81%

3% 7%

False Negative Rate (%)

0
9
8
ki
& 53%
5
4
3
2
1

2

N b '\Q '19 :‘;Q ’Eb "DQ h‘b :\Q S @
& TS S S

A

o

Bone Marrow Involvement (%)

Sensitivity for mutated CXCR4
J. Gustine detection was’by NGS and
unselected BM. Low BM

involvement and clonality
impacted detection.

Gustine et al, BJH 2021
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MD Anderson Sequencing Approach for MYD88 and
CXCR4 mutations in WM

Routine clinical workup performed by the CLIA- certified molecular
diagnostic laboratory in UT MD Anderson Cancer Center. MYD88
L265P was determined by AS-PCR and CXCR4 mutation status

MYDES

CXCRA

P83 1
sF181 | r

wuce i | 1

(codons 291-353) by targeted NGS. For targeted NGS, genomic il I | I "
DNA extracted from the bone marrow aspirate was used for el Bl I I 1
preparing sequencing libraries with molecular barcodes using the i I I
Agilent HaloPlex Target Enrichment System (Agilent Technologies), :::;'"ﬁ LLICAEE T ll '
followed by bidirectional paired-end sequencing using the Miseq
sequencer (lllumina Inc.). lllumina Experiment Manager, MiSeq
. . . . a0%
Control Software, Real Time Analysis, Sequence Analysis Viewer, 20%
MiSeq Reporter, and Agilent SureCall were utilized for experimental 0%
setup and NGS data analysis. Although the NGS assay is capable of gg‘,__;
achieving sensitivity of 1%, the effective lower limit of detection of 40% ;
the assays used for clinical workup was determined to be 5% to o
10% taking into consideration the depth of coverage and the ability 10% I 52
to confirm low-level mutations using independent conventional O e - .
latf F L .{a‘*’qq»} \)‘"{,\Qg\ gl
platforms. LB ELE P @“ny&;\ &8

Wang et al, Neoplasia 2021

29

»
»

Cell-free DNA analysis for MYD88-255P and CXCR4S338X
mutations in Waldenstrom macroglobulinemia.

Viariable BM  cfDNA BM  cfDNA
o o o o |Adustedtest
0 5 0 2 performance findings for
Concordance (Cohen k) — Ref 82 Ref 91 cfDNA using both BM19+
%. (0;5) (0(-;775) and BMMC fractions as
o T ] _ .
Sensitivity (95% Cl) — % Ref. (59-92) Ref. (24-94) reference tissue.
g s 100 100
Specificity (95% Cl) — % Ref. (31-100) Ref. (77-100)
100 100
38 89 Demos et al, AJH 2021
9 - 00 . .
NPV (95% CI) - % Ref. 1074y Ref  (6s.08)
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National NCCN Guidelines Version 1.2022 NCCN Guidelines Index
omprenhensive .. . .
@] Comcor Waldenstrém Macroglobulinemia/ Taieofcomenss
o .
Network Lymphoplasmacytic Lymphoma

NCCN Categories of Evidence and Consensus
Category 1 Based upon high-level evidence, there is uniform NCCN consensus that the intervention is appropriate.
Category 2A  Based upon lower-level evidence, there is uniform NCCN consensus that the intervention is appropriate
Category 2B Based upon lower-level evidence, there is NCCN consensus that the intervention is appropriate
Category 3 Based upon any level of evidence, there is major NCCN disagreement that the intervention is appropriate.
All recommendations are caiegory 2A unless otherwise indicated

NCCN Categories of Preference
Interventions that are based on superior efficacy, safety, and evidence; and, when appropriate,
affordability.

Preferred intervention
Other recommended  Other interventions that may be somewhat less efficacious, more toxic, or based on less mature data;
intervention or significantly less affordable for similar outcomes.

Useful in certain
circumstances

All recommendations are considered appropriate.

Other interventions that may be used for selected patient populations (defined with recommendation)

* Category 1 studies are generally supported by large randomized trials

* Category 2 studies are generally supported by prospective Phase Il trials. Larger multicenter studies,
with confirmed findings generally rate 2A.

* Category 3 studies may include small patient series, or retrospective data analysis.

Verson 12022, 062421 2021 NGCN Gukletres® i an form it OO cATA
Printed by Steven Treon on 01 672021 2:01:32 PM. For personal use only. for distrbution 1 National Network. inc.. All Fights Reserved
ggﬁrint:pnraelhensive NCCN Guidelines Version 1.2022 NCCN Guidelines Index
fetere ol Cancer Waldenstrom Macroglobulinemia/ %
® - Discussion
Network Lymphoplasmacytic Lymphoma
PRIMARY THERAPY FOR WM/LPL?
(Order of regimens is ical and does not indicate preference)
Preferred Regimens
+ Bendamustine/rituximab * Rituxir y i hasone
- Bortezomib/dexamethasone/rituximab® « Zanubrutinib (category 1)
« Ibrutinib  rituximab (category 1)
Other Rec Regimens
* Bendamustine + Fludarabine £ rituximab®
- Bortezomib % rituximab® « Fludarabine/cyclophosphami
- Bortezomib/dexamethasone .l ib/rituxin
i ib/rituxi e * Rituximab
+ Cladribine % rituximab® * Rituxim yelof p ide/pr
2 See General Considerations for Systemic Therapy for WWLPL (WM/LPLB 1 of 4).
b Consider for patients presenting with symptomatic hypenviscosity, or in whom rapid IgM reduction is required.
=May be associated with disease transformation and/or development of MDS/AML in patients with Waldenstrém macroglobulinemia. Continued
MNote: All recommendations are category 2A unless otherwise indicated. References
Clinical Trials: NCCN believes that the best management of any patient with cancer is in a elinical trial. Participation in clinical trials is especially encouraged.
WMILPL-B
‘Verson 12022, 0624721 & 001 Kol Compranensve Cancar Natory® (NCCN®), Al Fgnts eseiee y ot e raprocuceain any neen 20F4
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STIL GROUP STUDY: Bendamustine-Rituximab vs. CHOP-R
Bendamustine plus Rituximab (B-R)

B B-R B-R B-R B-R B-R
29 57 85 113 141

M. Rummel
Bendamustine 90 mg/m2 day 1+#2 29+30 57+58 85+86 113+114 141+142 L ©

Rituximab 375 mg/m? day 0 29 57 85 113 141

Randomization
CHOP plus Rituximab (CHOP-R)

CHOP CHOP-R  CHOP-R CHOP-R  CHOP-R CHOP-R

R

Tag 0 1 64 85 106

CHOP day 1 22 43 64 85 106 ,
Rituximab 375 mg/m? day 0 22 43 64 85 106 Rummel M. et al, ASH 2008

Waldenstrom patients characteristics: B-R vs CHOP-R

N=40
Bendamustine-R

(n=23)
65 yrs 64 yrs
100 % 100 %

3.2 34
2.790 1.690

11.220 - 1.100 8.510 - 900
10,2 9,9

Rummel M, et al. Third International Pt Physic Summit on WM. May 1-3, 2009; Boston, MA.
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PFS: Benda-R vs CHOP-R in frontline WM

Py d on the Vth Inter Workshop on ‘s M Stockholm, Oct 15-19, 2008

35
INNOVATE Study Design C.Buske
e " ( ) M. Dimopoulos
Key eligibility criteria lbru?I;beRTx
+ Confirmed WM?= (N=150) Oral ibrutinib 420
« Measurable disease 1:1 Randomization o en
(serum IgM >0.5 g/dL) Stratification once cally un2|
" RTX 375 mg/m? IV on
+ RTX sensitive « IPSSWM (low vs day 1 of weeks 1-4 and 17-20
- Not refractory to last intermediate vs high) \ J
prior RTX-based « Number of prior '8 ArmB )
therapy regimens (O vs 1-2 vs 23) Placf:ll::s-RT)( Crossover to
- Had not received RTX « ECOG PS (0O-1ws 2) Pl b +i PD single-agent
<12 months before aceno un '2 ibrutinib allowed
first study dose RTX 375 mg/m IV on after PD®
\ y L day 1 of weeks 1-4 and 17-20 )

ECOG PS. Eastern Cooperative Oncology Group perforrmance status; IPSSWM, international Prognostic Scoring System for Waldenstrém's Macroglobulinermia; IRC, independent

review committee; |V, intravenous; PD, progressive disease.

‘Previously untreated patients were allowed to enroll following & protocol amendment (Novermnber 2015); therefore, their enroliment started later than patients who had relapsed.

“Patients in the placebo-RTX arm could receive next-line single-agent ibrutinib in crossover following IRC-confirmed PD.

« INNOVATE (PCYC-1127) was a double-blind, randomized, placebo-controlled, multicenter, international
phase 3 study ¢ assess the efficacy and safety of ibrutinib-RTX versus placebo-RTX in
patients with WM (Figure 1).

« The primary endpoint was PFS by IRC. Secondary endpoints included response rate by IRC, time to
next treatment, hemoglobin (Hgb) improvement, overall survival (OS), and safety.

« After study closure, patients without PD could continue ibrutinib in an extension program.

36
36

18



11/16/2021

iINNOVATE: Baseline Characteristics

Characteristic Ibrutinib + R Placebo + R
(n=75)
Age, median (range), y 70 (36-89) 68 (39-85)
Male sex, n (%) 45 (60) 54 (72)
IPSSWM, n (%)
Low 15 (20) 17 (23)
Intermediate 33 (44) 28 (37)
High 27 (36) 30 (40)
Medium serum IgM, g/L (range) 33 (6-78) 32 (6-83)
Number of prior systemic therapies, n (%)
0 34 (45) 34 (45)
1-2 34 (45) 36 (48)
>3 7(9) 5(7)
Genotype, n (%)
MYD88255P/CXCRAWT 32 (43) 35 (47)
MYD88255P/CXCRAWT 26 (35) 23 (31)
MYD88255P/CXCRAWT 11 (15) 9(12)
Unkown 6 (8) 8(11)
Bone marrow infiltration: mean % cellularity (range) 73 (25-100) 75 (2-100)
Buske C, et al. JCO 2021 37
37
Response Rates Progression-Free Survival
Previously untreated Previously treated
93
—— Ibrutinib-rituximab
------- Placeba-rituximab
=
7]
[N
o 404 Tarutinib- Placebo- Bereeny
ap 4| s Rituximab  Ritwdimat | JOUTRU Bevererennaen oo
20 - | Median FFS, mo NR 203 B A
HR [35% CIl 0.250 (0148 to 0.420}
10 9| Log-rank Pysive <0001
o e : — — T
n-38 -39 0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60
nry oz AL Time (months)
1 L 3 7
wam A s
Buske C, et al. JCO 2021
38
38
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Zanubrutinib in WM:

Phase 2 data in TN and previously treated pts.

Best Response in zanubrutinib

WM . .
Progression Free Survival (PFS)
Overall TN RR
100
Ev-aluable for 73 24 49 LhH_H—vx
efficacy, n 90+
801
Median Follow-up 23.9 mo 12.3mo 24.8 mo 704 95% Cl
® g0
- Mod. 6t IWM E
Response Criteria . $ sof
(IgM decreases only, and not extramedullary disease) 2 .
2 -Year PFS:
Median Prior Lines of 301
K )
Therapy 0 2(1-8) 30 81 /0
ORR 92% 96% 90% i P
MRR 82% 87% 78% 0 2 4 6 8 0 12 ¥ % 18 20 ;l;m:: 26 28 30 32 34 36 38 40 42 44 46
No. of patients at
isk 2 % ® © @ © O 4 ¥ ¥ B W M W W W W & 4 4 4 3 1 0
CRIVGPR' | 2% | 29% 49% s
PR 40% 58% 31%

Trotman et al, EHA 2019; Blood 2020;

Zanubrutinib 320 mg qd to 160 mg BID 10.1182/blood.2020006449. Online ahead of print.

39

ASPEN: A Phase 3 Study of
Zanubrutinib vs. Ibrutinib in WM

e

Arm A: Zanubrutinib
n=102
160 mg BID until PD

MYD8SMUT WM
patients
N=201 (164 R/R)

Eligible Patients

Cohort 1

Histologic diagnosis of WM Stratification factors Arm B: Ibrutinib

n=99
420 mg QD until PD

Meeting >1 criterion for
treatment initiation?

CXCR4 status
(CXCR4WHIM v
CXCR4WT vs missing)

If treatment naive (TN?), must
be considered unsuitable for
standard CIT

Number of prior lines
of therapy (O vs 1-3 vs
>3)

Arm C: Zanubrutinib
N=28
160 mg BID until PD

No prior BTK inhibitors

Cohort 2

BID, twice daily; BTK, Bruton tyrosine kinase; CIT, chemoimmunotherapy; CXCR4, C-X-C Motif Chemokine Receptor 4; MYD88VT, myeloid differentiation
primary response gene 88 mutant; PD, progressive disease; QD, daily; R, randomization; R/R, relapsed/refractory; TN, treatment naive; WM, Waldenstrém
Macroglobulinemia; WT, wild-type.

3Up to 20% of the overall population.

1. Dimopoulos MA, et al. Blood. 2014;124:1404-1411.
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ASPEN Cohort 1: Demographics and Disease
Characteristics

Characteristics, n (%)

Ibrutinib

(n=99)

Zanubrutinib

(n=102)

Age, years median (range) 70.0 (38, 90) 70.0 (45, 87)

> 75 years 22 (22) 34 (33)
Gender, n (%)

Male 65 (66) 69 (68)
Prior lines of therapy, n (%)

0 18 (18) 19 (19)

1-3 74 (75) 76 (75)

>3 7(7) 7(7)
Genotype by central lab, n (%)*

MYD88265P/CXCR4WT 90 (91) 91 (89)

MYD881-265P/CXCR4WHIM 8 (8) 11(11)
IPSS WM!

Low 13 (13) 17 (17)

Intermediate 42 (42) 38 (37)

High 44 (44) 47 (46)
Hemoglobin < 110 g/L 53 (54) 67 (66)

*“Wildtype-blocking PCR” for MYD88 and Sanger sequencing for CXCR4 using bone marrow aspirates. One patient had local NGS testing results of
MYD88 L265P/ CXCR4 Unknown.

Tam CS, et al. Blood. 2020. Online ahead of print. 4
41
ASPEN Cohort 1: Efficacy, Response by IRC
Overall ITT
100% | 29 38 * Data cutoff: August 31, 2019
il 152 167 * Superiority in CR+VGPR rate
g 1 | compared to ibrutinib in
0%
L s | - rela psed/ refractory
g oo | ﬁopu lation (primary study
E— 5% i ypothesis) was not
B am | significant™ (p-value 0.1160)
g 30% !
a
2% ’VGPR VGPR
10% 49,29, B4%
0% =
Ibrutinib Zanubrutinib
CR+VGPR Rate difference = 10.27(-1.5, 22.0)
p-value = 0.0921
CR, response; IRC, i 1t review committee; ITT, intention-to-treat; MRR, major response rate; MR, minor response; PD, progressive disease;
PR, partial response; SD, stable disease; VGPR, very good PR.
Overall concordance between Independent review and investigators = 94%
*All other P values are for descriptive purposes only. *Adjusted for stratification factors and age group.
1. Tam CS et al. J Clin Oncol. 2020;38(15 Suppl):8007. »
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ASPEN: AE Categories of Interest (BTKi Class AEs)

AE Categories, n (%)
(pooled terms)

All Grades

lbrutinib
(n=198)

Grade 2 3

Zanubrutinib Ibrutinib Zanubrutinib

(n =101)

Atrial fibrillation/ fluttert 15 (15.3) 2 (2.0) 4 (4.1) 0(0.0)
Diarrhea (PT) 31 (31.6) 21(20.8) 1(1.0) 3(3.0)
Hemorrhage 58 (59.2) 49 (48.5) 8 (8.2) 6(5.9)
Major hemorrhage® 9(9.2) 6(5.9) 8 (8.2) 6(5.9)
Hypertension 7(17.3) 11 (10.9) 12 (12.2) 6(5.9)
Neutropenia®t 3(13.3) 30 (29.7) 8 (8.2) 20 (19.8)
Infection 66 (67.3) 67 (66.3) 19 (19.4) 18 (17.8)
Second Malignancy 11 (11.2) 12 (11.9) 1(1.0) 2(2.0)

T Descrintive two-sided P-value < 0.05

Higher AE rate in bold blue with = 10% difference in any grade or = 5% difference in grade 3 or above.
No tumor lysis syndrome was reported. Opportunistic infection ibrutinib (n=2), zanubrutinib (n=1).
AE, adverse event: BTKIi, Brutan tyrosine kinase inhibitor; PT, preferred term

aDefined as any grade = 3 hemorrhage or any grade central nervous system hemorrhage
bIncluding PT terms of neutropenia, neutrophil count decreased, febrile neutropenia, agranulocytosis, neutropenic infection and neutropenic sepsis.

Tam et al, Blood 2020

43

Kaplan-Meier Curve: Time to Atrial Fibrillation/Flutter

ASPEN Cohort 1: Time to AE,
Duration of Treatment

504
— Zanubrutinib
409 |— ibrutinib
2 + Censored
©
o
E 304
>
w
S 204
=
5
]
E
]
Q

Pvalue <0.05*

A ﬂ_ﬁ
04 +fuun +——H

No. of Subjects
at Risk
Zanubrutinib (101 95 94 92 89
Ibrutinib [ 98 87 83 78 74

T T

81 57
66 46
T T

34 15 7
28 13 3 1
L T

Cumulative Event Rate

AE, adverse event.
*Descriptive purpose only.
Tam CS et 1.0 s Oncol. 202038(15 Suppl):8007.

15 18
Months

21 24 27 30 33

Risk Analysis Over

50
40
30
204
10

04
No. of Subjects

at Risk
Zanubrulm\b
Ibrutinib

Kaplan-Meier Curve: Time to Hypertension

— Pvalue = 0.16*
— Zanubrutinib
—— Ibrutinib
+ Censored
101 90 8 84 81 73 51 28 14 7 1 0
98 BI4 BID 7‘5 7[1 6|1 4|2 2‘4 1I1 1|3 1I [I)
0 3 [ 12 15 18 21 24 27 30 33

Months
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ASPEN Cohort 2: Patient and Disease
Characteristics

acteristic

Age, median (range), y 70.1(39-87)
>65 years, n (%) 19 (67.9)
>75 years, n (%) 12 (42.9)
Male sex, n (%) 14 (50)
IPSSWM, n (%)

Low 5(17.9)

Intermediate 11 (39.3)

High 12 (42.9)
Prior treatment status

Treatment-naive, n (%) 5(17.9)

R/R, n (%) 23 (82.1)

No. of prior therapies for R/R pts, median (range) 1(1-5)

Extramedullary disease present at baseline by IRC, n (%) 21 (75.0)
Median bone marrow involvement (n=26, central identified assay) 23%
Median bone marrow involvement (n=24, 2 pts with MYD882%5" by NGS) 15%
Bone marrow involvement >25%, (n=24) 11

IPSSWM, International Prognostic Scoring System Waldenstrém Macroglobulinemia; pt, patient; R/R, relapsed/refractory; IRC, independent review
committee.
Dimopoulos MA, et al. EHA 2020. EP1180.

45

45

ASPEN Cohort 2: Response

Response Over Time on Treatment

Response by IRC

100% I - W} e = PD ‘
£ ook bl 143% sD ™
H = MR % Y o :
o .\ o e s\, P0: citmed IgM ncrese
% " " vepR | —y = \wmw&ﬁ;ﬂwmm
= 60% .
= _)ﬂ_’
| - -
¥ D

wf | — —

30x | MRR MRR —————

50% 52.4%° —(—”
208 ‘ I m P L —r Y
—_—
10% L
Overall R/R ™ _C_A’
& = i Amstga
(N=26) (n=21) (n=5) =\ P0: new hmpn nose lesion
. . ) ) I—\ AE
* Major response rate of 50.0% including 26.9% with VGPR et
£\PO: confirmed IgM Increase.
* Median timt;:'j to first major respdor;lse (p;rtial re_:ponse or be;ter,l. e e e
requiring reduction in extramedullary disease if present at baseline), W T T T T
was 2.9 months (range, 1.9-16.1) Treatment, mo

* Of the 11 patients with median BM involvement >25%: 3 VGPR, 5 PR, 2
MR, 1SD, MRR=72.7%

Data cutoff: August 31, 2019

AE, adverse event; CR, complete response; IgM, il in M, IRC, il 1t review committee; MR, minor response; MRR, major response rate (2PR);

PD, progressive disease; PR, partial response; pt, patient; R/R, relapsed/refractory; SD, stable disease; TN, treatment-naive; VGPR, very good PR.

2Including pts confirmed by next-generation sequencing of no other activating MYD88 mutations. "One pt achieved IgM complete response (normalized IgM and

negative immunofixation since cycle 11, with bulky extramedullary disease improving).

Dimopoulos MA, et al. EHA 2020. EP1180.

m PD
sD
® MR
= PR
m VGPR
o First VGPR
o, FirstPR
First PD
> Ongoing treatment

Discontinuation of
treatment

= Color of bars represents the best response for each patient
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ASPEN Cohort 2: Progression-Free and Overall
Survival

100 _
804
. 60
=
s
2
z 40+ + Censored
@ PFS: Median follow-up, 17.5 months (range, 1.9-27.5)
204 Event-free rate at 12 mo: 72.4% (95% Cl 50.6, 85.8)
— 0S: Median follow-up, 16.5 months (range, 2.3-27.8)
01 Event-free rate at 12 mo: 96.2% (95% Cl 75.7, 99.4)
T T T T T T T
0 3 6 9 12 16 18
No. of pts at risk Months
0s 26 25 25 25 24 19 10

Shaded areas show the 95% Cl.
0S, overall survival; PFS, progression-free survival; pt, patient.
Dimopoulos MA, et al. EHA 2020. EP1180.
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ggtriqonnraelhensive NCCN Guidelines Version 1.2022 NCCN Guidelines Index
etset] Cancer Waldenstrém Macroglobulinemial Tvle ofComens

Network® Lymphoplasmacytic Lymphoma

THERAPY FOR PREVIQUSLY TREATED WM/LPL®
; .

(Order of and does not indicate preference)

g s alp!

Preferred Regimens

+ Bendamustine/rituximab + Rituxil yclophosp i
+ Bortezomib/dexamethasone/rituximab® * Zanubrutinib (category 1)

« Ibrutinib £ rituximab (category 1)

Other Recommended Regimens
- Acalabrutinib - Cyclophosphamide/doxorub
+ Bendamustine + Fludarabine 1 rituximab®
+ Bortezomib % rituximab® ine/cyclophosphamil
+ Bortezomib/dexamethasone
+ Cladribine # rituximab®
Useful In Certain Circumstances
« Everolimus
+ Ofatumumab (for rituximab-intolerant indivi
H ietic Cell Tr:
+In cases poietic cell transplantation may be appropriate with either:
» Allogeneic hematopoietic cell transplant (ablative or nonablative)®
» Autologous hematopoietic cell transplant

[rituximab

yclophosp pr

d

2 See General Considerations for Systemic Therapy for WM/LPL (WWLPL-B 1 of 4).

b Consider for patients presenting with symptomatic hyperviscosity, or in whom rapid IgM reduction is required.

© May be associated with disease transformation and/or development of MDS/AML in patients with Waldenstrém macroglobulinemia.

@ Ofatumumab may be used for rituximab-intolerant individuals as a single agent or in combination therapy anywhere that nituximab is given. While ofatumumab is no
longer commercially available, it may be obtained for clinical use

= Should ideally be undertaken in the context of a clinical trial

References

Note: All recommendations are category 2A unless otherwise indicated
Clinical Trials: NCCN believes that the best management of any patient with cancer is in a elinical trial. Participation in

ical trials is especially encouraged.

WMILPL-B
30F4

erSion 12022, 0624721 © 2021 Naonal . 3 10 D2 FepIOcLEa I 3N form W e expr NG
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Characteristic Treatment Naive Relapsed/Refractory
(n=14) (n=92)

Age, median (range), y 73 (48-86) 69 (39-90)

Male sex, n (%) 10 (71%) 63 (68%)

ECOG PS, n (%)

<1 12 (86%) 88 (96%)

0 3 (21%) 52 (57%)

1 9 (64%) 36 (39%)

2 2 (14%) 4 (4%)
Median time since initial WM diagnosis (range), y 0.4 (0.04-5.8) 6.1(0.2-25.4)
Extramedullary disease?, n (%) 9 (64) 59 (64)
Median time to last treatment, months (range NA 16.2 (0.03-89.6)
Median number of previous therapies (range) NA 2(1-7)
>3 previous therapies NA 41 (45%)

aDefined as (>1.5 cm) and (an enlarged spleen of any size).
Owen RG, et al. Lancet Haematol 2020;7:e112-21. 49

Acalabrutinib Phase 2 WM Study: Efficacy

Overall Response Progression-Free Survival
[ Very good partial response [ Partial response [ Minor response %
6th IWWM criteria Modified 3rd IWWM criteria 90-] L+—+_*+
Overall response o 80 L‘_\—‘—H—"_‘—“IH—H—M—H—
93% 93w 9w 91w _ Lt
100 A £ 704
- A - {_g H
50 9% 1 7% £ 60q
=i £ s
80 . £
8% § a0-]
704 1 2 304 24 month
z _ | & progression. free
H 60 Major Major .| Major Major 204 survival (95% C1)
|- response |- response | response |- response
g 5047 9% 1 80w 71w 7o 78 10 — Treatmentnae  00.0% (47.3-985)
£ —— Relapsed or refractory  81.9% (72.1-88:5)
40 §
x © 6% T 4 & & 1 1 11 16 18 20 2 34 36 28 30 32 24 3 38 40
30 1 Numberat risk
(nwmber censored)
204 | Relapsadorrefactoy 52(0) 90(2) 88(2) 85(3) B20) B1() 770) 76() 760) 72(6) 700) 690) 6€9) 33(47 16(59) BN 5(69) 400) 30 307 0¢4)
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10704 13 Taax 15%
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* Median duration of follow-up was 27.4 months

* Median duration of response has not been reached
* 24-month duration of response for treatment-naive patients (90%) and relapsed/refractory patients (82%)

» Overall survival was 92% in treatment-naive patients and 89% in relapsed/refractory patients

Owen RG, et al. Lancet Haematol 2020;7:112-21. 50
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Acalabrutinib Phase 2 WM Study: Safety and
Tolerability

Most FrequentAEs, .., 5 Grade 3 Gradea * Atrial fibrillation occurred in 5% (5/106)
n (%) of patients

Headache 41(39) ° 0 * All events were grade 1-2 except for one
Diarrhea 33(31) 2(2) 0 (1%) grade 3 event

Contusion 31(29) 0 0

Dizziness 27 (25) o 0 * Hypertension occurred in 5% (5/106) of
URTI 23 (22) 0 0 patients

Fatigue 22 (21) 2(2) 0 * 28% (30/106) of patients discontinued
Nausea 22 (21) 2(2) 0 acalabrutinib during the study period
Constipation 22(21) Y 0 * AEs led to discontinuation in 7% (7/106)
Arthralgia 20 (19) 1(1) 0 of patients

Back pain 18 (17) 1(1) 0

Cough 18 (17) 0 0

Pyrexia 17 (16) 1(1) 0

Vomiting 17 (16) 1(1) 0

Rash 16 (15) 0 0

Owen RG, et al. Lancet Haematol 2020;7:e112-21. 51
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response™ P
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hyperviscosity. WMILPL-B).
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Note: All recommendations are category 2A unless otherwise indicated
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B-R + Watch & Wait vs. B-R + 2 years Rituximab

Studiengruppe indolenta Lymphome
L 7\ |

off study

Bendamustine-Rituximab

M. Rummel

(n =109)

Bendamustine-Rituximab

Rummel et al, ASH 2019

+

q 2 months
(n=109)

53
Progression free survival (80 months median follow-
A Y
up)
17 Rummel et al, ASH 2019
0.84
z 0.6+
g e
o 0.4 -
months events
0.24 (median) (n)
Hazard ratio, 1.21 (95% C10.78 - 1.89) —— OQbservation 106.3
f = 0.3982 —_— ) 42
- R maint.  118.4 36
-8 12 32 52 72 a2 112 132
Time (months)
Pts at risk
Observ. 109 102 92 79 62 54 39 27 18
9 3
R maint. 109 109 96 83 65 52 41 30 25
11 1
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PFS: Patient age Rummel et al, ASH 2019

Patients younger than 65 years Patients older than 65 years

1 -
1 Ry
Rk 0.8+
075 >
2
= 0.6+
= L.
£ 05 <} 0.4+
8 a
[
| months  PFS !
025 R 0.2 o (mg f?") evzents Hazard ratio pvalue
g h Hazard rati I i S. 5 S
o (median) evf;\ts lazard ratio p value Rmaint. 1164 %  186(CI1.03-3.38) 0.0355
R mainst' : 5 : 15 075(CI0.38-151) 04177 Or T T T T T T 1
-8 12 32 52 72 92 112 132

4]
0 12 24 36 48 60 72 84 96 108 120 132

Time (months)

Hazard ratio 0.75 (95% CI 0.38 — 1.51)
p=0.4177

Time (months)

Hazard ratio 1.86 (95% CI 1.03 — 3.38)
p = 0.0355
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IWWM-2 Workshop Classification of WM,
IGM MGUS, and IgM Related Disorders.

1gM Monoclonal Histological Symptomatic?
Protein ! Infiltration by LPL?
+

IgM MGUS - o
IgM Related Disorders + - +
Asymptomatic WM + +

Symptomatic WM + + +

18M monoclonal gammopathy of any concentration

Bone infiltration by small lymphocytes, plasmacytoid cells and plasma cells. Any level of detectable infiltrate
by histological examination. Flow or molecular disease detection does not fulfill WM diagnostic criteria.
Symptomatic Status defined by IWWM-2 consensus criteria and indicative of need for treatment. Kyle et al,

Semin Oncol. 2003.
Owen et al, Semin Oncol 2003
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Morbidities mediated by monoclonal IgM and
associated light chains in WM.

Property of IgM monoclonal protein

Diagnostie eendition

Clinical manifesiations

Penlameric etructura
Precipitation on coaling

Auloantibody sctivity 10 myelin-assocated
glycoprotein (MAG), ganglioside M1 (GM1),
guilfatsde mskebes on peripheral nerve
sheaths

Autoantibody sctivity 1o lgG

Auloantibody activity 1o red bicod cell antigens

Tizsue deposilion as amonphous aggregates

Tissue deposition as amylaid fibeils (light chain
‘companent most common|y)

Hyperviseosity
Cryoglotulinemia (type 1)

Peripheral neurcpathies

Cryoglcbaulinemia (type 1)
Cold agglutining

Organ dysfunction

Ongan dysfunction

Heedaches, blumed vision, episiaxs, relinal hemonhages,
leq cramps, impaired mentation, infracranial hemorhage

Raynaud phanomensn, BCrotyanosis, ulcers, purpura, cold
urthcanka

Sansofimator neurcpamies, painful neuropaihies, ataxic gait,
Bilateral foot drop

Purpura, anthralgas, renal failure, sensormolor neunpathies

Hemolytic anemia, Raynaud phenomencn, SCrocyanosis,
livedo reticularis

Skin: bullous skin disease, papules, Schnitzler syndrome; GI
diarrhea. malabsorpton, biseding; kdney: protanurnia,
renal failure (Bght chain componet)

Fatigue, weight nss, edema, hepatomagaly, macroglossia,
organ dysfunclion of invalved organs: hear, kidney, liver,
and penpheral sensory and SuiDnoMmic NErves

Treon et al, Blood 2009
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Mayo Stratification of WM and
Risk-Adapted Therapy Guidelines

Consensus for Newly Diagnosed WM

- IlgM MGUS (< 10% - Hemoglobin < 11 g/dL or
lymphoplasmacytic symptomatic

infiltration) . Platelets < 120 x 103/uL
- Asymptomatic/
smoldering WM

- Hemoglobin 2 11 g/dL
- Platelets =120 x 103/pL

Single-agent rituximab?
(1 cycle; no maintenance tx)

Plasmapheresis if hyperviscosity
develops witx

- Bulky disease

- Profound cytopenias
- Hemoglobin < 10 g/dL

- Platelets < 100 x 103/uL

- Constitutional symptoms

- IgM-related neuropathy

- WM-associated hemolytic anemia
- Hyperviscosity symptoms

- Symptomatic cryoglobulinemia

|
Hyperviscosity symptoms
YES|
Plasmapheresis

'

NO

BR?x 4-6 cycles
No rituximab maintenance tx

Harvest stem cells if < 70 years and
potential ASCT candidate in future

aSix cycles of DRC is an alternative if the disease burden is low.
Kapoor, et al. JAMA Oncol. 2017;3:1257-1265.

59

Mayo Stratification of WM and
Risk-Adapted Therapy Guidelines

WM Consensus for Off-Duty Salvage Therapy

Time to next therapy 2 3 years from previous therapy
I

l l

- BDR if preexisting peripheral neuropathy Grade < 2
- DRC
- BR

ASCT in select patients

aIf not previously used.
Kapoor, et al. JAMA Oncol. 2017;3:1257-1265.

- Ibrutinib monotherapy?

Repeat original therapy

60
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Genomic Based Treatment Approach
to Symptomatic Treatment Naive WM

A Required

MYD8gwut
CXCR4WT
MYD88 /
CXCR4 MYD8gMut
—_
Genotyping CXCR4Mut
MYD8gWT
CXCRAWT

N\ | Rapid Response —_

~N

BTK-inhibitor (monotherapy)

/V Alternatives: Benda-R, Pl based regimen

. Plasmapheresis for
Rapid Response |, | .. cre HY, CAGG, CRYOS, |—>
rapidly progressing IGM PN

Benda-R
or Pl based regimen

Not Required

BTK-I plus rituximab
Alternative: Benda-R, Pl based regimen

| Benda-R, Pl based regimen

Rituximab should be held for serum IgM >4,000 mg/dL
Benda-R for bulky adenopathy or extramedullary disease.
Pl 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 patients responding to rituximab based regimens.

Treon et al, JCO 2020; 38:1198-1208

61
Genomic Based Treatment Approach
to Symptomatic Relapsed or Refractory WM
First and second relapse or refractory Third or later relapse or refractory
BTK-inhibitor alone (if BTK-I naive) — BTK-inhijhi: ¥ -1 naive)
myDggvut [ ¥ Alternatives: Benda-R, Pl based regimen Alternatmerolimus
CXCR4WT
Plasmapheres Third or later
is if First and second relapse or
MYD88 Mut severe HV, relapse or refractory refractory
CXCR4 -»> MYDSBM ¢ — CAGG, — BTK-inhibitor plus — BTK-inhibitor +
Genotyping CXCRa4™ CRYOS, rituximab (if BTK-l naive) Rituximab
rapidly Alternative: Benda-R, (if BTK-I naive)
\ progressing Pl based regimen /A.I.hanaum.\
IGM PN _venetoclax, NA', "D
S
MYD88WT
CXCRAWT | S\
| Benda-R, Pl based regimen
Nucleoside analogues (NA) should be avoided in younger patients, and candidates for ASCT.!
ASCT may be considered in patients with multiple relapses, and chemosensitive disease.
Treon et al, JCO 2020; 38:1198-1208
62
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11th International Workshop for

Waldenstrom’s Macroglobulinemia

Madrid, October 6-8, 2022
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