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Mutations in MYD88 (95%-97%) and CXCR4 (30%-40%) are common in Waldenstrém macroglobulinemia (WM). TP53
is altered in 20% to 30% of patients with WM, particularly those previously treated. Mutated MYD88 activates
hematopoietic cell kinase that drives Bruton tyrosine kinase (BTK) prosurvival signaling. Both nonsense and frameshift
CXCR4 mutations occur in WM. Nonsense variants show greater resistance to BTK inhibitors. Covalent BTK inhibitors
(cBTKi) produce major responses in 70% to 80% of patients with WM. MYD88 and CXCR4 mutation status can affect
time to major response, depth of response, and/or progression-free survival (PFS) in patients with WM treated with
cBTKi. The cBTKi zanubrutinib shows greater response activity and/or improved PFS in patients with WM with wild-
type MYD88, mutated CXCR4, or altered TP53. Risks for adverse events, including atrial fibrillation, bleeding
diathesis, and neutropenia can differ based on which BTKi is used in WM. Intolerance is also common with cBTKi, and
dose reduction or switchover to another c¢cBTKi can be considered. For patients with acquired resistance to cBTKis,
newer options include pirtobrutinib or venetoclax. Combinations of BTKis with chemoimmunotherapy, CXCR4, and
BCL2 antagonists are discussed. Algorithms for positioning BTKis in treatment naive or previously treated patients

with WM, based on genomics, disease characteristics, and comorbidities, are presented.

Introduction

Genomics of WM and BTK inhibitors

MYD88 mutations Mutated MYD88 (MYD88M) is found in
95% to 97% of patients with Waldenstrém macroglobulinemia
(WM)." Nearly all cases carry the MYD88-25" variant, although
other MYD88M"t variants occur.”® Next-generation sequencing
(NGS) may miss MYD88"24*F in 35% of patients with WM,
particularly in patients with a bone marrow (BM) disease burden
of <10%.” Allele-specific polymerase chain reaction (AS-PCR) is
therefore recommended for MYD88-245F detection.’® The
signaling cascades for MYD88M" are shown in Figure 1."""/
Five percent of patients with WM have wild-type MYD88
(MYD88"T), many of whom carry NF-kB-activating mutations
distal to Bruton tyrosine kinase (BTK) signaling.'® Patients with
MYD88YT have a higher risk for disease transformation, and/or
show shorter overall survival (0S)."7?° MYD88M't status can
differentially affect outcomes with BTK inhibitors (BTKis; dis-
cussed hereafter).

We therefore recommend determination of MYD88M"! status as
part of the diagnostic workup by AS-PCR for the MYD88-2¢*"
variant, and, if negative, consider NGS to identify any non-
MYD88-2%" variants.

CXCR4 mutations CXCR4"" are found in 30% to 40% of
patients with WM.>'? In WM, >40 CXCR4 nonsense and
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frameshift variants in the C-terminal domain have been identi-
fied.?>?1?* Nonsense (CXCR4MYYNS) variants, the most com-
mon being CXCR4%33®%, cause truncation of the C-terminal
regulatory domain.??"?* Frameshift (CXCR4MUYFS) variants
result from insertions or deletions. CXCR4™"* clones are usually
subclonal.”*?" Despite heterogeneous clonality, the transcrip-
tional profile for patients with WM with CXCR4M"* shows great
uniformity.” In response to CXCL12, CXCR4M* triggers BTK,
protein kinase B (AKT), and extracellular signal-regulated kinase
(ERK) signaling, which promotes BM chemotaxis and/or ibruti-
nib resistance.”*?® CXCR4M“"NS expressing WM cells exhibit
more robust AKT and ERK signaling vs those expressing
CXCR4WT or CXCR4MUYFS 28 CXCR4 antagonists can sensitize
CXCR4M“"expressing WM cells to ibrutinib.?**

Patients with CXCR4MYNS WM have higher BM disease
burden; higher serum immunoglobulin M (slgM) levels and
incidence of symptomatic hyperviscosity; and/or shorter time to
initial treatment vs those with CXCR4"T or CXCR4M"YF® muta-
tion status.>?*?*?? One study also showed shorter OS in
patients with CXCR4M“WNS ys those with CXCR4™WT or
CXCR4MWFS 29 CXCRAMUWNS may also more adversely affect
treatment outcomes with BTKis vs CXCR4"T or CXCR4MYF>
(discussed below).*® NGS may miss two-thirds of patients with
CXCR4Mt, particularly those with lower BM disease burden and
clonality.®" Newer NGS platforms may improve detection.”’



\ \
\ \ Inflammatory
‘\ Cytokines /
\ ]
e 4 1
. 9]
Paracrine © 00, 0 N
and Autocrine ) Ogoi
Pro-survival 8o )
K . 0 0
Signaling T
g

ITHCK Gene Expressmn‘ ‘

_ “ IRAK4

Ibrutinib
Zanubrutinib
Acalabrutinib
Tirabrutinib
Orelabrutinib
Pirtobrutinib
Nemtabrutinib

Growth and 7/
Survival Signaling

Figure 1. Prosurvival signaling driven by mutated MYD88 signaling. Mutated MYD88 triggers gene expression of hematopoietic cell kinase (HCK), a SRC family member
through PAX5-mediated signaling. HCK is activated through interleukin-6 (IL-6)/IL-6 receptor (IL-6R)/gp130/JAK2/STAT3-mediated signaling triggered by autocrine and
paracrine release from the surrounding microenvironment. HCK triggers BTK, spleen tyrosine kinase (SYK), and ERK1/2 signaling. BTK also triggers ERK1/2 as well as NF-xB
p65-mediated prosurvival signaling. IRAK4/IRAK1 are also activated by mutated MYD88 through an HCK-independent pathway, and trigger along with BTK NF-kB p65—

mediated prosurvival signaling.

Given the significance of CXCR4M“YNS AS-PCR may be used to
evaluate this variant."®

We therefore recommend CXCR4M“' status as part of the
diagnostic workup by NGS, and, if negative, consider AS-PCR
for CXCR4%33%% variants.

TP53 alterations Alterations in TP53 (TP53"" occur in 5% to
10% patients with treatment-naive WM that include TP53" and
17p deletions.>?*?** The incidence of TP53"" appears higher
(25%-30%) patients with WM who had been previously treated,
most of whom received alkylators (85%) and/or nucleoside ana-
logues (22%).>*3> Patients with TP53* WM show shorter OS
and/or progression-free survival (PFS) with BTKis.**3*

We recommend evaluating for TP53%' at diagnosis and at
relapse using NGS because their presence may guide treatment
considerations (discussed in further sections). Because studies,
to date, have been qualitative, no cutoffs for TP53" have been
established.

BTK mutations BTK®**®! is the binding site for covalent
BTKis (cBTKis) including ibrutinib, zanubrutinib, acalabrutinib,

BTK INHIBITORS IN WALDENSTROM MACROGLOBULINEMIA

and tirabrutinib. BTK®**" variants are the most common
mutations in patients with WM with acquired ibrutinib resis-
tance.’® Importantly, multiple clones bearing different
BTK=Y**8! mutations can occur within individual patients with
WM progressing on ibrutinib.?*” Like chronic lymphocytic
leukemia, BTK<**8" mutations in patients with WM progressing
on BTKis are typically subclonal.?**® WM cells expressing the
BTK=Y*481%e" mutation show ibrutinib resistance and reactivation
of BTK-PLCy2-ERK1/2 signaling."” Use of ERK1/2 inhibitors
triggers apoptosis in BTKY**8'%*"_expressing cells, and resen-
sitization to ibrutinib.'”” Moreover, ERK1/2 reactivation is
accompanied by interleukin-6 and interleukin-10 release, which
protects cocultured wild-type BTK=Y**8' WM cells from ibruti-
nib, demonstrating a paracrine means for propagating cBTKi
resistance.'” Deletions in chromosomes 6q or 8p, which
encompass regulators of BTK, MYD88/NF-kB, and apoptotic
signaling also occur in patients with WM progressing on
ibrutinib.?’

We continue to hold off making recommendations for routine
BTK®Y**" variant testing in patients with WM progressing on
cBTKis because salvage treatment approaches (discussed
below) did not evaluate outcomes based on BTKYs4®'
status.

mutation
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Clinical experience with BTKis in WM

Table 1 summarizes studies with BTKis in WM with regulatory
approvals in any indication and jurisdiction. Clinicians should
consult local guidelines on approval status and/or use of the
discussed BTKis. Table 2 summarizes data for CXCR4M"* status
on ibrutinib and zanubrutinib outcomes.

Ibrutinib

Monotherapy Ibrutinib was the first BTKi approved for WM
after a pivotal trial in 63 patients with relapsed/refractory WM.
The median number of therapies was 2%, and 40% of patients
were refractory. With a median follow-up of 59 months, the
overall response rates (ORR) and major response rates (MRR)
were 90% and 79%, respectively. Thirty-percent achieved a very
good partial response (VGPR). The 5-year median PFS and OS
rates were 54% and 87%, respectively. In MYD88"T patients, no
major responses occurred. MYD88M'CXCR4AM“t  patients
showed longer time to major response, and lower major and
VGPR rates than patients with only MYD88MYt (Table 2). The 5-
year PFS rate for patients with MYD88M"® only and those with
MYD88M'CXCRAM" were 70% and 38%, respectively. For
patients with MYD88", the median PFS was 0.4 months. Atrial
fibrillation (all grades) occurred in 8 (13%) patients, although
most continued ibrutinib with medical management.

A substudy of the INNOVATE trial (discussed in later sections)
evaluated ibrutinib monotherapy in 31 patients with heavily
pretreated rituximab-refractory WM.*® Their median prior
therapies were 4%, and 40% had >5 prior therapies. With a
median follow-up of 58 months, the ORRs and MRRs were 87%
and 77%, respectively. The 5-year PFS and OS rates were 40%
and 73%, respectively. Patients with MYD88M“'CXCR4M“* had
fewer VGPRs, and longer time to major response than patients
with only MYD88M"® (Table 2). The median PFS was 18 months
for patients with MYD88M“'CXCR4M* and was not reached for
patients with only MYD88M“*. A single patients with MYD88""
progressed at 6 months. No atrial fibrillation events were
observed.

lorutinio monotherapy was also evaluated in 30 patients with
treatment-naive MYD88"“* WM."" Half had a CXCR4A™" muta-
tional status, and nearly all had CXCR4M"YNS \With a median
follow-up of 50 months, the ORRs, MRRs, and VGPR rates were
100%, 87%, and 30%, respectively. The 4-year PFS rate was 76%
for all patients. MRRs and VGPR rates were lower, and time to
major response longer in patients with CXCR4M"* (Table 2). The
4-year PFS was lower (59% vs 92%) in patients with CXCR4Mut,
Atrial fibrillation (all grades) occurred in 20% of patients.

The importance of CXCR4M"* subtype on ibrutinib outcomes
was also evaluated in 180 patients with symptomatic WM

Table 1. Summary of approved BTKis and their activity in WM

Time to
minor/
Patient major ORR (%)/ >VGPR rate
population Agent(s) response MRR (%) (%) PFS (%)
Pivotal study®’ R/R Ibrutinib 63 | 0.9 mo/2.0 mo 91/79 30 54 (60 mo)
INNOVATE R/R Ibrutinib 31 1 mo/2 mo 87/77 29 40 (60 mo)
arm C*°
Phase 2% TN lbrutinib 30 | 0.9 mo/1.9 mo 100/87 30 76 (48 mo)
INNOVATE TN, R/R Ibrutinib 150 1 mo/3 mo 92/76 31 68 (54 mo)
arms A, B*? Rituximab
Phase 2 TN, R/R Zanubrutinib 77 | N/A/2.8 mo 96/82 45 76 (36 mo)
ASPEN TN, R/R Ibrutinib 99 | 1 mo/2.9 mo 94/80 25 85 (42 mo)
(CI\Z%%QMU*)“ TN, R/R Zanubrutinib | 102 | 1 mo/2.8 mo 95/81 36 88 (42 mo)
ASPEN TN, R/R Zanubrutinib 28 | 1 mo/3.0 mo 78/63 27 84 (42 mo)
cohort 2
(MYD88WTy*
Phase 2*° TN, RR Acalabrutinib | 106 1 mo/N/A 94/81 39 84 TN/52 R/R
(66 mo)
Phase 2% TN, R/R Tirabrutinib 27 N/A 96/93 33 93 (24 mo)
1.9 (TN)
2.1 (R/R)
Phase 2%/ R/R Pirtobrutinib 80 N/A /N/A 81 and 67 (prior cBTKi) | 24 (prior cBTKi) |57 (18 mo for prior
88 and 88 (cBTKi naive) | 29 (cBTKi naive) cBTKi)
N/A for cBTKi
naive

Listed BTKis are approved for WM and/or other indications in any jurisdiction. Clinicians should consult local regulatory approvals and guidelines for their status and use in WM.

N/A, data not available; R/R, relapsed or refractory; TN, treatment-naive.
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Table 2. Impact of mutated CXCR4 on BTKi activity for ibrutinib and zanubrutinib in WM

Time to major

response MRR (%) >VGPR rate (%) PFS (%)
Patient (CXCRM“t ys (CXCRMt ys (CXCRMt ys (CXCRMUt ys
population Agent(s) CXCR4WT) CXCR4MT) CXCR4WT) CXCR4T)
Pivotal study®’ R/R Ibrutinib 4.7 vs 1.8 mo 68 vs 97 9 vs 47 38 vs 70 (60 mo)
INNOVATE R/R Ibrutinib 3.6 vs 1.0 mo 71 vs 88 14 vs 41 18 mo vs NR (60 mo)
arm C*°
Phase 2% TN Ibrutinib 7.3 vs 1.8 mo 78 vs 94 14 vs 44 59 vs 92 (48 mo)
INNOVATE TN, R/R Ibrutinib 3vs 2 mo 77 vs 81 23 vs 41 63 vs 72 (54 mo)
arms A, B¥? Rituximab
Phase 2% R/R Zanubrutinib N/A 91 vs 87 27 vs 59 ~90 vs ~78 (42 mo)
ASPEN TN, R/R Ibrutinib 6.6 vs 2.8 mo 65 vs 85 10 vs 31 49 vs 75 (42 mo)
44

cohort 1 TN, R/R Zanubrutinib 3.4 vs 2.8 mo 79 vs 83 21 vs 45 73 vs 81 (42 mo)

Comparisons listed are for patients with MYD88 mutation.

Abbreviations are explained in Table 1.

receiving ibrutinib. CXCRAMUYNS \yas associated with lower
MRRs and shorter PFS vs those with CXCR4M'"FS or
CXCR4WT 30

Ibrutinib in combination therapy The phase 3 (INNO-
VATE) study randomized 150 patients with treatment-naive
relapsed/refractory WM to placebo/rituximab or ibrutinib/rit-
uximab.*? With a median follow-up of 50 months, the MRR was
76% for the ibrutinib/rituximab cohort vs 31% for the placebo/
rituximab cohort. Among patients treated with ibrutinib/ritux-
imab, MRRs were similar across the genomic subtypes. Fewer
VGPRs occurred in patients with MYD88M“'CXCR4™"", as well as
in patients with MYD88™T on ibrutinib/rituximab vs patients
with MYD88"“/CXCR4™T. Time to MRR were 2, 3, and 7
months for patients with MYD88M"/CXCR4™T, MYD8gMt
CXCRaMYt and MYD88WT/CXCR4WMT, respectively. The esti-
mated 54-month PFS rate was 68% for the ibrutinib/rituximab
cohort and 25% for the placebo/rituximab cohort. Among
patients treated with ibrutinib/rituximab, the 54-month
estimated PFS was 72%, 63%, and 70% for patients with
MYD88M/CXCR4T, MYD88M“'CXCR4A™", and MYD88"/
CXCRA4™T, respectively. The high activity level for ibrutinib/ri-
tuximab in patients with MYD88"T may have reflected patients
with MYD88M“* classified as having MYD88"' because NGS
was used to determine MYD88MYt status. Indeed, 4-times more
patients had MYD88" in this study than findings with AS-PCR
in patients with symptomatic WM.*° Atrial fibrillation (any
grade) occurred in 19% of patients on ibrutinib/rituximab, and
most continued protocol therapy with medical management.

lorutinib is active in patients with WM with symptomatic central
nervous system involvement (Bing-Neel syndrome [BNS)).>'->?
In a multicenter retrospective study, 85% and 60% of patients
with BNS experienced symptomatic and radiological improve-
ments, respectively, within 3 months of ibrutinib initiation.
The 2-year event-free survival rate for patients with BNS on
ibrutinib was 80%. lbrutinib also showed activity in patients with
WM with IgM-related morbidities.*”*'

BTK INHIBITORS IN WALDENSTROM MACROGLOBULINEMIA

CXCR4 antagonists have been investigated with ibrutinib. In a
phase 1 trial, ulocuplumab was combined with ibrutinib to treat
patients with symptomatic MYD88M“'CXCR4™* WM.>* Al
achieved a major response, and 33% a VGPR. Major responses
occurred at a median of 1.2 months, and the 24-month PFS rate
was 90%. Reversible thrombocytopenia, and rash and skin
infections were the most common adverse events. Unfortu-
nately, ulocuplumab was discontinued by the manufacturer.
A study of the oral CXCR4 antagonist mavorixafor with
ibrutinib is currently underway (ClinicalTrials.gov identifier:
NCT04274738).

Ibrutinib was also investigated with venetoclax in a fixed-
duration study that treated 45 patients with symptomatic,
treatment-naive WM.**> All were MYD88M“ and 17 (38%)
CXCR4M“*, The ORR and MRR were 100% and 96%, respec-
tively. Notably, 42% of patients attained a VGPR, although
patients with CXCR4M“* had a lower VGPR rate (29% vs 50%).
The PFS rate at 24-months was 76% and was not affected by
CXCR4M“t status. The study ended early because of ventricular
arrythmias that occurred in 4 (9%) patients, including 2 grade 5
events. Therefore, the combination of ibrutinib and venetoclax
should be avoided.

Zanubrutinib

Monotherapy In a phase 1/2 study, 73 patients with treat-
ment-naive and relapsed/refractory WM received zanubrutinib
at 160 mg twice daily or 320 mg once daily.*’ The median
follow-up was 24 and 36 months for patients with treatment-
naive WM and patients with relapsed/refractory WM, respec-
tively. The ORR and MRR, and VGPR rate were 96%, 78% and
45%, respectively. The MRRs were similar among patients with
MYD88Mt regardless of CXCR4M' status. VGPR/complete
response (CR) attainment was lower among patients with
MYD88M'CXCR4M" (Table 2). The ORR and MRR were similar
across dosing schedules, although fewer VGPR/CRs occurred in
those receiving 320 mg once vs 160 mg twice daily ((32% vs
49%, respectively).
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The phase 3 (ASPEN) study of zanubrutinib vs ibrutinib was
recently updated.*” In cohort 1, 201 patients with treatment-
naive and relapsed/refractory MYD88M“* WM were randomized
to zanubrutinib or ibrutinib. Of these patients, 20% and 32%
had CXCR4M“® in the ibrutinib and zanubrutinib arms, respec-
tively. In cohort 2, 28 patients with MYD88"" received zanu-
brutinib. MYD88M"* status was determined by an AS-PCR assay.
The median follow-up was 44.4 and 42.9 months for cohorts 1
and 2, respectively. In cohort 1, the best ORR (94% and 95%)
and MRR (80% and 81%) were similar for ibrutinib and zanu-
brutinib, respectively. However, more VGPRs occurred for
zanubrutinib (36%) vs ibrutinib (25%). The median PFS has not
been reached for either arm in cohort 1, with estimated 42-
month PFS rates of 70% and 78% for ibrutinib and zanu-
brutinib, respectively. OS was similar at 85% and 88% for
ibrutinib and zanubrutinib, respectively.

CXCR4M“t status differentially affected the 3 arms of cohort 1.
The median time to major response was longer for patients with
CXCR4AMY on ibrutinib vs zanubrutinib (Table 2). More VGPRs
also occurred in patients with CXCR4M"* who received zanu-
brutinib (Table 2). At 42 months, the PFS rates for patients with
CXCR4M“* were 49% and 73% for those treated with ibrutinib
and zanubrutinib, respectively.

Of particular interest was the differential impact of zanu-
brutinib and ibrutinib in patients with TP53" in cohort 1.
Major responses (64% vs 86%) and VGPRs (14% vs 30%) were
lower among patients treated with ibrutinib with TP53*" vs
TP53"T disease, respectively.’® Among patients treated with
zanubrutinib, the MRRs were similar regardless of TP53A
status, that is, 81% and 82% for patients with TP53*"* and
TP53"T, respectively. VGPRs were also higher for patients with
TP534 disease treated with zanubrutinib (35%) vs ibrutinib
(14%).%° PFS rates were adversely affected by TP53*" status in
both arms of cohort 1, although fewer progression events
occurred among patients with TP53* on zanubrutinib vs those
on ibrutinib.*

There were notable differences for adverse events in cohort 1. A
higher incidence (>10% difference) of diarrhea (35% vs 23%),
muscle spasms (29% vs 12%), hypertension (24% vs 12%), atrial
fibrillation (21% vs 7%), and pneumonia (18% vs 5%) occurred at
any grade for patients on ibrutinib vs zanubrutinib, respectively.
Conversely, more patients experienced neutropenia at any
grade (29% vs 16%) on zanubrutinib vs ibrutinib, respectively.
Grade 3/4 hypertension (19% vs 10%) and pneumonia (10% vs
1%) were more pronounced for patients on ibrutinib, whereas
neutropenia (19% vs 9%) and anemia (12% vs 6%) were more
frequent for those on zanubrutinib.

In cohort 2, zanubrutinib showed marked activity in patients
with MYD88WT. The ORR and MRR were 81% and 65%,
respectively; VGPR was attained in 30% of patients with
MYD88WT. The 42-month eventfree survival rate was 54%,
which greatly contrasted to the median PFS of 4 months with
ibrutinib monotherapy in the pivotal trial. Efficacy data on
specific morbidities in WM for zanubrutinib are limited.
Response to zanubrutinib was documented in a single case
report of a patients with BNS.>*
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Zanubrutinib in combination therapy The combination
of zanubrutinib, ixazomib, and dexamethasone was evaluated in
20 patients with symptomatic, treatment-naive WM and showed
an ORR, MRR, and VGPR attainment in 100%, 95%, and 42%,
respectively.”® Therapy was well tolerated, with grade >3 neu-
tropenia or rash in 2 patients (1 each).

Acalabrutinib

Monotherapy Acalabrutinib was evaluated in a multicenter
study of 106 patients with treatment-naive and relapsed/
refractory WM. An update was recently presented, with a
median follow-up of 64 months.>® Treatment duration was
longer for patients with relapsed/refractory (61 months) vs
treatment-naive (42 months) disease. The ORR and MRR were
94% and 83%, respectively. A VGPR was attained in 25% of
patients. The 66-month PFS rate was 84% for patients with
treatment-naive disease, and 52% patients with for relapsed/
refractory disease. OS rates at 66-months were 91% and 71%
for patients with treatment-naive and relapsed/refractory dis-
ease, respectively. With longer follow-up, the incidence of any
grade atrial fibrillation was 11%. Grade 3/4 toxicities for all
patients also included bleeding (6%), hypertension (4%), and
infections (30%). Data on the impact of MYD88MYt  and
CXCR4M“® status on acalabrutinib response are limited.

Acalabrutinib in combination therapy Preliminary results
were recently presented for the BRAWM study that investigated
fixed duration treatment with acalabrutinib, bendamustine, and
rituximab (Benda-R) in patients with symptomatic, treatment-
naive WM.”® A preplanned analysis for the first 30 enrolled
patient showed an MRR of 88%, and VGPR attainment for 70%,
for 17 evaluable patients with WM who completed 7 cycles.
Grade 3/4 toxicities included neutropenia (27%) with febrile
neutropenia (6%); 1 patient had atrial fibrillation. A dedicated
study of acalabrutinib with rituximab is ongoing in patients with
anti-myelin-associated  glycoprotein—positive = demyelinating
neuropathy (ClinicalTrials.gov identifier: NCT05065554).

Tirabrutinib

Tirabrutinib is approved in Japan. In a phase 2 study, 18
patients with treatment-naive disease and 9 patients with
relapsed/refractory disease received tirabrutinib.*® With a
median follow-up of 25 months, the ORR and MRR were 96%
and 93%, respectively. The VGPR rate was 30%. CXCR4M“t
status affected time to major response and VGPR attainment,
although all patients with CXCR4M" achieved a major response.
One patient with MYD88"T achieved a major response. The 24-
month PFS and OS rates were 92.6% and 100%, respectively.
Rash (all grades) occurred in 12 (44%) patients. Grade 3/4
neutropenia occurred in 6 (22%) patients, and 2 (7%) experi-
enced atrial fibrillation. Tirabrutinib activity has also been
reported in multiple BNS case reports.”” >’

Pirtobrutinib

Pirtobrutinib is a non-cBTKi that binds to non-BTK<**" sites
and inhibits both wild-type and Cys*®'-mutated BTKs. Pirto-
brutinib also blocks MYD88M4 driven ERK signaling in ibrutinib-
resistant BTK®*8'5¢expressing WM cells.*®¢"  Twenty-six
patients with WM were included in a phase 1/2 (BRUIN)
study.”’” An expansion of the WM cohort was recently reported
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with 80 evaluable patients with WM.*® Sixty-three of these
patients were cBTKi exposed. The MRR (66% vs 88%) was lower
in patients who were cBTKi exposed vs patients naive to cBTKis,
respectively. VGPRs occurred in 24% and 29% of patients who
were cBTKi exposed and naive to c-BTKis, respectively. The
median PFS for those receiving prior cBTKi therapy was
19.4 months.

Positioning of BTKis in WM

Case 1: patients with newly diagnosed WM with
symptomatic hyperviscosity

A 42-year-old man presented with blurry vision and nosebleeds.
Physical examination revealed retinal hemorrhages, marked
axillary and inguinal adenopathy, and splenomegaly. He was
pancytopenic. Serum protein electrophoresis revealed an IgMA
monoclonal protein, and slgM of 12 400 mg/dL. Computed
tomography (CT) scans showed diffuse bulky adenopathy. BM
biopsy demonstrated 80% lymphoplasmacytic (LPL) cell
involvement, and molecular diagnostics showed MYD88-2¢%"
and CXCR4°338% mutations.

Figure 2 provides an algorithm for patients with symptomatic,
treatment-naive WM. The recommendations presented here-
after considered recent consensus panel guidance.®” For
patients who are symptomatic and treatment naive, chemo-
immunotherapy with Benda-R, and dexamethasone, rituximab,
and cyclophosphamide (DRC), as well as BTKis can be consid-
ered. For chemoimmunotherapy, we favor Benda-R over DRC,
because the former may offer deeper responses and longer
PFS.%*%% We favor using 4 cycles when possible to minimize
short- and long-term adverse events, given findings from 2
retrospective studies including a dedicated study in patients
with symptomatic treatment-naive WM that showed no differ-
ence in outcomes with 4 vs 6 cycles.®*** We do favor use of up
to 6 cycles of Benda-R when treating bulky disease or

symptomatic amyloidosis. As part of these recommendations,
we considered a multicenter, retrospective study, wherein start
dosing depended on local practice and showed a benefit in
major response attainment and PFS for patients who received
>1000 mg/m2.°> No such benefit was seen with patients with
relapsed/refractory disease.

In patients aged >70 years or with a low estimated glomerular
filtration rate, reduced-dose bendamustine should be consid-
ered. Data on the relative activity of BTKis vs chemo-
immunotherapy are minimal. A multicenter, retrospective study
of 246 patients with treatment-naive MYD88™* WM compared
outcomes for Benda-R vs ibrutinib.®” Seventy-seven percent of
patients received >4 cycles of Benda-R. The median follow-up
was 4.2 years. Major response (92% vs 83%), VGPR (50% vs
33%), and CR (20% vs 2%) rates were greater for patients
treated with Benda-R vs those treated with ibrutinib, respec-
tively. PFS and OS were similar, supporting that BTKis offer
comparable long-term disease control to Benda-R.

For patients with only MYD88M"*, we favor cBTKi to minimize
risk for acquired TP53*". Because all cBTKis exhibit similar
activity in patients with only MYD88MYt (Table 1), the choice
should consider accessibility and guidance offered in Table 3.
For patients with CXCR4M"* requiring a rapid response such as
case 1, Benda-R or zanubrutinib may be reasonable. Plasma-
pheresis should be performed in those with symptomatic
hyperviscosity. Rituximab should be held if Benda-R is chosen
until the slgM level is <4000 mg/dL to avoid triggering a
hyperviscosity crisis.®? Zanubrutinib may also be considered in
patients with CXCR4M"* needing a rapid response. The median
time to a major response was 2.8 months in patients with
CXCR4M"* WM receiving zanubrutinib in the ASPEN study,
which is comparable with that of patients receiving Benda-
R.3>%8 |n case 1, Benda-R is more suitable because data with
BTKis in patients with bulky disease are lacking.

BTK-inhibitor (monotherapy)

based regimen

—— severe HV, CAGG, CRYOS, —» Other options: Pl based

—

Zanubrutinib
Other options: Benda-R, or
Pl based regimen

— Other options: Benda-R, PI
MYDggMut
CXCR4WT
Rapid Response
> Required
MYD88
CXCR4 MYDggMut
TP53* CXCR4Mut
Genotyping Rapid Response
—> Not Required
MYDggWT
»
CXCRAWT _|_>

Plasmapheresis for Benda-R

rapidly progressing IGM PN regimen, Zanubrutinib

Zanubrutinib
Other options: Ibrutinib plus
rituximab, Benda-R, Pl based regimen

Figure 2. Genomic-based treatment algorithm for patients with symptomatic, treatment-naive WM. Clinicians should consult local regulatory approvals and guidelines
for BTKi status and use in WM. Algorithm represents the recommendations of the authors based on clinical trial data summarized in the text, consensus recommendations (as
previously published®, and their practice experiences with patients with WM. Recommendations are intended for educational purposes. Rituximab should be held if
chemoimmunotherapy is chosen until the sigM levels are <4000 mg/dL to avoid triggering or exacerbating a hyperviscosity crisis. Benda-R can be considered for patients with
bulky adenopathy or extramedullary disease. Pl-based therapy or Benda-R can be considered for symptomatic amyloidosis with autologous stem cell transplantation as
consolidation in select patients (as discussed elsewhere®). Rituximab alone, or with ibrutinib for MYD88M* or Benda-R are options for patients with IgM demyelinating
peripheral neuropathy depending on severity and pace of progression. Maintenance rituximab may be considered in patients aged >65 years responding to chemo-
immunotherapy with rituximab (as discussed elsewhere®). Rituximab, cyclophosphamide, and dexamethasone (RCD) is an option for chemoimmunotherapy if Benda-R is not
accessible (as discussed elsewhere®). *Zanubrutinib may also be prioritized for those with TP53 alterations (as previously reported™). Clinical trial options should always be
considered. Benda, bendamustine; CAGG, cold agglutinins; CRYOS, cryoglobulinemia; HV, hyperviscosity; PN, peripheral neuropathy; R, rituximab.
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Table 3. Guide for selecting BTKis for the treatment of
WM

Preference Alternative

BTKi options for initial therapy

Ibrutinib
Zanubrutinib*
Tirabrutinib*

Zanubrutinibt

Convenience/compliance Acalabrutinib

Ibrutinib
Acalabrutinib
Tirabrutinib®

Deep IgM response needed
(ie, IgM demyelinating
neuropathy,
cryoglobulinemia, and cold
agglutinemia)

BNS Ibrutinib
Tirabrutinibt

Zanubrutinib§

Zanubrutinib

History or predisposition to
arrythmia

History or predisposition to Zanubrutinib§

bleeding

Neutropenic or pancytopenic | lbrutinib

MYD88WT Zanubrutinib

CXCR4Mt Zanubrutinib Ibrutinib plus
rituximab

TP53 alteration Zanubrutinib Ibrutinib

BTKi options for switchover

Dose-reduction | Pirtobrutinibq]
of lbrutinib
Zanubrutinib

Acalabrutinib|
Zanubrutinib

Intolerant to ibrutinib for
adverse events other than
atrial fibrillation

Intolerant to ibrutinib due to Pirtobrutinibf]

atrial fibrillation

Acquired resistance to a cBTKi | Pirtobrutinib

Preferences are based on availability and weight of clinical data supporting the use of a
particular BTKi for a select patient and represent the viewpoint and experience of the
authors. Supporting data for these recommendations are presented in the text. Listed
BTKis are approved for WM and/or other indications in any jurisdiction. Clinicians should
consult local regulatory approvals and guidelines for their status and use in WM.

*Zanubrutinib is approved for use as single (320 mg) daily or twice-daily (160 mg)
administration.

TASPEN data demonstrating a higher VGPR rate for zanubrutinib vs ibrutinib is based on
twice-daily administration of zanubrutinib.

fTirabrutinib is only approved in Japan. No randomized data against any other cBTKi.

§ASPEN data demonstrating a lower risk of atrial fibrillation and bleeding diathesis for
zanubrutinib vs ibrutinib is based on twice-daily administration of zanubrutinib.

||Switchover data suEPorted by a study with patients with chronic lymphocytic leukemia (as
%)

previously reported®”).

fISafety data for use in WM remain limited. Alternatives to BTKis for patients who are
intolerant or those with acquired resistance to BTKis are presented in the text.

Zanubrutinib can be considered in patients with CXCR4™"* not
needing rapid disease control because a shorter time to major
response, deeper responses, and longer PFS were observed vs
ibrutinib.®>** For patients with MYD88"T, zanubrutinib is
favored for those who are symptomatic and treatment naive
because high levels of response and long-term disease control
can be achieved.”” Benda-R and proteasome-inhibitor (PI)-
based therapy are reasonable alternatives in patients with
CXCR4M“t or MYD8SWT %870 TP534" status can be considered
in positioning BTKis. Zanubrutinib is our preference for patients
with TP53" with WM, given the ASPEN study findings showing
higher levels of activity and long-term disease control vs
ibrutinib.*®
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Case 2: patients with previously treated WM with
high-risk disease requiring therapy

A 42-year-old woman presented with headaches and blurry
vision. Workup showed a sigM monoclonal protein; sigM level
>10 000 mg/dL; and 85% to 90% BM LPL cell involvement.
Molecular studies revealed MYD882%F, CXCR4V**°F5, and
TP53Y'¢3C mutations. Her hemoglobin was 9.9 g/dL, and her
platelet count was 72 000 x 10%/uL. She received bortezomib,
dexamethasone, and rituximab with a partial response but
progressed 1.5 years later. She then received venetoclax (on a
clinical trial) with no response after 3 months of therapy.

Figure 3 provides an algorithm for patients with symptomatic,
previously treated WM. The recommendations considered
recent consensus panel guidance.”" The panel noted that bio-
logical age, comorbidities, and fitness; nature of the relapse;
patient preferences; hematopoietic reserve; and mutation sta-
tus (MYD88, CXCR4, and TP53) should be considered in treat-
ment selection. For patients with only MYD88M'* who are
refractory or in first relapse after initial chemoimmunotherapy,
cBTKis should be considered. Because all cBTKis exhibit similar
response activity in patients with MYD88MYt (Table 1), the
choice of agent should consider accessibility and guidance
offered in Table 3. For patients with MYD88M"*CXCR4M"* who
are refractory or in first relapse after initial chemo-
immunotherapy, zanubrutinib would be our preference.** In
patients with MYD88™T WM, zanubrutinib would also be our
recommended treatment after initial chemoimmunotherapy.*
Zanubrutinib is also preferred for patients with TP534" WM
such as case 2 with MYD88M'CXCR4MTP534",

In patients discontinuing ibrutinib, chemoimmunotherapy
showed an ORR of 73%.”” Response rates were higher in
patients who began chemoimmunotherapy within 2 weeks of
ibrutinib discontinuation.”? Because slgM rebound is common
after cessation of BTKis, a bridging strategy for continuing BTKi
until disease control with chemoimmunotherapy is achieved can
be considered in patients with high sigM levels.*®"?

For patients refractory to initial cBTKi therapy, Benda-R is rec-
ommended regardless of genomic subtype. Rituximab should
be held if Benda-R is chosen until the slgM is <4000 mg/dL to
avoid triggering a hyperviscosity crisis. For those progressing
after initial cBTKi response, options include Benda-R, Pl-based
therapy, venetoclax, or pirtobrutinib. We prefer to minimize
alkylator exposure whenever possible, particularly in patients
aged <70 years or with TP53*", For these patients, venetoclax is
preferable because it is highly active in patients with WM pre-
viously exposed to cBTKi or with CXCR4M"* disease.”*’* The
activity of venetoclax in patients with MYD88"" or TP53A"
patients with WM remains to be clarified. Pirtobrutinib is an
option post-cBTKi therapy although its activity in patients with
MYD88"T or MYD88M'CXCR4M" is not known.*’* Benda-R or
Pl-based regimens can also be considered in those progressing
on a cBTKi because these are active across all genomic sub-
types.®®’? Additional options in second or later relapse include
re-use of chemotherapy if a response lasted for >3 years,
alternative chemoimmunotherapy, nucleoside analogues, or
everolimus.”" Clinical trials should be prioritized for patients
who are relapsing.”*
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Refractory or First Relapse
after initial chemoimmunotherapy:
cBTK-inhibitor alone

Refractory or First Relapse
after initial cBTK-inhibitor therapy:
Benda-R (if refractory)
Benda-R, Pl based regimen,2
Venetoclax or Pirtobrutinib (if relapsed)

Refractory or Second or Later Relapse
and cBTK-inhibitor naive:
cBTK-inhibitor alone

Refractory or Second or Later Relapse
and progressed on cBTK-inhibitor and
chemoimmunotherapy:
Venetoclax
Other options: Pirtobrutinib,
chemoimmunotherapy,’

Refractory or First Relapse
Zanubrutinib
Refractory or First Relapse

Benda-R (if refractory)

Refractory or First Relapse
after initial chemoimmunotherapy:
Zanubrutinib
Alternatives: Ibrutinib plus rituximab,

Pl based regimen2 e —
.............. q
Refractory or First Relapse
after initial cBTK-inhibitor therapy:
Benda-R (if refractory)
Benda-R, Pl based regimt—:n,2
Venetoclax or Pirtobrutinib (if relapsed)

MyDgg*
> CxCra™
Plasmapheresis
MYD88 If severe HV,
CXCR4 N MyD8ggMut CAGG, CRYOS, .
TP53' CXCR4Mut rapidly
Genotyping progressing IGM
PN
MyDgg""
> CxcraV

after initial chemoimmunotherapy:

after initial cBTK-inhibitor therapy:

Benda-R, Pl based regimen (if relapsed)

nucleoside analogues, everolimus

Refractory or Second or Later Relapse
and cBTK-inhibitor naive:
Zanubrutinib
Alternative: |brutinib plus rituximab,
Pl based regimen

Refractory or Second or Later Relapse
and progressed on cBTK-inhibitor and
chemoimmunotherapy:
Venetoclax
Other options: Pirtobrutinib,
chemoimmunotherapy,3
nucleoside analogues, everolimus

Figure 3. Genomic-based treatment algorithm for patients with symptomatic, previously treated WM. Clinicians should consult local regulatory approvals and
guidelines for BTKi status and use in WM. Algorithm represents the recommendations of the authors based on clinical trial data summarized in the text, consensus rec-
ommendations (as previously reported®®), and their practice experiences with patients with WM. Recommendations are intended for educational purposes. See also notations
for Figure 2. Nucleoside analogues should be avoided in younger patients, and candidates for autologous stem cell transplantation. Autologous stem cell transplantation may
be considered in patients with multiple relapses and chemotherapy-sensitive disease, and those with amyloidosis for consolidation after Pl or Benda-R therapy (as discussed

elsewhere®)

For those with bulky extramedullary disease such as case 1,
Benda-R is more suitable because data with BTKis in patients
with bulky disease are lacking. For patients with WM with
symptomatic amyloidosis, consensus recommendations favor
Benda-R or Pl-based therapy followed by consolidation with
high-dose chemotherapy and autologous stem cell trans-
plantation in suitable patients.*® Findings in a small number of
cases treated with ibrutinib or acalabrutinib showed a short PFS
as well as more pronounced bleeding and atrial fibrilla-
tion.>?7>7¢ BTKis, particularly ibrutinib or tirabrutinib (in Japan)
can be prioritized for patients with BNS, given more extensive
reports showing activity and durability for these BTKis.'>%°7-

Management of BTKi intolerant or

resistant WM disease

Case 3: patient on ibrutinib who is in a VGPR and
develops atrial fibrillation

A 73-year-old man presented with fatigue and hemoglobin of
9.1 g/dL. Workup showed an slgM monoclonal protein and an
sigM level of 2301 mg/dL. BM biopsy showed 50% LPL cell
involvement, and only the MYD88"2%® mutation was detected.
CT scans showed diffuse adenopathy (largest node, 2.3 cm) and
mild splenomegaly. He began ibrutinib and attained a VGPR.
One year after starting ibrutinib, he had symptomatic atrial
fibrillation with a rapid ventricular response. Cardiac workup for
amyloid deposition was unremarkable. He was started on

BTK INHIBITORS IN WALDENSTROM MACROGLOBULINEMIA

. 'Zanubrutinib may also be prioritized for those with TP53 alterations (discussed elsewhere®). Clinical trial options should always be considered.

metoprolol and received anticoagulation therapy with apix-
aban. He was cardioverted but had multiple additional epi-
sodes of atrial fibrillation. He also had hematuria and
ecchymosis on anticoagulation.

The discontinuation rate for rituximab intolerance is ~30%.””""®
Dose reduction with ibrutinib was evaluated in 353 patients with
WM followed-up for a median of 64 months.”® Ninety-six (27%)
required a dose reduction because of adverse events.”® Dose
reductions were more common in those aged >65 years, and in
women. Following dose reduction, most patients (65%) had
improvement or resolution of adverse effects. Hematologic
responses were sustained or deepened in most (79%) patients.
Of 10 patients with atrial fibrillation, only 1 had no recurrence of
arrhythmia after dose reduction. For patients with WM such as
case 3 with ibrutinib-related atrial fibrillation, switching to
another BTKi is more appropriate. The use of zanubrutinib to
treat patients with ibrutinib or acalabrutinib intolerance was
investigated in a study that included patients with WM.%” Most
intolerance events for ibrutinib (70%) and acalabrutnib (83%)
did not recur after zanubrutinib switchover. Of 10 patients
switched over for atrial fibrillation (all from ibrutinib), 9 had no
recurrence. The long-term disease control rate was 94% after
switchover to zanubrutinib. A switchover should be initiated as
soon as possible to prevent an sigM rebound.*’ Data for
switchover from ibrutinib to acalabrutinib are limited, with
recurrence of atrial fibrillation occurring in 1 of 2 patients with
chronic lymphocytic leukemia.”’
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Case 4: patient with heavily pretreated WM who is
progressing on ibrutinib

A 55-year-old man was diagnosed 13 years earlier with WM after
presenting with anemia and fatigue. At diagnosis, his hemoglo-
bin was 9.6 g/dL, his sigM was 2800 mg/dL, and BM biopsy
showed 90% involvement. CT scans were unremarkable. He had
minimal or no response to cyclophosphamide, prednisone and
rituximab; Benda-R; bortezomib/dexamethasone; and ever-
olimus. He then started ibrutinib at 420 mg/dL and attained a
VGPR. Eleven years later he presented with fatigue and hemo-
globin of 7.1 g/dL. BM biopsy showed 95% LPL cell involvement,
and 2 distinct BTK®Y**8" (¢.1442G>C; c1441 T>A) mutations.

In patients with BTK®**®" mutation-related acquired c-BTK-|

resistance such as case 4, a switchover to another ¢-BTKi is not
recommended. Pirtobrutinib can be considered for patients pre-
viously exposed to a cBTKi in whom a MRR of 66% and PFS of
19.4 months was reported, although specific data for patients
harboring BTK®**8" mutations awaited.*’*® Venetoclax also is an
option, and is highly active in patients with WM previously
exposed to BTKis or with CXCR4M"" disease.”*’* Lower ORR (76%
vs 93%) and MRR (76% vs 87%) were observed among patients
previously exposed to cBTKi than in patient exposed to c-BTKis,
although no significant difference in PFS was observed.”* As
discussed earlier, chemoimmunotherapy may also be considered
in those intolerant or progressing on c-BTKis.”" Additional salvage
options are presented in Figure 3. Our preference in patients with
WM with acquired resistance to c-BTKi is to alternate to a non-
cBTKi such as pirtobrutinib, if available, then class switch to a
BCL2 inhibitor such as venetoclax. Chemoimmunotherapy or
clinical trial options may subsequently be considered for patients
who progressed on both BTK and BCL2 inhibitors.

Considerations for the choice of BTKis
in WM

In selecting BTKis, compliance, nature of disease manifestation,
comorbidities, mutational status (MYD88, CXCR4, TP53, and
BTK=**®"), as well as tolerance and presence of acquired
resistance to cBTKi should be considered. Table 3 summarizes

patient and disease characteristics including genomics in the
choice of BTKis for WM.

Withdrawal symptoms related to BTKis

Withdrawal symptoms can develop in 20% of patients with WM
holding ibrutinib.?® Symptoms usually ensue within 2 days of
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