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Optimal use of BTK inhibitors in
Waldenstrom’s macroglobulinemia:
combination or single drug approach?
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Abstract: Waldenstrom macroglobulinemia is an indolent B-cell lymphoma which although
remains incurable, there are a lot of treatment options. Today, Bruton tyrosine kinase
inhibitors have a central role in the management of the disease either as monotherapy or
combination with other regimens, due to their efficacy, ease of administration, and safety
profile. However, there is still active clinical investigation to further increase their efficacy and
improve safety profile. Combinations based on BTK inhibitors may offer advantages. Second-
and third-generation BTK inhibitors are also evaluated in combinations aiming to improve the
depth of response, overcome genetic factors associated with poorer outcomes and reduce

toxicity and duration of therapy.
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Introduction

Waldenstrom’s macroglobulinemia (WM) is an
indolent B-cell lymphoma characterized by the
infiltration of the bone marrow by lymphoplas-
macytic cells that produce various amounts of
monoclonal immunoglobulin M (IgM).! WM is a
disease of the elderly with a median age at the
time of diagnosis being around 70-71 years.? It is
a rare disease (2% of all lymphomas), with a 2:1
male predominance and higher incidence among
Caucasians.? Interestingly, a familial predisposi-
tion has also been described.®” Genetically, WM
is characterized by the presence of clonal MYDS88
mutations that are observed in >90% of patients,
while in up to 40% somatic CXCR4 mutations
are found, and which are associated with higher
bone marrow burden, serum IgM levels and risk
of hyperviscosity, shorter time from asympto-
matic to symptomatic WM, and relative resist-
ance and shorter duration of response (DOR) to
some treatments.>8

Our therapeutic armamentarium to manage WM
includes a variety of options with favorable
results®11; however, it still remains an incurable

disease, following a natural history that is charac-
terized by remissions and relapses requiring man-
agement with different therapies. The introduction
of Bruton tyrosine kinase (BTK) inhibitors
offered the most effective single-agent therapy for
WM but also introduced new challenges, since
these drugs are offering unparalleled response
rates but cannot eliminate and require continu-
ous therapy to control the disease. In addition,
the genetic profile of the clone (the presence of
MYDS88295P and of mutations in CXCR4) can
affect the efficacy of BTKs, introducing the need
for combination therapies to overcome these
challenges. The aim of this review is to present
the current data on BTK inhibitors (BTKSs) as
single agents in frontline and previously treated
patients or as combinations with other regimens
and elucidate their role as part of the sequential
therapy in WM.

BTKs inhibitors in WM

BTK inhibitors play a significant role in the man-
agement of B-cell malignancies targeting B-cell
receptor (BCR) signaling pathways. Ibrutinib is
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the first-in-class BTK inhibitor which forms an
irreversible covalent bond with cysteine residue at
position 481, leading to a constant inhibition of
BTK even after the metabolism of the drug.!213
Ibrutinib is the first drug that received approval
for WM in 2015 by the Food and Drug
Administration (FDA).!3 It is administered orally
with a recommended dose of 420mg daily.
However, ibrutinib is a moderately selective BTK
inhibitor that also inhibits other off-target
cysteine-containing kinases which may result in
adverse events.!? The most common toxicities of
ibrutinib are bleeding diathesis, cytopenias, infec-
tions, and atrial fibrillation.!3 Moreover, the pres-
ence of somatic CXCR4 mutations limits the
efficacy of ibrutinib.* Second-generation cova-
lent BTK inhibitors, such as zanubrutinib, acala-
brutinib, tirabrutinib, and orelabrutinib, have
been developed. Zanubrutinib gained approval by
the FDA for WM in 2021. These second-genera-
tion BTKSs also form covalent, irreversible bonds
with the cysteine 481 residue, but with higher
selectivity.!?2 Zanubrutinib is associated with sig-
nificantly lower risk for bleeding and atrial
arrhythmias but higher risk of cytopenias than
ibrutinib in a head-to-head comparison.!>
Although acalabrutinib is not yet approved for
WM, it is characterized by higher selectivity with
somewhat improved toxicity profile compared to
ibrutinib!%; mostly regarding lower rates of atrial
arrhythmias!” and lower frequency of hemor-
rhagic complications.!8

Despite the use of second-generation covalent
BTK inhibitors that have a more favorable profile
concerning cardiovascular toxicity, this remains
significant. The most common cardiovascular
complications of covalent BTK inhibitors that
have been reported include hypertension, atrial
fibrillation, and ventricular arrhythmias, includ-
ing sudden cardiac deaths.!® Although second-
generation BTK inhibitors are safer, with
significantly lower risk of arrhythmias and hyper-
tension, the decision to use covalent BTK inhibi-
tors should be personalized based on their toxicity
profile and the cardiovascular co-morbidities of
the patient.’> Third-generation (noncovalent)
BTK inhibitors, such as pirtobrutinib and nemta-
brutinib, have also been investigated in WM.
These are reversible BTK inhibitors, with pirto-
brutinib being more selective than nemtabruti-
nib.!? Noncovalent BTK inhibitors have shown
efficacy even in covalent BTK inhibitor resistant

disease and a safer toxicity profile, especially con-
cerning cardiovascular complications.20-22

Acquired, and (less commonly) inherent, resist-
ance to BTK inhibitors is a significant therapeutic
challenge. Mechanisms of resistance to BTK
inhibitors have been more extensively studied not
only in chronic lymphocytic leukemia (CLL),
mantle cell lymphoma (MCL), diffuse large
B-cell lymphoma but also in patients with WM.
BTK inhibitors block BTK signaling through
binding to Cys-481 thus leading to the inhibition
of the BCR pathway. Amino acid substitutions of
Cys-481 (replacement of cysteine with other
amino acids, such as serine (C481S) or arginine
(C481R)) of BTK or mutations in the phospholi-
pase C gamma 2 gene (PLCG2) are some com-
mon acquired mechanisms of resistance to BTK
inhibitors.?> Continuous use of covalent BTK
inhibitors can lead to acquired mutations result-
ing in activation of ERK1/2 pathway and subse-
quently resistance to the site of bond with cysteine
481 residue.?%2¢ Moreover, 8p loss is another
acquired resistant mechanism to covalent BTK
inhibitors.??> This deletion has been noticed in
patients refractory to BTK inhibitors without
mutations of BTK or PLCG genes.?32> In WM,
deletions on chromosomes 6q (including homozy-
gous deletions) and 8p, recurring mutations in
ubiquitin ligases, innate immune signaling, and
TLR/MYDB88 pathway regulators have also been
implicated in resistance to BTKs (mainly ibruti-
nib).2> There is also data supporting that patients
with CXCR4 mutations are prone to acquired
resistance to BTK inhibition.?* The surface
receptor CXCR4 interacts with the chemokine
CXCLI12 resulting in the activation of Akt sign-
aling which leads to prolonged survival of the
cancer cells.?? Noncovalent BTK inhibitors such
as pirtobrutinib seem to provide a solution to this
limitation, as they can overcome resistance
related to C481S mutations. In the BRUIN
study, patients refractory to ibrutinib responded
to pirtobrutinib, but the rates, depth, and dura-
tion of these responses were less optimal than in
non-cBTK resistant patients. Data from the CLL
field indicate that other second-site acquired
BTK mutations may lead to resistance to pirto-
brutinib. Thus, additional clinical trials are
needed to clarify the exact place of noncovalent
BTK inhibitors in the sequence of treatments for
WM and the mechanisms of resistance and clonal
escape.l4
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Monotherapy with BTK inhibitors

Ibrutinib

Ibrutinib has been investigated either as a single
agent or in combination with other regimens in
the frontline of WM or in previously treated
patients. The results of these clinical trials are
described in Tables 1 and 2. The pivotal study of
ibrutinib monotherapy that led to its approval
included 63 relapsed/refractory WM patients
without prior exposure to ibrutinib.26 The highest
response rates were recorded among patients with
MYDS8825F and CXCR4 wild-type genotypes,
being the first study that demonstrated the impact
of MYD88 and CXCR4 mutation status in treat-
ment response. The long-term results of the study
confirmed the high response rates (overall
response rate (ORR) 0f 90.5% and major response
rate (MRR) of 79.4%), and a favorable 5-year
progression-free survival (PFS) and overall sur-
vival (OS) of 54% and 87%, respectively.??

In a substudy of the INNOVATE trial, ibrutinib
was evaluated as a single agent in 31 pretreated
WM patients who were rituximab-refractory.28 At
a median follow-up of 50 months, the ORR and
MRR were 87% and 77.4%, respectively, while
the median PFS was 39 months and 5-years PFS
was 40%.2° Notably, in patients with CXCR4
mutations the 60months PFS was 60% versus
0% (median 18 months). Hence, ibrutinib mono-
therapy in WM patients with disease that is refrac-
tory to rituximab-based therapy is an option with
significant efficacy and durable responses, espe-
cially when CXCR4 mutations are absent.

Ibrutinib monotherapy in previously untreated
symptomatic patients with WM also demon-
strated favorable results.3%31 In a study that
enrolled only patients harboring MYDS&S8L265P,
after a median follow-up of 50 months, ORR and
MRR were 100% and 87%, with a 4-year PFS
rate of 76%. Consistent with findings in the piv-
otal study of ibrutinib, the presence of CXCR4
mutations unfavorably affected response rates
and PFS.26

Abeykoon et al.32 presented real-world (retro-
spective) evidence concerning the efficacy and
safety of ibrutinib monotherapy in both treat-
ment-naive and previously treated WM patients.
The MRR was 78% and the 18-month PFS was
82%. However, the researchers underlined that

the use of ibrutinib has challenges as 31% of the
enrolled patients discontinued ibrutinib mainly
due to toxicities and 18% required a decreased
dose. Acquired resistance to ibrutinib monother-
apy is an important challenge. Combinations of
bendamustine-rituximab (BR) and bortezomib—
dexamethasone-rituximab (BDR) have shown
activity, especially in patients without prior expo-
sure to them.333* Qutside the context of clinical
trials, Abeykoon et al.32 provided data that after
ibrutinib discontinuation chemoimmunotherapy
regimens such as BR or dexamethasone-rituxi-
mab-cyclophosphamide (DRC) were effective as
salvage options. Proteasome inhibitor-based regi-
mens may be another options for such patients
while the introduction of noncovalent BTK
inhibitors (such as nemtabrutinib and pirtobruti-
nib) and of BCL-2 inhibitors (such as venetoclax
or sonrotoclax) which have also shown activity in
ibrutinib refractory or intolerant patients may be
other options and will be discussed in more detail.

Zanubrutinib

Zanubrutinib is a selective, irreversible second-
generation covalent BTKi33; this drug has been
investigated in several clinical trials in WM either
as monotherapy or in combinations as described
in Table 3.

Zanubrutinib has been administered as mono-
therapy either in frontline or in relapsed/refrac-
tory WM patients achieving deep (but still not
complete) and durable responses.3%:37 The first
studies in WM, by Trotman et al.,3¢ showed very
high response rates among treatment-naive as
well as in pretreated patients (ORR: 100% vs
93.9%, PFS: 91.5% vs 76.2%).

In the ASPEN trial, the safety and efficacy of zan-
ubrutinib was compared directly to that of ibruti-
nib.15:3% The primary endpoint of the study was
the rates of CR and very good partial response
(VGPR): this was not met, although they were
numerically higher with zanubrutinib (28% and
19%), and there were no CRs. ORR and MRR
were similar (93.9% vs 95.1% and 79.8% vs
81.4%, respectively) with the 42-month event-
free PFS and OS being 69.7% and 85.2% for
ibrutinib versus 78.3% and 87.5% for zanubruti-
nib, respectively. Importantly, higher rates of
VGPR were recorded on zanubrutinib-treated
patients carrying CXCR4 mutations compared to

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

THERAPEUTIC ADVANCES in

Hematology

Volume 15

'asu0dsal JOUIW ‘YN 1BAIAINS 93J4-U0ISSaibold ueIpaW ‘SHqW ‘asuodsal 1)BJaA0 UBIPAW ‘GOW ‘SYUOW ‘oW ‘UBIPaW ‘W ‘qIuiyniqi

‘elwaulngo)boioew wouisuspiep ‘INM ‘@suodsad jenjued poob Aisa ‘Yd9A ‘AU JuaWIeal) ‘N ‘aseasIp 81qeis ‘S ‘Alojdedjal/pasdeial 'Yy ‘gewixniu
'Y ‘syuaned ‘syd tasuodsau jeijued ‘Yd ‘1eAIAINS 8aJ)-uoissalboud ‘S4d aseasip aalssalbold ‘qd ‘asuodsad 11edano ‘SO ‘91t 8suodsad 11BJaA0 ‘YYQ ‘Jaquinu ‘oN ‘Jaquunu ‘u ‘sajed asuodsad Jolew ‘YYN

tapedb ‘19 tdn-moyjoj ‘dn/j ‘asuodsal 8181dwod ‘Y ‘S}UBAS 8SIBAPE ‘JY

‘pazAjeue aiam sjuaijed aNOM] 4,
's1d Yy pue N1 4109 0} pauIajay,

(Yoea ‘g=u) awoJpuAs sisA] Jowny ‘eayllelp

‘(7=u) 0onw ‘(g| =u) eluadounau :¢ U9
(L= %96 SO OW-Z ‘%48 3.l el 1earund
elwyiAydie Jejnolijuaa ‘(7 =u) eluadonynan 9944-1UdWIIEAI}-IXdU OW-¥Z ‘% 9/ :1S4d OW-¥Z || @seyd paziwopueiuou
W19 %Y ‘ZT=U YN ‘%EG ‘yZ=U XB]20}3UdA ‘anlpoadsoud ‘wue-a1buls TRRE]
(¢=U) elwyihylie JeINDLIUDA 1G U9 Ud %Ly ‘6L =U HdIN ‘%96 ‘U ‘%001 :¥Y0 (18-8€) L9 N1 % ‘qlunnaq| “Jajuadmnw ‘jage)-uadg onisey
(yaea ‘| =u) eipaedAyoe) Jejndlijusseldns
‘elwsiexodAy ‘(z=u) elwadhibiadAy
‘(e=u) eluadorhdoquioly] g 19
(yoes ‘| =u) eluadouinau eluadoifooquiody| %EE ‘7=U HdOA
w49 %001 *44IN ‘%001 ‘440 gewmdnoo)n el
* * (92-0%7)GL9 (4 7 'NL6) x+EL ‘qrunnuq| 1e21u1)2 ||/| 8seyd ‘jage)-uadg gg'1B 39 UOSI]
(%£9°7 'z=u) eluownaud payoeau JoN :y/0gedeid ‘payoeal JON Y|
‘(%4979 'G=u) uondeal pajejal-uoisnju| Sow
13y snolas ow g0z :y¥/0gedeyd ‘payoead 10N Y|
‘y/0gade)d ‘S4dw
[CBLE] %Y 14/0992€1d ‘%76 |
%£9°01 ‘8=u) eluownaud ‘uoney gy 1e1y Rel<[0] (4 17 'NL qewixnii
13V snoluss %1€ /099281 ‘%9 | (G8-6€)  ¥€) GL *¥-0g3de1d -ogaseyd sA el 1eo1und
dl AW 89 :y-099d8e1d (MY LY qewixnii 1l @seyd ‘payjosjuod-ogade)d
* rowigg Jo dn/y w (68-9€) 0L “dl ‘NL 7€) GL ¥l -qlunnuqj ‘pung-a1gnop ‘paziwopuey ;1€ 13 8xsng
payoead JoN oW 1eld} jeatund
OW 4E :SAdW ‘%7 LL “HHIN '%L8 *HH0 1 @seyd ‘panopuod-ogase)d EALRS
uonentiqy jelje oN owgg dn/y w (06-LY) L9 g4 1€ gunnJqj ‘pung-=1gnop ‘paziwopuey uewjoJ|
%2 G8 iSO J0J 918U 99UJ-}UBAS OW-7¥
payoeaJ Jou sem 5OW
(Y2ed %19 '9=u) (%Z°LL) L1 *SIUAS SO
uonenliqly elie "ellsue %z 0l ‘0l =u) %C ‘T=U:0d ‘%€ 1W88UANW | 3404o]
eluownaud ‘(%Y1 ‘61 =u) uoisualladAy '€=U:0S %L Y7L '7L=U HN ‘%G VS 7G=U dd el
€< 19 "%E'GZ 'GT=U "HdIN ‘%6 €6 “HHO ‘%8 6L “HUW (MY 18 1e21und ‘|| aseyd ‘usjusdmnw 51'1e 19
* * (06-8€) 0L pue NL8lL) 66 glunnJqj ‘1aqel-uado ‘paziwopuey sojnodowig
(yoes
%01 ‘c=u) eluadoJinau ‘aselajsueljoulwe
aulue)e pajeAd)a ‘uoisuailadAy
‘€49 %91 1918l S4d Jeak-y  uoneniul qlunnigl
(Yoed %eE "L =U) %EL 7=U M %LS *LL=U ‘dd %0E 18 (£8-EY) L9
uole)|gly JeINDLIUBA ‘BIUBd0IAI0qWIOIY | 16=U "IN ‘%L8 ‘92 =U "HYIN ‘%001 ‘0E=U 44O sisoubelp 1eL) 1ed1una || eseyd ‘4ajuad 1£118 19
w49 jowpgjodnjw WM IE (18-EY) 79 N1 0€ quunnig) - 916uls 1aqe)-uado ‘w.e a16uls onisey
(%6°L 'G=U)
eluadoihodquiolyy ‘(%G 4 ‘9=u) eluadoiinau
‘€49
(%G"L ‘L =u) eruadoinau a11ugay ‘(%1€ ‘7=U) %£8 :S0 129h-G
eluadolfooquiolyy ‘(%g 9 ‘7=u) eluadosinau %%G :S4d Jeah-g ‘owg’| :asuodsad Jolew o} w 1el}
49 %Y 64 "YU %G 06 *¥H0 ‘0w 4G :dn/j w (98-7Y) €9 4 €9 qunnJqj 1e21und || aseyd ‘jage)-uadg (z'1B 39 Uoal]
(abueu) WM
S}UDAS 3SIAAPY s)Insay abe ueipap yyum syd jo "oN uawibay Apnis jo adA Apnig

‘WM Ul qluiinagp ©L a1qel

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

E Solia and E Kastritis

Table 2. Other clinical trials of ibrutinib in WM.

Clinical Trial.gov ID Study type Regimen Eligibility
NCT03620903 Open-label, phase Il clinical ~ Bortezomib, rituximab, TN
trial ibrutinib
NCT04274738 Open-label, phase |b Mavorixafor, ibrutinib TN and RR
clinical trial
NCT04042376 Open-label, single-arm, Ibrutinib RR
multicenter, phase IV
clinical trial
NCT04263480 International, multicenter, Carfilzomib and TN and RR
open-label randomized ibrutinib vs ibrutinib
phase Il clinical trial
NCT04061512 Open-label, randomized Rituximab, ibrutinib TN
phase /11l clinical trial
NCT04840602 Randomized, phase Il Ibrutinib, rituximab with TN
clinical trial or without venetoclax
NCT03506373 Open-label, phase Il clinical  Ibrutinib, ixazomib TN, RR
trial citrate
NCT04260217 Phase Ib/Il open-label, APG-2575, ibrutinib TN
multicenter clinical trial
NCT02950220 Open-label, phase I/Ib Ibrutinib, RR
clinical trial pembrolizumab
NCT01804686 A phase Illb, multicenter, Ibrutinib pts must be
open-label, clinical trial participating in an
ibrutinib clinical study
NCT01955499 Open-label, phase | clinical Ibrutinib, lenalidomide RR
trial
NCTO03479268 Open-label, phase | clinical Pevonedistat, ibrutinib RR
trial
NCT03679624 Non-randomized, open- Daratumumab, ibrutinib  Cohort A: Ibrutinib naive
label phase Il clinical trial Cohort B: Ibrutinib
response plateau
NCT04062448 Open-label, phase Il clinical  Ibrutinib, rituximab TN, RR

trial

pts, patients; RR, relapsed/refractory; TN, treatment naive; WM, Waldenstrom macroglobulinemia.

ibrutinib arm (21.2% vs 10%) as well as in treat-
ment-naive and CXCR4VT patients. In a suba-
nalysis from this study, zanubrutinib had a more
favorable activity profile over ibrutinib in genetic
groups such as patients with CXCR4 non-sense
(NS) mutations and those harboring 7P53 muta-
tions. In an ASPEN substudy (cohort C), zanu-
brutinib monotherapy was given in 28 patients

(23 relapsed or refractory) with wild-type
MYDS88. The MRR was 50% and 18-month PFS
and OS were 68% and 88%, respectively. In this
direct comparison, the toxicity profile of zanubru-
tinib was more favorable than that of ibrutinib,
and in combination with the higher efficacy in
certain genotype groups, provides evidence to
support its use over ibrutinib. Although data are
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Table 4. Other clinical trials of zanubrutinib in WM.

Clinical Trial.gov ID Study type Regimen Eligibility

NCT05979948 Multicenter, open-label, phase Il Zanubrutinib, TN
clinical trial bendamustine, rituximab

NCT05914662 Open-Llabel, phase Il clinical trial Zanubrutinib, TN

bendamustine, rituximab

NCT05640102 Hybrid (retrospective and Zanubrutinib TN and RR
prospective], phase IV
observational study

NCT05326308 A prospective multicenter Zanubrutinib TN and RR
observational cohort study

NCTO04172246 Open-label, phase I/l clinical trial ~ Zanubrutinib RR

pts, patients; RR, relapsed/refractory; TN, treatment naive; WM, Waldenstrom macroglobulinemia.

limited about the sequence of covalent BTKis, in
a multicenter study, patients intolerant to ibruti-
nib or acalabrutinib received zanubrutinib.3® The
results revealed that among 64 evaluable patients
the ORR was 64.1%, suggesting that zanubruti-
nib could be an option for those patients that are
intolerant to ibrutinib or acalabrutinib, being a
better tolerated treatment.

Other ongoing clinical trials examining zanubru-
tinib, either as monotherapy in previously
untreated patients or as combination with other
regimes in pretreated or naive treatment patients,
are presented in Table 4.

Acalabrutinib in WM

Acalabrutinib is a highly selective, irreversible
covalent BTKi that has been approved for the
treatment of MCL and CLL/small lymphocytic
lymphoma (CLL/SLL).4%4! Although it has not
been approved for WM, it has been investigated
either as a monotherapy or in combination with
other regimens, as shown in Tables 5 and 6.

In a single-arm, multicenter phase II study, sin-
gle-agent acalabrutinib was evaluated in treat-
ment-naive and relapsed/refractory patients with
WM.42:43 Responses rates were high, with ORR
and MRR similar among pretreated and untreated
patients, although the estimated 66-month DOR
and PFS were higher in treatment-naive patients
(90% vs 45% and 84% vs 52%, respectively). In
this study, there was no systematic evaluation of

the effect of genotype to the efficacy and DOR
after acalabrutinib, but a post hoc analysis in a
subgroup of patients with available data indicated
higher MRR among MYDS88-25P yersus MYDS8S
wild-type patients.

Other covalent BTK inhibitors

Other covalent BTK inhibitors that are investi-
gated in WM are tirabrutinib and orelabrutinib.
Tirabrutinib is an oral, irreversible, covalent BTK
inhibitor that was approved in Japan in 2020 for
recurrent or refractory primary central nervous
system lymphoma.#* Orelabrutinib is a novel,
covalent, irreversible BTK inhibitor, orally
administered, with high selectivity.*> It has been
previously approved in China for relapsed/refrac-
tory patients with MCL and CLL/SLL.%° Both of
these two BTK inhibitors have been evaluated as
monotherapy in WM with high responses rates as
shown in Table 747-51: with tirabrutinib the ORR
and PFS at 2years were 96.3% and 92.6%,
respectively,®® and with orelabrutinib an ORR of
90.3% was achieved at 12months and the esti-
mated 1year PFS was 89.4%.5! These BTK
inhibitors may be associated with a lower risk of
atrial arrhythmias or bleeding compared to ibruti-
nib, and they seem to have similar efficacy.

Noncovalent BTK inhibitors

Noncovalent BTK inhibitors block BTK signal-
ing by different mechanisms than covalent BTKis.
They do not bind to the C481 residue of BTK,
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Table 5. Acalabrutinib in WM.

Study Type of study Regimen No of pts Median age Results Adverse events
with WM (range)
Owen et al.42  Multicenter,  Acalabrutinib 106 (14 TN TN: 73 5-Year-f/up: TN:
open-label, monotherapy and 92 RR) (48-86) ORR: 93% TN, 95%  Gr3-4: None
phase Il RR: 69 RR Any grade: Hemorrhage
clinical trial (39-90) MRR (=PR): 79% (n=10, 71%), diarrhea (n=6,
TN, 82% RR 43%), headache, arthralgia,
mPFS: NATN, nausea, and dizziness (n=5,
68mo RR 36% each)
mO0S: NATN and RR  RR:
Gr3-4: Hemorrhage (n=6,
6%), hypertension (n=4, 4%)
Berinstein Multicenter, Bendamustine, 30 TN b6 Month 7 (n=17): Gr 3:
et al.b4 open-label, rituximab, MRR: n=15, 88%; Neutropenia (n=8, 27%)],
single-arm, acalabrutinib VGPR: n=12, 70% febrile neutropenia (n=2,
phase I Month 12 (n=9): 6.6%), transaminitis,
clinical trial CR:n=1, 11%; atrial fibrillation, fatigue,
(BRAWM) VGPR: n=8, 89% pulmonary emphysema,
Month 18 (n=2): fever, allergic reaction,

PR:n=2, 100%

bowel obstruction (n=1,
3.3% each)

CR, complete response; Gr, grade; f/up, follow-up; mo, months; m0S, median overall survival; mPFS, median progression-free survival;
MRR, major response rate; n, number; NA, not available; No, number; ORR, overall response rate; 0S, overall survival; PR, partial response;
pts, patients; RR, relapsed/refractory; TN, treatment naive; VGPR, very good partial response; WM, Waldenstrom macroglobulinemia.

Table 6. Other clinical trials of acalabrutinb in WM.

Clinical Trial.gov ID Study type Regimen Eligibility

NCT04883437 Open-label, phase Il clinical trial Acalabrutinib, obinutuzumab TN pts

NCT02362035 Open-label, nonrandomized, phase Acalabrutinib, pembrolizumab Hematological malignancy
Ib/I1, clinical trial (KEYNOTE145)

NCT05065554 Open-label, phase Il clinical trial Acalabrutinib, rituximab Anti-MAG [myelin-

associated glycoprotein)
mediated neuropathy

pts, patients; TN, treatment naive; WM, Waldenstrom macroglobulinemia.

and thus, can overcome one of the mechanisms of
resistance to covalent BTKs (i.e., mutations in
the C481). In addition, due to their higher selec-
tivity and reversible binding to BTK they have a
more favorable toxicity profile. Pirtobrutinib
(previously known as LOXO-305) is a reversible,
noncovalent BTK inhibitor with evidence of
activity in WM cells that harbor BTKWYT,
BTKC481S| or BTKC48IR mutations.225253 It has
been evaluated as a single agent in previously
treated patients with WM with or without prior
exposure to covalent BTK inhibitors as shown in
Table 8.2253 The ORR (88% vs 81%)

were similar but the MRR (88% vs 67%) rates of
nonexposed to covalent BTKi patients versus
covalent BTK inhibitor pretreated patients were
higher; however, pirtobrutinib monotherapy was
able to overcome resistance to covalent BTKis.
Importantly, the toxicity profile was quite favora-
ble with very low rates of atrial arrhythmias or
other covalent BTKis-related toxicities. Other
ongoing clinical trials of pirtobrutinib either as
monotherapy or in combination with other regi-
mens in previously treated WM patients are
shown in Table 9. Nemtabrutinib is another
reversible, noncovalent BTK inhibitor which is
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Table 7. Other covalent BTK inhibitors in WM.

Study Type of study Regimen No of pts  Median age Results Adverse events
with WM (range)
Walter et al.4” Multicenter,  Tirabrutinib 3 RR NA PR:n=1 Urticarial reaction
dose (n=1), nonimmune drug
escalation, reaction (n=1)
phase |
clinical trial
Sekiguchi Multicenter,  Tirabrutinib 27 (18 TN TN: 70.5 Median f/up 25mo: TN:
et al.50 open-label, and 9 RR)  (50-82) ORR: 96.3% (TN: 94.4% and  Gr 3-4: Neutropenia,
single-arm, RR: 71 RR: 100%] lymphopenia (n=2, 11%
phase Il (60-83) MRR: 92.6% (TN: 94.44% each)
clinical trial and RR: 88.9%]) RR:
VGPR: 30% (TN: n=6, 33% Gr 3-4: Neutropenia
and RR: n=2, 22%) (n=4, 44%), leukopenia
24-mo PFS*: 92.6%, 0S: (n=3, 33%],
100% lymphopenia (n=3, 33%)
Cao et al.% Prospective,  Orelabrutinib 47 RR 63 (47-80) mOS and mPFS: Not

multicenter,
open-label,
phase Il

clinical trail

reached

At 12mo:

ORR: 90.3%, MRR: 81.5%
Median f/up 16.4mo:
ORR: 89.4%, MRR: 80.9%

Gr =3: Neutropenia
(n=5,10.6%),
leukocytopenia

(n=3, 6.4%),
thrombocytopenia (n=3,
6.4%)

*Referred to both TN and RR patients.
BTK, Bruton tyrosine kinase; f/up, follow-up; Gr, grade; mo, months; m0S, median overall survival; mPFS, median progression-free survival;
MRR, major response rate; n, number; NA, not available; No, number; ORR, overall response rate; OS, overall survival; PFS, progression-free
survival; PR, partial response; pts, patients; RR, relapsed/refractory; TN, treatment naive; VGPR, very good partial response; WM, Waldenstrém
macroglobulinemia.

Table 8. Noncovalent BTK inhibitors in WM.

Study Type of Regimen No of pts Median age Results Adverse events
study with WM (range)
Palomba Multicenter,  Pirtubrutinib 80 RR (17 68 (42-84) MRR: 68%, VGPR: 24% *
etal.® open-label, cBTKi- (17/72), PR: 44% (32/72)  Gr =3:
phase I/II naive and cBTKi naive: Neutropenia
clinical trial 63 cBTKi ORR and MRR: 88%, PR:  20% (143/725*),
pretreated) 59%, VGPR: 29%, PFS: hypertension
Not reached 3% (20/725),
cBTKi pretreated: hemorrhage 2%
ORR: 81%, MRR:67%, (16/725), atrial
PR: 43%, VGPR: 24%, fibrillation/flutter
PFS: 19mo 1% (7/725)
Woyach Open-label, Nemtabrutinib 6 RR NA NA Gr 3 or 4**:
et al.’s single-arm, Neutropenia (17%),
phase I/Il thrombocytopenia
study and lymphocytosis

(5%, each)

*Referred to all pts with B-cell malignancies.
**Most common (=5%).

BTK, Bruton tyrosine kinase; Gr, grade; mo, months; MRR, major response rate; n, number; NA, not available; No, number; ORR, overall response
rate; PFS, progression-free survival; PR, partial response; pts, patients; RR, relapsed/refractory; cBTKi, covalent BTK inhibitors; TN, treatment
naive; VGPR, very good partial response; WM, Waldenstrom macroglobulinemia.
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Table 9. Other clinical trials of noncovalent BTK inhibitors in WM.

Clinical Trial.gov ID Study type

Regimen Eligibility

NCT05734495 Single-arm, open-label, phase Il clinical ~ Pirtobrutinib, venetoclax RR
trial

NCT05172700 Expanded access program Pirtobrutinib RR

NCT05024045 Open-label, randomized, phase | clinical  Pirtobrutinib, LOX0-338 RR
trial (BCL-2 inhibitor])

NCT03740529 Open-label, nonrandomized, phase I/II Pirtobrutinib, RR
clinical trial* venetoclax, rituximab

NCT04042376 Nonrandomized, open label, phase I/Il Nemtabrutinib RR
clinical trial

NCT04728893 Open-label, phase I, clinical trial Nemtabrutinib RR

NCT05347225 Open-label, phase I, clinical trial Nemtabrutinib RR

NCT05673460 Open-label, phase I, clinical trial Nemtabrutinib RR

WM patients treated with a prior BTK inhibitor-containing regimen.

*Experimental: Phase Il (Pirtobrutinib monotherapy) cohort 5.

BTK, Bruton tyrosine kinase; RR, relapsed/refractory; WM, Waldenstrom macroglobulinemia.

investigated in B-cell malignancies.”*>> In WM
has been evaluated as monotherapy and several
trials are also ongoing as shown in Table 9.

BTK inhibitor combination therapies

Ibrutinib has been evaluated in combination with
other regimens as shown in Table 1. In the iINNO-
VATE trial patients with symptomatic WM,
either previously untreated or previously treated
but nonresistant to rituximab therapy, were rand-
omized 1:1 to ibrutinib—rituximab and placebo-
rituximab.’® The ibrutinib-rituximab cohort
achieved substantially higher MRR and longer
PFS compared to the rituximab-placebo cohort,
with a 48-month PFS rate of 71% versus 25%.57
The combination of ibrutinib and rituximab
seemed to be “agnostic” of prior treatment
(although all patients were sensitive to rituximab)
and to genotype status, so that responses and PFS
were similar for patients harboring CXCR4 muta-
tions and even among those with MYDS88 wild
type in whom ibrutinib as a single agent has not
favorable outcomes.?” Although there were limi-
tations in the sensitivity of the methods for detect-
ing MYD88 and CXCR4 mutations, it is likely
that addition of rituximab can overcome the det-
rimental effect of CXCR4 mutations when ibruti-
nib is used. Whether addition of rituximab to

ibrutinib can improve the poor efficacy of ibruti-
nib monotherapy in MYDS88WT is subject to fur-
ther investigation.

Ibrutinib was also investigated in combination with
the CXCR4-antagonist ulocuplumab in a small
study of patients without previous exposure to BTK
inhibitors. The combination led to a 2-year PFS of
90%, but despite the favorable results, ulocuplumab
was discontinued by the manufacturer.>8

Venetoclax is the first-in-class BCL-2 inhibitor
and fixed-duration combination with ibrutinib
has shown very high efficacy with high rates of
MRD negative and CRs in patients with CLL.5°
The fixed-duration combination of ibrutinib
with venetoclax was evaluated in a phase II clini-
cal trial that enrolled 45 previously untreated
WM patients.* The primary endpoint was the
attainment of VGPR; however, only 42% of
patients achieved VGPR and no patient reached
complete response (CR). The toxicity profile of
the combination was problematic: four cases of
ventricular arrhythmia occurred, two of them
were fatal, leading to the termination of the
study.

Based on in vitro data, combinations of ibrutinib
with proteasome inhibitors could be a very active
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option, if proven safe and effective in clinical
testing.%! The combination of bortezomib-ritux-
imab-ibrutinib has been explored by the
European Consortium for Waldenstrom’s mac-
roglobulinemia (ECWM) group (ECWM-2
study) and an ongoing study by the same group
also compares ibrutinib monotherapy versus
ibrutinib in combination with carfilzomib
(CZAR study).? The results of these studies are
awaited soon. Other ongoing clinical trials of
ibrutinib with a variety of other regimens, such
as rituximab and oral proteasome inhibitors, are
shown in Table 2.

Zanubrutinib has also been investigated as com-
bination therapy. Yu et al.%2 presented results
from treatment-naive patients who received the
combination of zanubrutinib, ixazomib, and
dexamethasone. Among 19 evaluable patients,
all of them responded, while MRR and VGPR
were attained in 94.7% and 42.1%, respectively.
At a median follow-up of 12.3months, all
patients were alive; however, no CRs were
reported.

Acalabrutinib is also investigated in a fixed-dura-
tion combination with bendamustine and rituxi-
mab (BR) as frontline therapy®3-%4; the regimen
includes six cycles of BR and 12 months of acala-
brutinib. An interim analysis that included the
first 30 patients demonstrated a MRR and VGPR
of 88% and 70%, respectively, after combination
therapy.®* At the end of the 6-month monother-
apy at 12th cycle, eight out of nine patients had
achieved VGPR (89%), while one reached CR
(11%). Two patients after the end of the planned
treatment were followed-up and both remained in
VGPR. Other ongoing clinical trials of acalabruti-
nib in combination with other regimens are shown
in Table 6.

BTK degraders and BCL-2 inhibitors

Beyond BTK inhibitors, BTK degraders are
also under investigation. With this approach
the BTK protein is removed by ubiquitination
and proteosomal degradation.®> BTK degraders
that are evaluated in WM include NX-2127
(NCT04830137), NX-5948 (NCT05131022),
and BGB-16673 (NCT05294731 and
NCT05006716) with the respective clinical tri-
als being ongoing.

Furthermore, venetoclax is a BCL-2 inhibitor
approved for CLL/SLL and acute myeloid leuke-
mia, playing an essential role in cellular apoptosis.
A phase II clinical trial (NCT02677324) evalu-
ated venetoclax in previously treated patients with
WM, 16 of which were exposed to BTK inhibi-
tors.% The ORR was 84% and the median PFS
was 30months. No deaths were recorded, sug-
gesting that venetoclax can be a safe and effective
treatment option for pretreated patients with
BTK inhibitors.®® Another BCL-2 inhibitor, son-
rotoclax (BGB-11417) is a next-generation
BCL-2 inhibitor more selective than venetoclax.%’
It is evaluated either as combination with zanu-
brutinib in treatment-naive patients with WM or
as monotherapy in previously treated patients, as
sequencing treatment option after exposure to
BTK inhibitors.%” The clinical trial is ongoing and
the results are expected.

BTKs inhibitors and Bing-Neel syndrome
Bing—Neel syndrome (BNS) is a rare complica-
tion of WM which is characterized by the infiltra-
tion of the central nervous system with malignant
WM cells.%® Even though BNS remains incurable,
BTK inhibitors have shown efficacy. Ibrutinib
enters the blood—brain barrier and as monother-
apy has reported efficacy in the treatment of
BNS.%%70 Castillo et al. in a multicenter study
reported that patients receiving ibrutinib as mon-
otherapy either in frontline or in relapsed settings,
achieved symptomatic and radiologic improve-
ment in 85% and 60%, respectively. The 2-year
event-free survival (EFS) rate on ibrutinib was
80%, with the 5-year survival rate being 86%.
Tirabrutinib has also been given to patients with
BNS, revealing promising results either in front-
line or as second or later line therapy.”l-73
Zanubrutinib seemed effective in a female patient
with BNS, however, further investigation is
required.”#

Single agent or combinations of BTK
inhibitors?

Current data indicate that covalent BTK inhibi-
tors are the most effective single agents in WM,
associated with very high rates of ORR and MRR,
thus, being a favorable, chemotherapy-free treat-
ment option, but still cannot achieve CRs and
require continuous therapy. Combination
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regimens based on covalent BTKis should thus
be explored to (A) limit the duration of therapy
(i.e., fixed duration), (B) improve CR or VGPR
rates, or (C) overcome resistance associated with
specific genotypes. Most phase II and III studies
have evaluated single-agent BTKis and only a few
have explored combinations, most of which are
still ongoing. In the INNOVATE study the com-
bination of ibrutinib with rituximab was com-
pared to placebo-rituximab; however, there are
no direct comparisons of ibrutinib plus rituximab
versus ibrutinib monotherapy. Comparing the
efficacy of ibrutinib monotherapy, from other
studies in WM, to the experimental arm of INNO-
VATE, the combination therapy does not seem to
have substantially better efficacy. However, there
may be patient groups which may benefit with
combination over monotherapy with ibrutinib.
Genomics can affect the choice of a combination
regimen, since data from iNNOVATE indicate
that addition of rituximab may be of benefit in
patients with MYDS88L265P/C XCR4™ut genotypes.
In the same study, the combination seemed to be
agnostic of MYDS88¥T, but the numbers are lim-
ited. It is also notable that ibrutinib reduced the
infusion-related reactions to rituximab and need
for plasmapheresis by reducing the risk of IgM
flare, associated with rituximab. Whether these
observations seen with rituximab and ibrutinib
may also be applicable to newer (and more active)
covalent BTK inhibitors has not yet been
explored. The combination of chemoimmuno-
therapy (such as BR) with covalent BTK inhibi-
tors (acalabrutinib) is a chemotherapy-based,
fixed-duration regimen and despite the high
response rates (but in a small number of patients
in the BRAWM study) cannot be proposed yet,
since (A) there is limited data and (B) there was a
lack of benefit of such approaches in CLL/SLL.7>
A major potential advantage of a combination of
BTKi with immunochemotherapy could be the
opportunity to offer a fixed duration of therapy.
Since these studies are ongoing, such combina-
tion cannot be proposed outside their context.
Their results, including additional assessment of
the disease, for example, the use of assays to
assess minimal residual disease, are eagerly
awaited.

Combinations of BTKis with proteasome inhibi-
tors could be an interesting option, which is
explored in several trials (with either bortezomib,
Carfilzomib, or ixazomib). The results of these

studies are awaited, but adopting such regimens
would require a substantial improvement in
VGPR and CR rates over BTK monotherapy and
convincing evidence that such combinations can
overcome the detrimental effects of CXCR4
mutations. Treatment interruption of BTKi can
lead to rebound phenomena; hence, patient’s
desire and availability concerning the schedule of
treatment is another factor that should be also
taken into consideration. The nonchemotherapy
containing combination of ibrutinib with veneto-
clax fell short of the expectations: the toxicity was
significant, but there were also no CRs and the
VGPR rates did not reach the primary end point
target in the phase II study by Castillo et al.®®
Such combinations could be more successful with
second-generation covalent BTK inhibitors or
with noncovalent BTK inhibitors, but we still
need well designed clinical trials to prove their
efficacy and safety. Given that WM is a disease
with an indolent course in most cases, with the
majority of patients being elderly, often having
several co-morbidities, any combination should
prioritize safety. However, for patients with IgM-
related complications for which elimination of
IgM is critical, combination therapies could pro-
vide an option, if CR rates are significantly higher
than with standard approaches. Our opinion is
that current data support the use of BTKis as
monotherapy (preferably of second-generation
BTKIs such as zanubrutinib due to their better
toxicity profile), until we have convincing data to
support specific combinations.

Is there an optimal sequence of BTK
inhibitors?

BTK inhibitors can be part of the first or subse-
quent line regimen and have been approved for
both indications. In first-line therapy, the current
choice is between continuous BTK inhibitor ther-
apy or fixed-duration chemoimmunotherapy.
Both choices have excellent outcomes and
patients with WM are expected to live a long, and
with good quality, life. However, in both path-
ways (continuous BTK inhibitor therapy or fixed-
duration chemoimmunotherapy) relapses will
occur or (with BTK inhibitors) intolerance may
require treatment discontinuation. The charac-
teristics of the patients and of the disease are criti-
cal for the choice of primary therapy. The
presence of certain WM-related complications
(such as hyperviscosity, neuropathy, cytopenias,
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AL amyloidosis, BNS), the presence and severity
of co-morbidities (cardiovascular, renal, infec-
tious, etc.), the genetics of the disease (i.e., pres-
ence or absence of MYDS88-205P, and if available
of CXCR4 and TP53 mutations), logistics, costs,
and patients’ personal beliefs and preferences are
critical factors for the choice of one pathway over
the other. The role of inflammation is still under
investigation in WM and may have significant
implications. Studies have shown that patients
with inflammatory markers such as C-reactive
protein treated with chemoimmunotherapy tend
to have shorter time to next treatment, poorer
PFS, OS, and EFS compared to patients with-
out chronic inflammation.’¢-7° Even though the
data of the role of BTK inhibitors in these
patients are not enough, Debureaux et al. con-
cluded that BTKSs are effective in patients with
inflammatory WM. Hence, in this group of
patients BTKs inhibitors could be superior to
chemoimmunotherapy.”¢

We have several lines of data which show that
patients who have failed chemoimmunotherapy
or even patients who are resistant to rituximab
can be very effectively salvaged with BTK inhibi-
tors. It is notable that the efficacy of BTKi,
including ibrutinib and newer BKTis, seems to
be similar in previously untreated and previously
treated patients with WM, especially among non-
rituximab  refractory and nontransformed
patients. Data regarding the outcomes of patients
after failure of BTK inhibitors are less. There are
retrospective studies which show that such
patients can be effectively salvaged with the use of
chemoimmunotherapy and proteasome inhibi-
tors-based combinations, but we now have pro-
spective data showing the activity of noncovalent
BTK inhibitors, venetoclax, and of the upcoming
BTK degraders. Thus, even patients failing BTK
inhibitors there are treatment options available.
Given that chemoimmunotherapy could provide
a long treatment-free interval for many patients,
who could then be salvaged very effectively, if
needed by BTKi, we would advocate an approach
in which the primary choice would be fixed-dura-
tion immunochemotherapy, for patients eligible
for both. The toxicity profile of each approach
should be a major factor to be considered, espe-
cially cardiovascular and hemorrhagic complica-
tions, logistic, and out-of-pocket patient costs.
Another approach which has not been explored
extensively is the use of sequential therapy with

BTK inhibitors and chemoimmunotherapy; how-
ever, the indications for such an approach are
extremely limited. Finally, a practical issue is the
sequence of BTK inhibitors in patients who are
intolerant to the initial BTKi regimen. This is a
common situation in clinical practice and many
patients switch from first to second-generation
covalent BTK inhibitors if they are intolerant to
the initial therapy. Today, with the availability of
noncovalent BTK inhibitors we have an addi-
tional option for such patients. Given the availa-
ble data for covalent BTK inhibitors our approach
is to use zanubrutinib over ibrutinib due to a
more favorable toxicity profile. We do not advo-
cate for use of noncovalent BTK inhibitors before
covalent ones, since there is limited data for pirto-
brutinib in BTK-naive patients. Pirtobrutinib is a
reasonable salvage option for patients failing
covalent BTK inhibitors, especially among those
with documented C481 mutations. Targeting
BCL-2 pathway in patients failing BTKi is also
important. Although the data are still limited, the
available results with venetoclax are promising,
while more selective, next generation BCL-2
inhibitors such as sonrotoclax are investigated.®”
Both venetoclax and pirtobrutinb seem reasona-
ble options for patients failing covalent BTKis;
whether a class switch (i.e., from BTK inhibition
to BCL-2 inhibition) may be associated with bet-
ter results is unknown, and the choice is based on
the toxicity profile and availability of these drugs.
The introduction of BTK degraders will further
increase options while combinations (e.g., BCL-2
inhibitors with BTK degraders) may offer a fixed-
duration chemotherapy-free regimen.

Conclusion

BTK inhibitors are an essential therapy for the
management of WM. Until more data are availa-
ble, covalent BT Kis should be used as continuous
therapy without interruptions, unless clearly indi-
cated. Use of fixed-duration chemoimmunother-
apy is our preferred first-line approach for most
patients. For patients starting on a BTK inhibi-
tor, we prefer to use approved second-generation
cBTKis due to their toxicity profile, as single
agents. Sequential use of different covalent BTKis
can be considered if there is intolerance, but not
recommended for patients with BTKi refractory
disease. Noncovalent BTKi and BCL-2 inhibi-
tors provide a new option to sequence covalent
BTK:is in cases of intolerance and of resistance.
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BTKis are the treatment to consider for special
populations, such as those with BNS, rituximab
resistance, bulky disease, and those in need for
rapid IgM reduction to manage complications
such as hyperviscosity syndrome (along with
plasmapheresis).
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