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Abstract: The understanding of the B cell receptor (BCR) pathway and its contribution to
chronic lymphocytic leukemia (CLL) pathogenesis have led to the development of targeted BCR
inhibitors which have transformed the treatment paradigm of CLL. Ibrutinib is a first-in-class oral
Bruton’s tyrosine kinase (BTK) inhibitor which has demonstrated improvements in both progres-
sion free (PFS) and overall survival (OS) in both the treatment naive and relapsed/refractory
setting as compared to traditional chemoimmunotherapy. Despite its clinical efficacy, many
patients discontinue treatment due to adverse events, which are thought to be mediated through
off-target kinase inhibition. Zanubrutinib is a second-generation non-covalent BTK inhibitor with
higher potency, allowing for inhibition of BTK with fewer off target effects. Early phase clinical
trials have demonstrated excellent efficacy and a well-tolerated safety profile. Long-term follow-
up is needed, but zanubrutinib holds promise to be an effective therapy for CLL with
a manageable side effect profile and will be an exciting addition to our treatment paradigm.
Keywords: chronic lymphocytic leukemia, small lymphocytic lymphoma, BTK inhibitor,
zanubrutinib

Introduction

Chronic lymphocytic leukemia (CLL) is a clinically heterogenous disease which pre-
dominantly affects older individuals, with a median age of onset of 70 years.! While the
disease course can be indolent, a majority of patients develop symptoms related to their
underlying disease and require therapy. Historically, patients were treated with the
combination chemoimmunotherapy fludarabine/cyclophosphamide/rituximab (FCR),
bendamustine/rituximab (BR) or chlorambucil based regimens.”> As our understanding
of the role of the B cell receptor (BCR) pathway in CLL pathogenesis evolved, targeted
agents were developed to inhibit key components of this pathway. Ibrutinib is a first-in-
class Bruton’s tyrosine kinase (BTK) inhibitor that has transformed the management of
both treatment-naive and relapsed/refractory CLL.® Herein, we focus on the development
of the second generation BTK inhibitor zanubrutinib and its use in the treatment of CLL.

Bruton’s Tyrosine Kinase, B Cell Receptor Signaling
and CLL

BTK is a TEC family tyrosine kinase expressed in all hematopoietic stem cell lineages

except for T cell progenitors.” BTK plays a pivotal role in the BCR pathway, as
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activated BTK phosphorylates and activates PLCy2, releas-
ing intracellular calcium stores leading to upregulation of
transcription factors including NFxB.*” This initiates integ-
rin activation, chemokine mediated migration, and B cell
proliferation.® BCR signaling is important in the pathogen-
esis of B cell lymphoma via several mechanisms: constitu-
tive activation of the B cell, chronic activation of BCR, and
tonic activation of BCR.'” In CLL this can be through both
ligand-dependent antigen-mediated pathways and ligand-
independent autonomous pathways.'”

Inhibition of BTK is an effective treatment strategy in
CLL. Ibrutinib is a first-in-class non-covalent BTK inhibitor
which is FDA-approved for treatment of several B cell

11,12,18

malignancies, including CLL. Ibrutinib has demon-

strated improvements in progression free survival (PFS) for

patients with both the treatment-naive'> '

and relapsed/
refractory CLL.®'® Additionally, ibrutinib is effective in
CLL patients with high-risk features, including deletion
17p'” (del17p) and unmutated immunoglobulin heavy
chain gene (UM-IGHV)."*'® Despite its robust clinical
efficacy, many patients discontinue ibrutinib due to

19,20 2122 yentricular

toxicity, including atrial fibrillation,
arrhythmias,”® major bleeding,>** hypertension,”® and
arthralgias/myalgias.>’ Inhibition of off-target kinases
including TEC, epidermal growth factor receptor (EGFR)
and interleukin 2-inducible T cell kinase (ITK) has been
implicated as possible etiologies for these side effects.”®
Second generation BTK inhibitors have been engineered
with more specificity for BTK in an effort to minimize off-
target side effects.*° Acalabrutinib is a second generation
BTK inhibitor and was recently approved for treatment
naive and relapsed/refractory CLL based on data from the
ELEVATE-TN*' and ASCEND? trials which demonstrated
improvements in overall response rate (ORR) and PFS
compared to chlorambucil-obinutuzumab and either idelali-

. . . . . 2
sib or bendamustine-rituximab, respectively.’

Zanubrutinib: Development and
Early Phase Data

Zanubrutinib is a highly specific next-generation BTK
inhibitor which is FDA-approved for the treatment of
relapsed/refractory mantle cell lymphoma (MCL).*® It
binds covalently to Cys481 in the adenosine-triphosphate
binding pocket of BTK.?’ Utilizing a structure—activity
relationship (SAR)-driven strategy, several key stoichio-
metric modifications have allowed for increased specificity
for BTK, leading to a decreased rate of inhibition of

EGFR, HER2, ITK, JAK3, TEC, BMX and BLK.*’ In
MCL and diffuse large B cell lymphoma (DLBCL) cell
lines, zanubrutinib inhibits BCR aggregation-triggered
BTK autophosphorylation, inhibiting downstream PLC2y
signaling and blocking cell proliferation.”” Based on this
improved binding to BTK and the decreased inhibition of
off-target kinases, zanubrutinib is being studied in the
treatment of B cell malignancies.

In the first in human Phase 1 trial, patients with B cell
malignancies were treated with continuous single agent
zanubrutinib until disease progression or intolerable toxi-
city in a 3+3 dose-escalation design.** Oral administration
of zanubrutinib lead to maximum serum concentration
(Cmax) approximately 2 hours after dosing, and the area
under the curve (AUC) increased with increasing doses.
The mean Cmax was 346 ng/mL and 658 ng/mL after
single dose of 160 mg or 320 mg, and the mean half-life
was approximately 4 hours for both 160 mg twice daily
dosing and 320 mg daily.** Median BTK occupancy in the
paired nodal samples on day 3 of week 1 was 95% with
the 320 g daily dose and was 100% in the 160 mg twice
daily dose cohort. Nodal BTK occupancy was >95% in
89% of patients in the 160 mg twice daily cohort com-
pared to 50% in the 320 mg daily dose.>* Given these
findings, both 320 mg daily dosing and 160 mg twice daily
dosing were further explored in subsequent clinical trials.

Safety and Efficacy of Zanubrutinib
Monotherapy in CLL

Three clinical trials have determined the safety and effi-
cacy of zanubrutinib in CLL. In the initial Phase 1 trial, 94
patients with CLL/SLL including 22 treatment-naive
patients were treated with zanubrutinib.>* The median
number of prior therapies was 2 (range 1-9). Twenty-
three percent had deletion 11q (delllq), 19.1% had
dell7p or TP53 mutations. Patients received 320 mg
daily (n=40) or 160 mg twice daily (n=54). At a median
follow-up of 13.7 months, 89 patients (94.7%) remained
on study treatment. Two patients discontinued treatment
due to progressive disease (PD), 2 for adverse events
(AEs) and 1 for unspecified reasons. The most common
AEs were contusion (35.1%), upper respiratory tract infec-
tion (33%), cough (25.5%) and diarthea (21.3%).
Neutropenia (6.4%), hypertension (2.1%), and pneumonia
(2.1%) were the most common serious AEs.>* One patient
developed atrial fibrillation and one patient had a major
bleeding episode.*® Seventy-eight patients were evaluable
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for response. Overall response rate (ORR) was 96.2%,
with 2 patients achieving a complete response (CR).
Responses were similar in patients with high-risk genetic
features, including dell7p and TP53 mutation (ORR
100%). Median PFS was not reached, and 12-month PFS
was 100%.°° This trial determined the recommended
Phase 2 dose of 160 mg twice daily and demonstrated
a well-tolerated safety profile. ORR was high and was
similar in patients with high-risk genetic features.

A phase 2 study of zanubrutinib conducted in China
enrolled 91 patients with relapsed/refractory CLL who
received 160 mg of zanubrutinib twice daily.*® The median
age was 61 years old and patients had received standard
chemoimmunotherapy (fludarabine or chlorambucil-based),
with a median of 1 prior line of therapy (range 1-9). Forty-
five percent of patients had received at least 2 prior lines of
therapy. Twenty-four percent had a dell7p or TP53 mutated
and 56% were UM-IGHV. The ORR was 84.6%, with 3
patients with SLL (3.3%) attaining a CR. For patients with
either dell7p or TP53 mutation, the ORR was 86.4% and was
82% for UM-IGHV. At a median follow-up of 12.9 months,
the estimated 12-month PFS was 87.2%. Four patients died
on study, 2 from progressive disease and 2 from cardiopul-
monary failure. The most common AEs were neutropenia
(69.2%), upper respiratory tract infection (45.1%) and throm-
bocytopenia (41.8%). Petechiae/purpura/contusion was com-
mon (35.2%) as was hematuria (39.5%). There were two
patients who experienced > grade 3 bleeding events, one
gastrointestinal bleed in the setting of new diagnosis of
colon cancer and another a right sided thalamic hemorrhage
after fall. Both were assessed as unrelated to zanubrutinib.
No patients developed atrial fibrillation and there were no
cases of tumor lysis syndrome. As seen in previous trials,
zanubrutinib has a consistently high response rate across risk
groups. AEs were manageable, with no episodes of atrial
fibrillation or major bleeding attributed to zanubrutinib.

The Phase 3 Sequoia trial (NCT03336333) is investi-
gating the use of zanubrutinib in patients with treatment-
naive CLL as compared to bendamustine-rituximab.®’
Patients with dell7p were treated with zanubrutinib in
a non-randomized cohort (Cohort C) which has reported
results.’® One hundred and nine patients were enrolled
onto the study and ORR was 94.5%. Three patients
(2.8%) attained a CR, and one patient (0.9%) had complete
response with incomplete count recovery (CRi). There
were 9 progression events, with 4 patients having histolo-
gic confirmed Richter’s transformation. The median PFS
and OS were not reached at median follow-up of 18.2

months. The estimated 18-month PFS rate was 88.6%.
Common AEs were upper respiratory tract infection
(19.3%), neutropenia (17.4%), diarrhea (16.5%), nausea
(14.7%) and rash (13.8%). The most common serious
AEs were pneumonia (3.7%) and neutropenia (12.9%).
Three patients developed new atrial fibrillation, but no
patients needed to discontinue zanubrutinib, and 5.5% of
patients had grade 3 or higher bleeding.** Follow-up for
Cohorts A and B has not been reported to date. Cohort
D will study zanubrutinib in combination with venetoclax,
which will further our understanding of how to best use

zanubrutinib in combination.*°

Combination Strategies with

Zanubrutinib
Despite therapeutic advances, CLL remains incurable with
current strategies. Currently, BTK inhibitor monotherapy
requires continuous treatment until progression or intoler-
able side effect. Anti-CD20 monoclonal antibodies and/or
venetoclax are currently under study in combination with
various BTK inhibitors to determine if these combinations
are feasible time-limited treatment options.
Obinutuzumab is a  glycoengineered  anti-
CD20 monoclonal antibody and is FDA-approved for use
in combination with ibrutinib, acalabrutinib, chlorambucil
and venetoclax as frontline treatment of CLL.*"*'™* To
determine the safety and efficacy of zanubrutinib in combi-
nation with obinutuzumab, patients with B cell malignan-
cies were treated on a phase 1 trial (NCT02569476) in two
parts: in Part 1 patients received zanubrutinib (320 mg daily
or 160 mg twice daily) and obinutuzumab to determine the
maximum tolerated dose.** In Part 2, patients were contin-
ued on zanubrutinib monotherapy. Twelve patients with
CLL were treated on Part 1. The median age was 68, and
all patients had relapsed/refractory disease and received
a median of 2 lines of prior therapy (range 1-9). Nine
patients were treated with 320 mg daily and 3 patients
received 160 mg twice daily. In the safety evaluation in
Part 1, the most common AEs (all grade) were cough
(41.7%), neutropenia (41.7%), upper respiratory tract infec-
tion (33.3%), and contusion (25%). The most common
serious AEs were neutropenia (16.7%), dyspnea (8.3%),
peripheral swelling (8.3%), and QTc prolongation (8.3%).
In part 2, a total of 45 patients (20 treatment naive, 25
relapsed/refractory) received treatment. The most common
AEs were upper respiratory tract infection (51%), neutro-
penia (44%), and contusion (33%). The most common
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serious AEs were neutropenia (31.3%), pneumonia (8.9%)
and thrombocytopenia (6.7%). No patients developed atrial
fibrillation or flutter and there was only one major bleeding
event (epistaxis). At a median follow-up of 29 months, the
ORR was 100% for patients with TN CLL with 6 CRs.**
The ORR was 92% in patients with relapsed/refractory CLL
with 7 CRs. At 24 months, the estimated event-free survival
rate was 90.4% (95% CI, 76.5% to 96.3%). The median
PFS was not reached. The combination of obinutuzumab
and zanubrutinib was well tolerated with excellent efficacy,
though requires continuous therapy which may limit its use.
Further follow-up is necessary to determine long-term effi-
cacy of this combination.

A multi-center Phase I/II trial (NCT03824483) inves-
tigated the combination of venetoclax, zanubrutinib, and
obinutuzumab (BOVen) to determine the time to response
with undetectable minimal residual disease (uUMRD).*
Patients received obinutuzumab with zanubrutinib as
a debulking strategy, followed by the addition of veneto-
clax after 2 cycles. Triple combination therapy was con-
tinued for 2 cycles after uMRD response in the peripheral
blood and bone marrow (10 sensitivity by flow cytome-
try). Thirty-nine patients with treatment-naive CLL were
enrolled. Fifteen percent of patients had a TP53 aberration
and 72% were UM-IGHV.* The most common AEs were
neutropenia (49%), thrombocytopenia (46%), infusion
reactions (41%), bruising (41%) and diarrhea (41%).
There was one fatal bleeding in a patient treated with
therapeutic anticoagulation. At a median follow-up of 11
months, 75% of patients were uMRD in the bone marrow
and 84% in the peripheral blood.*> The ORR was 100%,
with 57% CR rate. The triplet combination demonstrated
the ability to attain uMRD states with less than 1 year of
treatment with a manageable AE profile. Further follow-
up is necessary to determine the duration of responses as
well as time to relapse, but these early data are
encouraging.

How Does Zanubrutinib Fit into the
Treatment Landscape of CLL?

Across early clinical trials, zanubrutinib has excellent
response rates which are similar to those seen in trials of
ibrutinib in similar patient populations. Neutropenia, upper
respiratory tract infections, and pneumonia are some of the
most frequent AEs with relatively few serious events
reported to date. Relatively few episodes of cardiac
arrhythmias have been reported, though the follow-up

time period is short. Rates of major hemorrhage are low
and are similar compared to ibrutinib. A meta-analysis of 6
clinical trials of patients with B cell NHL treated with
zanubrutinib confirmed these findings.*®

Several studies have been performed to understand the
differences between zanubrutinib compared with ibrutinib.
Treatment with ibrutinib, but not zanubrutinib, leads to
time and dose-dependent shedding of GP1lb, and GPIX
from the platelet surface by an ADAMI7-dependent
mechanism, reduced GP1b-IX complex formation and
integrin ayp,P; surface expression, and decreased thrombus
formation under arterial flow.*” These effects may explain
differences in bleeding mechanism between the two drugs,
although major bleeding remains a concern with zanubru-
tinib. In distinction from acalabrutinib, zanubrutinib absor-
bance is not affected by co-administration with gastric
acid-reducing agents, including proton-pump inhibitors.**
Zanubrutinib also does not prolong QTc significantly.**
Zanubrutinib has also been studied in patients with mod-
erate to severe hepatic impairment, and although no formal
dosing guidelines exist, there was only a single serious
adverse event.>> Additionally, unlike ibrutinib,49 zanubru-
tinib does not inhibit ITK, which has been shown to
decrease NK cell cytotoxicity.”® This may lead to less
antagonism of anti-CD20 monoclonal antibodies and pro-
vide the rationale for further study of these combinations.

The ongoing Phase 3 ALPINE trial (NCT03734016)
and will compare treatment with ibrutinib to zanubrutinib
for patients with relapsed/refractory CLL and will provide
a head to head comparison of the two drugs.*® Early
results from a similar trial in patients with previously
treated Waldenstrom’s Macroglobulinemia (ASPEN trial)
demonstrated higher rates of CR and very good partial
responses (VGPR) in patient’s treated with zanubrutinib
(28%) compared to ibrutinib (19%), though these differ-
ence were not statistically significant. Importantly, the
rates of atrial fibrillation, hemorrhage, and major hemor-
rhage were lower in patients treated with zanubrutinib,
though rates of both neutropenia and febrile neutropenia
were higher with zanubrutinib.

Based on the available data, we believe that zanu-
brutinib will become part of the CLL treatment algo-
rithm as both a monotherapy and in combination in the
future if it receives FDA approval. While response
rates will likely be similar between zanubrutinib and
ibrutinib in CLL, a comparison of the toxicity profiles
will help clarify if certain patient subgroups (eg, car-
diac comorbidities) may benefit most from treatment
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with zanubrutinib. There is no robust treatment sequen-
cing data available for zanubrutinib at this time, but it
is likely to be active in patients after progression on
based on data for available for
ibrutinib.>"3* As it also binds to Cys481, it is less
likely to be effective in patients who progress on ibru-

venetoclax

tinib as Cys481 mutations are a common resistance
mechanism and we would not recommend its use for
this patient subgroup.’® Early results from a phase 2
trial treated patients with CLL with zanubrutinib who

were intolerant to ibrutinib demonstrated limited recur-
rence of AEs, signaling another patient population
likely to benefit from zanubrutinib, though follow up
for efficacy is short.>* Zanubrutinib can be combined
with other targeted agents due to its favorable side
effect profile (eg, venetoclax and obinutuzumab) in
hopes of attaining uMRD and can provide another
if FDA approved.
Ongoing clinical trials will help inform our use of

time-limited treatment option

zanubrutinib and results are eagerly awaited (Table 1).

Table 1 Ongoing Clinical Trials with Zanubrutinib in CLL

a sequential regimen of bendamustine followed by
obinutuzumab, zanubrutinib and venetoclax
NCTO04515238

bendamustine

Induction: 6 cycles of
obinutuzumab +zanubrutinib+
venetoclax

Maintenance: up to 8 cycles of

obinutuzumab +zanubrutinib+

Refractory CLL

Trial Treatment Patient Primary Endpoint
Population
Phase 1/2 of venetoclax, obinutuzumab, zanubrutinib Zanubrutinib Obinutuzumab Treatment- Establish the rate to undetectable
(BOVen) x 8 cycles Naive CLL MRD
NCT03824483 Venetoclax beginning Cycle 3
up to 2 cycles past uMRD
Phase 2 study to evaluate the efficacy and safety of Debulking: 2 cycles of Relapsed/ MRD negative rate by multicolor

flow cytometry

ibrutinib (ALPINE) NCT03734016

Ibrutinib (continuous)

Refractory CLL

venetoclax
Phase 3 randomized trial comparing zanubrutinib to Cohort |: Zanubrutinib up to | Cohort I: Cohort |: Progression Free
bendamustine-rituximab (Sequoia) 6 cycles vs Bendamustine- Treatment- Survival as determined by
NCT03336333 rituximab up to 6 cycles Naive CLL independent central review
Cohort 2: Zanubrutinib up to | Cohort 2:
6 cycles Treatment-
Cohort 3: Zanubrutinib Naive CLL with
+venetoclax up to 6 cycles dell7p
Cohort 3:
Treatment-
Naive CLL
Phase 3 randomized trial comparing zanubrutinib vs Zanubrutinib (continuous) Vs | Relapsed/ Overall Response Rate by

investigator assessment

Phase 2 study of zanubrutinib with rituximab
NCT04458610

Zanubrutinib plus rituximab

(up to 12 cycles)

Treatment-
Naive CLL

Treatment free remission 6
months after discontinuation of

zanubrutinib

Phase 2 study of zanubrutinib monotherapy
NCTO041 16437

Zanubrutinib (continuous)

CLL intolerant
to ibrutinib or

acalabrutinib

Recurrence and change in
severity of treatment emergent

adverse event over 24 months

Phase 1/2 study of zanubrutinib in mature B cell
malignancies for Japanese participants
NCT04172246

Zanubrutinib (continuous)

Relapsed/ Number of participants
Refractory experiencing treatment-emergent
mature B-cell S

neoplasm

Abbreviations: MRD, minimal residual disease; uMRD, undetectable minimal residual disease.
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Conclusions

Zanubrutinib is a second generation BTK inhibitor with an
overall favorable safety profile. To date, there have been
few episodes of major bleeding or arrhythmia seen in
treated patients with CLL. Response rates are comparable
to other BTK inhibitors, and zanubrutinib can be safely
combined with venetoclax and/or obinutuzumab. These
combinations have demonstrated deep responses with
many patients attaining uMRD. While further studies and
long-term follow-up is necessary to determine if responses
are durable, zanubrutinib provides another exciting thera-
peutic option for patients with CLL.
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