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abstract

PURPOSE Zanubrutinib is a potent, irreversible next-generation Bruton tyrosine kinase (BTK) inhibitor designed
to maximize BTK occupancy and minimize off-target kinase inhibition. We hypothesized that complete/
sustained BTK occupancy may improve efficacy outcomes and increased BTK specificity may minimize off-
target inhibition-related toxicities.

PATIENTS AND METHODS ALPINE (ClinicalTrials.gov identifier: NCT03734016) is a global, randomized,
open-label phase III study of zanubrutinib versus ibrutinib in patients with relapsed/refractory chronic
lymphocytic leukemia. The primary end point was investigator-assessed overall response rate (ORR). The
preplanned interim analysis was scheduled approximately 12 months after the first 415 patients were
enrolled.

RESULTS Between November 1, 2018, and December 14, 2020, 652 patients were enrolled. We present the
interim analysis of the first 415 enrolled patients randomly assigned to receive zanubrutinib (n 5 207) or
ibrutinib (n 5 208). At 15 months of median follow-up, ORR (partial or complete response) was significantly
higher with zanubrutinib (78.3%; 95% CI, 72.0 to 83.7) versus ibrutinib (62.5%; 95% CI, 55.5 to 69.1; two-
sided P, .001). ORR was higher with zanubrutinib versus ibrutinib in subgroups with del(17p)/TP53mutations
(80.5% v 50.0%) and del(11q) (83.6% v 69.1%); 12-month progression-free survival in all patients was higher
with zanubrutinib (94.9%) versus ibrutinib (84.0%; hazard ratio, 0.40; 95% CI, 0.23 to 0.69). Atrial fibrillation
rate was significantly lower with zanubrutinib versus ibrutinib (2.5% v 10.1%; two-sided P 5 .001). Rates of
cardiac events, major hemorrhages, and adverse events leading to treatment discontinuation/death were lower
with zanubrutinib.

CONCLUSION Zanubrutinib had a significantly higher ORR, lower atrial fibrillation rate, and improved progression-
free survival and overall cardiac safety profile versus ibrutinib. These data support improved efficacy/safety
outcomes with selective BTK inhibition.

J Clin Oncol 41:1035-1045. © 2022 by American Society of Clinical Oncology
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INTRODUCTION

Chronic lymphocytic leukemia (CLL) is the most
common leukemia in the western world with an inci-
dence of 4.2/100,000 persons per year.1 Chemo-
immunotherapy has improved outcomes for patients
with CLL,2 but the advent of nonchemotherapy-based
treatments, including B-cell receptor inhibitors, has
transformed CLL treatment.3

A first-generation Bruton tyrosine kinase inhibitor (BTKi),
ibrutinib, is a standard treatment option for untreated and

relapsed/refractory CLL.3 However, ibrutinib is associated
with adverse events (AEs) which may be attributed to off-
target kinase inhibition, such as hemorrhage, atrial fi-
brillation, ventricular arrhythmias, and hypertension.4-6

Approximately 16%-23% of patients discontinue ibru-
tinib because of treatment-related toxicities.7-10 In
RESONATE, a landmark study comparing ibrutinib
versus ofatumumab in patients with relapsed/refractory
CLL or small lymphocytic lymphoma (SLL), 37% dis-
continued ibrutinib because of progressive disease (PD)
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and high-risk patients (del[17p] and/or TP53 mutation)
treated with ibrutinib had median progression-free survival
(PFS) of 40.7 versus 56.9 months in patients without
mutations.9

Zanubrutinib (BGB-3111), a potent, irreversible next-
generation BTKi, is more selective for BTK inhibition and
exhibits less off-target kinase activity than ibrutinib.11,12 In a
phase I/II zanubrutinib study (BGB-3111-AU-003) in pa-
tients with CLL/SLL (82%; 101 of 123 relapsed/refractory),
zanubrutinib demonstrated complete and sustained BTK
occupancy in peripheral bloodmononuclear cells and lymph
nodes of all patients.12 At a median follow-up of 54.1 months
(treatment-naive) and 43.7 months (relapsed/refractory),
21% discontinued zanubrutinib because of PD and 10%
because of AEs, and the rate of atrial fibrillation/flutter was
4.9%.13 Estimated 2-year PFS was 90% in treatment-naive
and 91% in relapsed/refractory patients, with a median
follow-up of 47.2 months.13 For patients with del(17p)/TP53,
PFS was 82% at 2 years. In patients with relapsed/refractory
CLL, the overall response rate (ORR) was 95%.13

Achieving complete BTK inhibition in blood and lymph
nodes is hypothesized to provide meaningful and sustained
responses in CLL/SLL.12 It is hypothesized that higher se-
lectivity reduces toxicities and high BTK occupancy max-
imizes efficacy, potentially increasing the likelihood of
achieving deep and sustained remission in CLL.12 We,
therefore, initiated a global multicenter, open-label phase
III, head-to-head study of zanubrutinib or ibrutinib in pa-
tients with relapsed/refractory CLL.

PATIENTS AND METHODS

Study Design

ALPINE (ClinicalTrials.gov identifier: NCT03734016) is a
global, randomized, open-label phase III study of

zanubrutinib versus ibrutinib in patients with relapsed/
refractory CLL. The results of a preplanned interim anal-
ysis scheduled approximately 12 months after the enroll-
ment of the first 415 patients are presented. The trial was
approved by the institutional review board or independent
ethics committee at each study site and conducted in
accordance with the principles of the Declaration of Hel-
sinki, International Council on Harmonisation guidelines,
the principles of Good Clinical Practice, and all applicable
regulatory requirements. All participants gave written in-
formed consent.

Patients

Eligible patients had a confirmed diagnosis of CLL or SLL
that met International Workshop on CLL (iwCLL) criteria,14

required treatment, were relapsed after, or refractory to, at
least one prior line of therapy, were age 18 years or older,
and had measurable disease by imaging. Patients were
required to have an Eastern Cooperative Oncology Group
performance status score of 0, 1, or 2; adequate bone
marrow and organ function; and a life expectancy of $ 6
months. Patients with bleeding disorders, active infections,
stroke/intracranial hemorrhage, recent prior malignancies,
or major surgery were ineligible. Patients with ongoing
treatment with warfarin, strong CYP3A inhibitors/inducers,
corticosteroids, or previously treated with BTKis were ex-
cluded (Data Supplement, online only).

Random Assignment and Treatment

Patients were randomly assigned 1:1 to receive zanu-
brutinib 160 mg twice daily or ibrutinib 420 mg once daily
until PD or unacceptable toxicity (Data Supplement). Study
drugs were administered open-label because dosing
schedules and suggested dose modifications differed.
Patients were randomly assigned by an interactive web
response system on the basis of a computer-generated

CONTEXT

Key Objective
The Bruton tyrosine kinase (BTK) inhibitor ibrutinib is a standard treatment option for untreated and relapsed/refractory

chronic lymphocytic leukemia (CLL) and is associated with adverse events which may be attributed to off-target kinase
inhibition. Zanubrutinib, a highly selective next-generation BTK inhibitor, was designed to maximize BTK occupancy and
minimize off-target inhibition. To our knowledge, ALPINE (ClinicalTrials.gov identifier: NCT03734016) is the first head-to-
head study of zanubrutinib versus ibrutinib in patients with relapsed/refractory CLL. This interim analysis evaluates the
efficacy and safety of zanubrutinib versus ibrutinib in patients with relapsed/refractory CLL.

Knowledge Generated
Initial data from the ALPINE study suggest that zanubrutinib may improve efficacy outcomes, and its increased specificity

may minimize off-target, inhibition-related toxicities.
Relevance (S. Lentzsch)
Owing to the favorable benefit risk profile for zanubrutinib shown in the ALPINE trial, zanubrutinib is preferred over ibrutinib

for the treatment of most patients with relapsed/refractory CLL/small lymphocytic lymphoma.*

*Relevance section written by JCO Associate Editor Suzanne Lentzsch, MD, PhD.
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random assignment schedule, and patients were stratified
by age (younger than 65 v 65 years or older), geographic
region (China v non-China), refractory status, and del(17p)/
TP53 mutation status (Table 1). Patients were stratified by
geographic region to account for potential differences in
standards of care and prior treatments.

Outcomes

Efficacy end points were analyzed with the intent-to-treat
analysis set and only included the first 415 patients ran-
domly assigned in the study. The safety analysis set in-
cluded all patients who received any dose of the study drug
among the first 415 randomly assigned patients. Safety
data from all enrolled patients will be available at the final
analysis.

The primary efficacy end point was investigator-assessed
ORR, defined as complete response (CR) or partial re-
sponse (PR) per regulatory authority requirement. Disease
response was assessed per iwCLL 2008 criteria every
3months for 2 years then every 6months,14 withmodification
for treatment-related lymphocytosis15 for patients with CLL
and per Lugano classification16 for patients with SLL (Pro-
tocol, online only). To support the primary analysis, ORR per
blinded independent central review (ICR) and rate of PR with
lymphocytosis (PR-L) or higher were analyzed.

Secondary end points included PFS, atrial fibrillation/flutter
rate, duration of response, rate of PR-L or higher, overall
survival (OS), time to treatment failure, and patient-reported
outcomes. AEs were graded according to the National
Cancer Institute Common Toxicity Criteria for Adverse Events
version 4.03. Hematologic AEs were graded according to the
CLL Working Group grading scheme (Data Supplement).14

Arrhythmia signs/symptoms were reviewed at every visit.

Statistical Analysis

A sample size of 600 was estimated to provide. 90%power
to demonstrate noninferiority of zanubrutinib to ibrutinib in
ORR, with a noninferiority margin of 0.8558 on the response
ratio scale (zanubrutinib rate divided by ibrutinib rate), an
assumed response ratio of 1.02 (72%/70%), and a one-
sided alpha level of 0.025. The prespecified interim analysis
included the first 415 randomly assigned patients. On April
20, 2021, the independent data monitoring committee
reviewed the interim analysis and confirmed that the pre-
specified statistical boundary for noninferiority in ORR had
been crossed based on a stratified Wald test of the response
ratio. Subsequent formal hypothesis testing was performed,
including the superiority of ORR per a prespecified hy-
pothesis testing approach (Protocol).

RESULTS

Patient Population

Between November 1, 2018, and December 14, 2020,
652 patients were enrolled from 113 sites across 15
countries in North America, Europe, and Asia-Pacific. The

TABLE 1. Demographic and Baseline Characteristics

Characteristic
Zanubrutinib
(n 5 207)

Ibrutinib
(n 5 208)

Age, median (range) 67 (35-90) 67 (36-89)

Age 65 years or older, No. (%) 129 (62.3) 128 (61.5)

Male, No. (%) 142 (68.6) 156 (75.0)

ECOG PS $ 1, No. (%) 128 (61.8) 132 (63.5)

Geographic region, No. (%)

Asia 26 (12.6) 26 (12.5)

Australia/New Zealand 20 (9.7) 16 (7.7)

Europe 130 (62.8) 124 (59.6)

North America 31 (15.0) 42 (20.2)

del(17p) and/or mutant TP53, No. (%) 41 (19.8)a 38 (18.3)

del(17p) 24 (11.6) 26 (12.5)

TP53 mutated 29 (14.0)a 24 (11.5)

del(11q), No. (%) 61 (29.5) 55 (26.4)

IGHV unmutated,b No. (%) 147 (71.0) 148 (71.2)

Complex karyotype,c PhD No. (%) 36 (17.4) 43 (20.7)

Bulky disease ($ 5 cm), No. (%) 106 (51.2) 105 (50.5)

Beta-2 microglobulin,d No. (%)

# 3.5 mg/L 71 (34.3) 63 (30.3)

. 3.5 mg/L 113 (54.6) 111 (53.4)

Lactate dehydrogenase, median (range) 217 (117-1,828) 212 (119-621)

Disease stage, No. (%)

Binet stage A/B or Ann Arbor stage I/II 122 (58.9) 124 (59.6)

Binet stage C or Ann Arbor stage III/IV 85 (41.1) 84 (40.4)

Prior lines of therapy, median (range) 1 (1-6) 1 (1-8)

1 prior line, No. (%) 116 (56.0) 110 (52.9)

2 prior lines, No. (%) 57 (27.5) 49 (23.6)

3 prior lines, No. (%) 19 (9.2) 28 (13.5)

. 3 prior lines, No. (%) 15 (7.2) 21 (10.1)

Anti-CD20 antibody, No. (%) 176 (85.0) 172 (82.7)

Alkylator (excluding bendamustine), No. (%) 178 (86.0) 165 (79.3)

Chemoimmunotherapy, No. (%) 166 (80.2) 158 (76.0)

Purine analogue, No. (%) 118 (57.0) 105 (50.5)

Bendamustine, No. (%) 51 (24.6) 66 (31.7)

PI3K/SYK inhibitor, No. (%) 8 (3.9) 10 (4.8)

BCL2 inhibitor, No. (%) 2 (1.0) 3 (1.4)

IMiD, No. (%) 3 (1.4) 1 (0.5)

Alemtuzumab, No. (%) 0 (0.0) 1 (0.5)

Abbreviations: BCL2, B-cell lymphoma 2; CD20, cluster of differentiation
20; ECOG PS, Eastern Cooperative Oncology Group performance status;
IGHV, immunoglobulin heavy chain variable region; IMiD, immunomodulatory
drugs; PI3K, phosphatidylinositol 3-kinase; SYK, spleen-associated tyrosine
kinase.

aTwo patients with missing values.
bSeventeen and 14 patients in zanubrutinib and ibrutinib arms, respectively, with

missing values.
cComplex karyotype is defined as having three or more abnormalities.
dTwenty-three and 34 patients in zanubrutinib and ibrutinib arms, respectively,

with missing values.
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interim analysis only included the first 415 patients en-
rolled in the study; the 415th patient was randomly
assigned on December 20, 2019. Patients were randomly
assigned 1:1 to zanubrutinib (n 5 207) or ibrutinib
(n 5 208; Fig 1). Demographics and disease character-
istics were balanced at baseline, except for more female
patients on zanubrutinib versus ibrutinib (31% v 25%;
Table 1). The median age was 67 years (range, 35-90
years), 83% were White, 12% were Asian, 51% of patients
entered the study with bulky disease, 50% with cytope-
nias, and 19% had del(17p) and/or TP53 mutations.
The median prior lines of therapy was one (range, 1-8); 9%
of patients received more than three lines of therapy
(Table 1). A total of 80% and 76% of patients on zanu-
brutinib and ibrutinib, respectively, had previously received
chemoimmunotherapy. At data cutoff (December 31, 2020),
87.4% and 75.5% of patients in the zanubrutinib and
ibrutinib arms, respectively, were still receiving treatment.
Three patients in the zanubrutinib arm and one patient in the
ibrutinib arm did not receive any drug and were excluded
from the safety analyses.

Efficacy

After 15.3 months of median follow-up (range, 0.1-26.0
months), investigator-assessed ORR (CR and PR) was
significantly higher with zanubrutinib versus ibrutinib
(78.3% v 62.5%; two-sided P, .001; Table 2). Consistent
benefit in favor of zanubrutinib was observed in all pre-
specified patient subgroups (Fig 2). A higher ORR among
patients with del(17p)/TP53 mutation was observed with
zanubrutinib versus ibrutinib (80.5% v 50.0%; 95% CI rate
difference, 10.5 to 50.5; Table 2). Patients with del(11q)
achieved an ORR of 83.6% with zanubrutinib and 69.1%
with ibrutinib (Fig 2).

By ICR, ORRmet noninferiority (76.3% v 64.4%; P, .001)
but not superiority (P5 .0121, two-sided significance level
0.0099). In patients with del(17p)/TP53 mutation, ORR by
ICR was 80.5% with zanubrutinib versus 55.3% with
ibrutinib (Data Supplement). The concordance rate for best
overall response of PR or higher between ICR and inves-
tigator was 94.2% and 93.3% for the zanubrutinib and
ibrutinib arms, respectively; the concordance rate of PR-L
or higher was 91.3% and 92.8%, respectively. Patients
achieving a best overall response of PR-L or higher were

Patients assessed for eligibility
(N = 491)

Did not meet eligibility criteria
Withdrawal by subject
Adverse event
Other

(n = 57)
(n = 9)
(n = 3)
(n = 7)

Patients randomly
assigned (n = 415)

Assigned to ibrutinib
(n = 208)

Included in intention-
to-treat analysis

(n = 208)

Included in intention-
to-treat analysis

(n = 207)

Discontinued treatment
   Adverse event
     COVID-19
   Progressive disease
   Withdrawal by patient

(n = 23)
(n = 16)
(n = 1)
(n = 4)
(n = 3)

Did not receive treatment
  Other (chickenpox)
  Withdrawal by patient   

(n = 3)
(n = 1)
(n = 2)

Did not receive treatment
   Physician decision
     (thrombocytopenia)  

(n = 1)

(n = 1)

Discontinued treatment
   Adverse event
      COVID-19
   Progressive disease
   Withdrawal by patient
   Physician decision
   Lost to follow-up

(n = 50)
(n = 27)

(n = 2)
(n = 14)

(n = 6)
(n = 2)
(n = 1)

Assigned to zanubrutinib
(n = 207)

Treatment ongoing
(n = 157)

Treatment ongoing
(n = 181)

FIG 1. ALPINE study CONSORT diagram. A total of 491 patients had been screened at the time of random
assignment of the 415th patient. All 415 randomly assigned patients were included in the efficacy analyses.
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88.4% with zanubrutinib and 81.3% with ibrutinib by in-
vestigator. Transient lymphocytosis was observed with both
BTKi; lymphocytosis returned to baseline in approximately

3 months for zanubrutinib and 4 months for ibrutinib (Data
Supplement). Investigator-assessed PFS at 12 months was
94.9% (95%CI, 90.7 to 97.2) with zanubrutinib and 84.0%

TABLE 2. Investigator-Assessed ORR in All Patients and in Patients With del(17p)/TP53 Mutation

Best Response

All Patients del(17p)/TP53

Zanubrutinib (n 5 207) Ibrutinib (n 5 208) Zanubrutinib (n 5 41) Ibrutinib (n 5 38)

ORR
95% CI

162 (78.3)a

72.0 to 83.7
130 (62.5)a

55.5 to 69.1
33 (80.5)

65.1 to 91.2
19 (50.0)

33.4 to 66.6

CR or CRi 4 (1.9) 3 (1.4) 0 (0.0) 0 (0.0)

PR or nPR 158 (76.3) 127 (61.1) 33 (80.5) 19 (50)

PR-L 21 (10.1) 39 (18.8) 3 (7.3) 8 (21.1)

SD 17 (8.2) 28 (13.5) 2 (4.9) 8 (21.1)

PD 1 (0.5) 2 (1.0) 0 (0.0) 1 (2.6)

Discontinue before first assessment, NA or NE 6 (2.9) 9 (4.3) 3 (7.3) 2 (5.3)

NOTE. Data are presented as No. (%).
Abbreviations: CR, complete response; CRi, CR with incomplete bone marrow recovery; NA, not assessed; NE, not evaluable; nPR, nodular partial

response; ORR, overall response rate; PD, progressive disease; PR, partial response; PR-L, partial response with lymphocytosis; SD, stable disease.
aNoninferiority one-sided P , .0001, superiority two-sided P 5 .0006.

-100 100-75 75-50 500-25 25

Younger than 65
65 or older

Male
Female

Binet stage of A/B or Ann Arbor stage I/II bulky
Binet stage C or Ann Arbor stage III/IV

Asia
Australia/New Zealand
Europe
North America

1-3
> 3

0
� 1

Present
Absent

Deleted/abnormal
Not deleted/normal

Unmutated
Mutated

All patients
Age group, years

Sex

Disease stage

Geographic region

Prior lines of therapy

Baseline ECOG performance status

Baseline del(17p)/TP53 mutation status

del(11q) mutation status

Baseline IGHV mutation status

Bulky disease 
� 5 cm
< 5 cm

162/207

65/78
97/129

108/142
54/65

92/122
70/85

18/26
13/20

106/130
25/31

151/192
11/15

63/79
99/128

33/41
127/164

51/61
111/146

122/147
26/43

85/106
77/101

130/208

55/80
75/128

94/156
36/52

81/124
49/84

15/26
10/16

83/124
22/42

116/187
14/21

42/76
88/132

19/38
111/170

38/55
92/153

96/148
22/46

65/105
63/103

15.8 (7.1 to 24.4)

14.6 (1.5 to 27.7)
16.6 (5.3 to 27.9)

15.8 (5.4 to 26.2)
13.8 (-1.7 to 29.4)

10.1 (-1.3 to 21.4)
24.0 (10.7 to 37.3)

11.5 (-14.4 to 37.5)
2.5 (-29.1 to 34.1)
14.6 (4.0 to 25.2)
28.3 (7.7 to 48.8)

16.6 (7.6 to 25.7)
6.7 (-23.5 to 36.8)

24.5 (10.2 to 38.7)
10.7 (-0.2 to 21.5)

30.5 (10.5 to 50.5)
12.1 (2.5 to 21.7)

14.5 (-0.8 to 29.9)
15.9 (5.5 to 26.3)

18.1 (8.3 to 27.9)
12.6 (-7.9 to 33.2)

16.4 (4.5 to 28.3)
15.1 (2.5 to 27.6)

Ibrutinib

Favors 
Ibrutinib

Favors 
Zanubrutinib

Rate

Difference, %

(95% CI)ZanubrutinibSubgroup

Response/Patients

FIG 2. Subgroup analysis for ORR. Forest plot showing ORR in prespecified baseline and disease subgroups. The rate
difference (unstratified estimates of the differences in response rates) and 95%CI (normal approximations) are shown
as a blue dot and black bars. A rate difference of greater than zero represents response rates favoring zanubrutinib.
ECOG PS, Eastern Cooperative Oncology Group performance status; IGHV, immunoglobulin heavy chain variable
region; ORR, overall response rate.

Journal of Clinical Oncology 1039

Zanubrutinib Versus Ibrutinib in R/R CLL/SLL



(95% CI, 78.1 to 88.5) with ibrutinib. At data cutoff, 21 and
44 PFS events occurred in the zanubrutinib and ibrutinib
arms, respectively (Data Supplement). Hazard ratio for PD
or death was 0.40 (95% CI, 0.23 to 0.69; for descriptive
purposes only P , .001; Fig 3A). Similar 12-month PFS
was seen in ICR-assessed data (92.2% in the zanubrutinib
arm, 82.4% in the ibrutinib arm; Data Supplement).
Twelve-month PFS was favorable for patients treated with
zanubrutinib regardless of del(17p)/TP53 mutation status
(91.5% v 74.4%; Fig 3B). A formal PFS final analysis will be
conducted once 205 PFS events are observed. Among
responders, the estimated proportion of responses with a
duration$ 12 months was higher for zanubrutinib (89.8%;
95% CI, 78.1 to 95.4) than ibrutinib (77.9%; 95% CI, 64.7
to 86.7). At data cutoff, nine events (five PD and four deaths
without PD) among 162 zanubrutinib responders and 16
events (14 PD and two deaths without PD) among 130
ibrutinib responders were observed. A total of 7.2% of
patients died before data cutoff. The 12-month OS rate was

97.0% and 92.7% with zanubrutinib and ibrutinib (hazard
ratio, 0.54; 95% CI, 0.25 to 1.16), respectively (Fig 3C).

Safety

Median treatment duration with zanubrutinib (15.3 months
[range, 0.4-23.0 months]) and ibrutinib (14.6 months
[range, 0.1-25.9 months]) was similar. One or more AEs
occurred in 95.6% and 99.0% of patients receiving
zanubrutinib and ibrutinib, respectively.

Fatal AEs were reported in 8 and 12 patients receiving
zanubrutinib and ibrutinib, respectively (Table 3; Data
Supplement). Fewer patients on zanubrutinib experienced
AEs leading to treatment discontinuation versus ibrutinib
(7.8% v 13.0%; Data Supplement). Infection events were
the most common AEs of interest leading to treatment
discontinuation (2.9%, each arm). Arthralgia was reported
in 9.3% and 14.0% of patients receiving zanubrutinib and
ibrutinib, respectively. Diarrhea was reported in 16.7% and
19.3% of patients receiving zanubrutinib and ibrutinib,
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respectively (Table 3). Overall cardiac disorder AEs oc-
curred at a lower incidence with zanubrutinib (13.7%)
versus ibrutinib (25.1%; Fig 4A). Cardiac disorders leading
to treatment discontinuation occurred in 3.4% of patients in
the ibrutinib arm (Data Supplement). Grade $ 3 AEs were
experienced in 55.9% and 51.2% of patients receiving
zanubrutinib and ibrutinib, respectively. Common grade
$ 3 AEs are listed in Table 3.

Adverse Events of Interest

The rate of any-grade atrial fibrillation/flutter was significantly
lower with zanubrutinib versus ibrutinib (2.5% v 10.1%; two-
sided P 5 .001, prespecified alpha of 0.0099; Fig 4B).
Grade$ 3 atrial fibrillation/flutter occurred in two (1.0%) and
four (1.9%) patients, and atrial fibrillation/flutter occurred in
four (2.1%) and 18 (9.3%) patients with no history of atrial
fibrillation/flutter receiving zanubrutinib versus ibrutinib,
respectively. Neutropenia was reported at a higher frequency
(28.4% v 21.7%; Table 3) with zanubrutinib versus ibrutinib;
18.6% and 15.0% of patients on zanubrutinib and ibrutinib,
respectively, experienced grade$ 3 neutropenia (Fig 4C). A
total of 15.2% of patients on zanubrutinib and 11.1% of
patients on ibrutinib received colony-stimulating growth
factor as concomitant treatment. One patient discontinued
zanubrutinib because of neutropenia (Data Supplement),
and one case of febrile neutropenia occurred in a patient
treated with ibrutinib. Grade $ 3 infections occurred in
12.7% and 17.9% of patients receiving zanubrutinib and
ibrutinib, respectively (Fig 4D). Themost common grade$ 3
infection (pneumonia) occurred in 3.9% and 4.8% of pa-
tients receiving zanubrutinib and ibrutinib, respectively.
Eleven patients in each arm experienced COVID-19–related
AEs (Data Supplement).

Any-grade hemorrhagic events occurred with similar
frequency in the zanubrutinib and ibrutinib arms
(35.8% v 36.2%, respectively). Major hemorrhagic events
occurred in 2.9% and 3.9% of patients receiving zanu-
brutinib and ibrutinib, respectively, including one case of
CNS hemorrhage in a patient treated with ibrutinib
(Table 3). A total of 16.7% and 16.4% of patients in each
arm experienced any-grade hypertensive AEs. Seventeen
and 13 patients were diagnosed with a second primary
malignancy with zanubrutinib and ibrutinib, respectively.
The most common second primary malignancy was
nonmelanoma skin cancer, observed in 3.4% and 4.8% of
patients on zanubrutinib and ibrutinib, respectively. One
patient developed grade 3 tumor lysis syndrome at
commencement of zanubrutinib treatment.

DISCUSSION

Zanubrutinib is a potent, irreversible next-generation BTKi
designed to maximize BTK occupancy and minimize off-
target inhibition of tyrosine-protein kinase and epidermal
growth factor receptor-family kinases. We hypothesized
that complete/sustained BTK occupancy may improve

efficacy outcomes, and increased BTK specificity may
minimize off-target inhibition-related toxicities.

Zanubrutinib was first compared with ibrutinib in
Waldenströmmacroglobulinemia in the randomized, phase
III trial, ASPEN.17 ALPINE is the second randomized, phase
III trial comparing zanubrutinib with ibrutinib and compares
approximately 600 patients (planned) with relapsed/
refractory CLL/SLL. This preplanned interim analysis was
conducted approximately 12 months after enrolling the first
415 patients.

Except for sex, demographic and baseline disease charac-
teristics, including del(17p)/TP53mutations, were balanced
between each arm in the intent-to-treat analysis set and in
the first 415 randomly assigned patients.

The primary study end point, ORR (CR or PR) as assessed by
investigator, was significantly higher with zanubrutinib
compared with ibrutinib in all patients, in molecular sub-
groups, including del(11q), and in the difficult-to-treat
del(17p)/TP53. Multiple sensitivity analyses of ORR (Data
Supplement), and a high concordance rate of ORR between
investigator assessments and ICR, support the favorable
results for zanubrutinib.

In the ALPINE study, the rate of PR-L or higher for patients
treated with ibrutinib (81% with a median follow-up of 15.4
months) was comparable with the reported cumulative best
response at 15months of 89% in the RESONATE study.18 A
key secondary end point, PFS, although currently imma-
ture, was notably prolonged with zanubrutinib compared
with ibrutinib, and a consistent trend for improvement with
zanubrutinib compared with ibrutinib was seen in OS and
secondary efficacy end points, including duration of re-
sponse (Fig 3; Data Supplement) and time to treatment
failure (data not shown). The PFS rate seen with ibrutinib
(84.0% at 12 months) was comparable with that in the
RESONATE study (84% at 12 months).19

Lower rates of AEs leading to discontinuation or death with
zanubrutinib versus ibrutinib in this study were consistent
with those reported in the ASPEN study, in which AEs
leading to discontinuation with zanubrutinib versus ibru-
tinib were 4% versus 9% and AEs leading to death were 1%
versus 2%, respectively.17 The rate of atrial fibrillation, a
prespecified key secondary end point, was signifi-
cantly lower with zanubrutinib compared with ibrutinib
(2.5% v 10.1%; two-sided P 5 .001). This difference is
consistent with data reported in the ASPEN study, in which
the rate of atrial fibrillation was significantly lower
with zanubrutinib versus ibrutinib (2.0% v 15.3%; one-sided
P 5 .0004) and is consistent with multiple clinical settings
and study populations.17 No patients in the zanubrutinib arm
had cardiac AEs that led to treatment discontinuation,
compared with seven patients in the ibrutinib arm (atrial
fibrillation [two patients], cardiac arrest, cardiac failure,
myocardial infarction, palpitations, and ventricular fibrillation
[one patient each]). One hypothesis suggests that ibrutinib
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therapy can lead to atrial fibrillation and cardiac damage
through the off-target inhibition of C-terminal Src kinase.20

Additionally, ibrutinib inhibits ERBB2/HER2, which results in
cardiac myocyte dysfunction and reduced heart contractile
efficiency.21 Zanubrutinib demonstrates less inhibition of
C-terminal Src kinase than does ibrutinib.11,22

Although not significant, diarrhea, a bothersome AE that
may contribute to treatment discontinuation, was less
common in patients treated with zanubrutinib (16.7%)
compared with ibrutinib (19.3%). These results differ from
the ASPEN study in which all-grade diarrhea was signifi-
cantly less common in patients treated with zanubrutinib
(21%) than with ibrutinib (32%).17 In the ASPEN study, the
rate of hypertension was lower with zanubrutinib (11%)
compared with ibrutinib (16%); the incidence of hyper-
tension in patients treated with zanubrutinib leveled off at
18 months of treatment, whereas patients treated with
ibrutinib remained at continuous risk for hypertension with a
clear separation of the time-to-event curves with longer time
on treatment.17 Here, we observed a similar rate of hyper-
tension across both arms with hypertension leading to
treatment discontinuation in 0 (0.0%) and 1 (0.5%) patient
treated with zanubrutinib and ibrutinib, respectively; a dif-
ference in the rate of hypertension between arms may only
appear with longer duration of treatment and follow-up.

The study has several limitations. Owing to the preliminary
nature of the survival analysis and the short follow-up, PFS
and OS data should be interpreted with caution. A formal
PFS final analysis will be conducted when 205 PFS events
are observed. The choice of ORR, defined as PR or higher,
by investigator assessment as a primary end point is con-
sistent with the tumor response criteria in the iwCLL
guidelines but can be a limitation because excluding PR-L
responses from the ORR excludes patients who may be

TABLE 3. Adverse Events

AE
Zanubrutinib
(n 5 204)

Ibrutinib
(n 5 207)

Any-grade AEa 195 (95.6) 205 (99.0)

Diarrhea 34 (16.7) 40 (19.3)

Upper respiratory tract infection 44 (21.6) 29 (14.0)

Neutropenia 40 (19.6) 32 (15.5)

Hypertension 32 (15.7) 27 (13.0)

Anemia 27 (13.2) 31 (15.0)

Arthralgia 19 (9.3) 29 (14.0)

Contusion 21 (10.3) 18 (8.7)

Cough 26 (12.7) 13 (6.3)

Urinary tract infection 22 (10.8) 17 (8.2)

Muscle spasms 6 (2.9) 23 (11.1)

Grade $ 3 AEb 114 (55.9) 106 (51.2)

Neutropenia 28 (13.7) 22 (10.6)

Hypertension 21 (10.3) 15 (7.2)

Neutrophil count decreased 10 (4.9) 9 (4.3)

Pneumonia 8 (3.9) 10 (4.8)

Thrombocytopenia 6 (2.9) 4 (1.9)

Anemia 4 (2.0) 7 (3.4)

Blood pressure increased 2 (1.0) 7 (3.4)

Syncope 6 (2.9) 2 (1.0)

Serious AEs 56 (27.5) 67 (32.4)

AEs leading to dose reduction 23 (11.3) 25 (12.1)

AEs leading to dose interruption 81 (39.7) 84 (40.6)

AEs leading to treatment discontinuation 16 (7.8) 27 (13.0)

Fatal AEsc 8 (3.9) 12 (5.8)

Any AE of interest 171 (83.8) 178 (86.0)

Anemiad 27 (13.2) 32 (15.5)

Atrial fibrillation and flutter
(key secondary end point)

5 (2.5) 21 (10.1)

Hemorrhage 73 (35.8) 75 (36.2)

Major hemorrhagee 6 (2.9) 8 (3.9)

Hypertensiond 34 (16.7) 34 (16.4)

Infections 122 (59.8) 131 (63.3)

Grade $ 3 26 (12.7) 37 (17.9)

Any-grade opportunistic infection 1 (0.5) 3 (1.4)

Neutropeniad 58 (28.4) 45 (21.7)

Secondary primary malignancies 17 (8.3) 13 (6.3)

Skin cancers 7 (3.4) 10 (4.8)

Thrombocytopeniad 19 (9.3) 26 (12.6)

Tumor lysis syndrome 1 (0.5) 0 (0.0)

NOTE. Data are presented as No. (%). All AEs summarized had an onset from the
time of first dose of study drug up to 30 days after last dose of study drug or the day
before initiation of a new chronic lymphocytic leukemia and/or small lymphocytic
leukemia therapy, whichever occurred earlier.

Abbreviations: AE, adverse event; MedDRA; Medical Dictionary for
Regulatory Activities.

aAEs occurring in . 10% of patients in either arm by MedDRA
preferred term.

bGrade $ 3 AEs in . 2% of patients in either arm by MedDRA
preferred term.

cWith zanubrutinib: malaise (n 5 2), COVID-19, infection,
pneumonia, pneumonia cryptococcal, respiratory tract infection,
sepsis, colitis, jaundice, and mobility decreased (each n 5 1); with
ibrutinib: COVID-19, pneumonia (n5 3), myocardial infarction (n5 2),
pneumonia, influenza, septic shock, multiple organ dysfunction
syndrome, death, cardiac arrest, central nervous system hemorrhage,
cerebral infarction, and respiratory failure (each n 5 1).

dPooled terms including anemia and hemoglobin decreased;
hypertension and blood pressure increased; neutropenia, neutrophil
count decreased, and febrile neutropenia; thrombocytopenia and
platelet count decreased.

eIncludes serious hemorrhage, grade 3 or higher hemorrhage, and
central nervous system bleeding of any grade.
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benefiting clinically from treatment.14 The primary end point
was selected on the basis of agreement with regulatory
authorities and expert investigators in CLL clinical trials. The
open-label design of the study may have introduced bias. To
mitigate potential investigator bias, ICR review was blinded,
and multiple sensitivity analyses of ORR were conducted.

The ALPINE study showed a superior ORR, improved PFS,
and lower rates of atrial fibrillation/flutter in patients with

relapsed/refractory CLL/SLL treated with zanubrutinib
compared with ibrutinib. Initial data support the hypoth-
esis that complete/sustained BTK occupancy may im-
prove efficacy outcomes and increased specificity may
minimize off-target inhibition-related toxicities. The in-
terim analysis demonstrated a favorable benefit-risk
profile for zanubrutinib in the treatment of patients with
relapsed/refractory CLL/SLL.
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