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ABSTRACT

The phase III ASPEN study demonstrated the comparable efficacy and improved safety of
zanubrutinib versus ibrutinib in patients with Waldenström macroglobulinemia (WM). Here,
we report long-term follow-up outcomes from ASPEN. The primary end point was the sum of
very good partial response (VGPR)1 complete response (CR) rates; secondary and exploratory
end points were also reported. Cohort 1 comprised 201 patients (myeloid differentiation
primary response 88–mutant WM: 102 receiving zanubrutinib; 99 receiving ibrutinib); cohort
2 comprised 28 patients (myeloid differentiation primary response 88 wild-type WM: 28
zanubrutinib; 26 efficacy evaluable). At 44.4-month median follow-up, VGPR1 CR rates were
36.3% with zanubrutinib versus 25.3% with ibrutinib in cohort 1 and 30.8% with one CR in
cohort 2. In patients with CXC motif chemokine receptor 4 mutation, VGPR 1 CR rates were
21.2% with zanubrutinib versus 10.0% with ibrutinib (cohort 1). Median progression-free
survival and overall survival were not reached. Any-grade adverse events (AEs) of diarrhea
(34.7% v 22.8%), muscle spasms (28.6% v 11.9%), hypertension (25.5% v 14.9%), atrial
fibrillation/flutter (23.5% v 7.9%), and pneumonia (18.4% v 5.0%) were more common with
ibrutinib versus zanubrutinib; neutropenia (20.4% v 34.7%) was less common with ibrutinib
versus zanubrutinib (cohort 1). Zanubrutinib was associated with lower risk of AE-related
treatment discontinuation. Overall, thesefindings confirm the long-term response quality and
tolerability associated with zanubrutinib.

INTRODUCTION

Zanubrutinib is a potent, selective next-generation covalent
Bruton tyrosine kinase inhibitor approved in several coun-
tries for Waldenströmmacroglobulinemia (WM) in adults.1-4

Despite not meeting its primary end point at a median
follow-up of 19.4 months in ASPEN, zanubrutinib demon-
strated comparable efficacy and favorable safety compared
with ibrutinib.5 With 2 years of additional follow-up in
ASPEN, we present long-term efficacy and safety analyses.

METHODS

The open-label, phase III ASPEN study (ClinicalTrials.gov
identifier: NCT03053440) compared ibrutinib versus zanu-
brutinib in patients with WM. Cohort 1 included patients
with mutant myeloid differentiation primary response 88
(MYD88MUT) randomly assigned 1:1 to zanubrutinib 160 mg

twice daily or ibrutinib 420 mg once daily; cohort 2 included
patients with wild-type MYD88 (MYD88WT) who received
zanubrutinib 160mg twice a day.5 Study design,methods, and
primary analysis results have been described.5,6 The ASPEN
study was approved by the independent institutional review
board or independent ethics committee at each study site and
was conducted in accordance with applicable regulatory re-
quirements, the principles of the Declaration of Helsinki, and
Good Clinical Practice guidelines of the International Con-
ference on Harmonization. All patients provided written in-
formed consent.

RESULTS

Patient Disposition and Characteristics

From January 2017 to July 2018, 201 patients with
MYD88MUT WM were enrolled in cohort 1 (102 receiving
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zanubrutinib; 99 receiving ibrutinib); 28 patients were
enrolled in cohort 2 (26 MYD88WT; two unknown). More
patients randomly assigned to zanubrutinib than ibrutinib
were older than 75 years (33.3% v 22.2%, respectively;
P 5 .084) and had CXC motif chemokine receptor 4 mu-
tation (CXCR4MUT) disease (32.4% v 20.2%, respectively;
Table 1; P 5 .073). At a median follow-up of 44.4 months
(range, 0.4-57.3), 65.7% of patients on zanubrutinib and
51.5% on ibrutinib remained on treatment (cohort 1). At a
median follow-up of 42.9months (range, 2.3-53.7), 35.7%

of patients remained on zanubrutinib (cohort 2; Data
Supplement, Fig 1 [online only]).

Efficacy

Very good partial response (VGPR) rates increased over time
and were numerically higher with zanubrutinib than ibru-
tinib at all time points (Fig 1A). Themedian time to VGPRwas
faster for patients on zanubrutinib (6.7 months) versus
ibrutinib (16.6 months); the median time to overall (minor
response or better) or major (partial response or better)
responses were similar between arms. Median durations of
response were not reached (Table 2).

In patients with CXCR4MUT, higher major response rates and
faster median time to response were observed with zanu-
brutinib versus ibrutinib (Table 2). Regardless of CXCR4
mutational status or mutation type (nonsense v frameshift),
VGPR 1 complete response (CR) rates were numerically
higher for zanubrutinib versus ibrutinib.7 In patients with
baseline extramedullary disease, the VGPR 1 CR rate differ-
ence was 18.8% (95% CI, 2.4 to 35.1) favoring zanubrutinib,
consistent with the greater median reduction observed in
lymphadenopathy (65.9% v 52.5%) and splenomegaly (20.0%
v 15.0%) for zanubrutinib versus ibrutinib, respectively. VGPR
1 CR rates were 36.8% versus 22.2% in patients on zanu-
brutinib versus ibrutinib, respectively, with zero lines of prior
therapy; 36.8% versus 25.7% with one to three lines of prior
therapy; 28.6% versus 28.6% with greater than three lines of
prior therapy. One CR was reported (cohort 2); the VGPR1 CR
rate was 30.8% and the major response rate was 65.4% in 26
patients with confirmed MYD88WT WM.

Fewer progression-free survival (PFS; hazard ratio [HR],
0.63 [95% CI, 0.36 to 1.12]) and overall survival (OS; HR, 0.75
[95%CI, 0.36 to 1.59]) events were observed on zanubrutinib
(cohort 1); median PFS or OS were not reached in the intent-
to-treat population (Table 2; Figs 1B and 1C). In patients with
CXCR4MUT WMon ibrutinib, themedian PFS was 39.8months
(Data Supplement, Figs 2 and 3). In cohort 2, 42-month
event-free rates for PFS were lower than cohort 1; OS was
comparable between cohorts (87.5% v 83.9%; Table 2; Data
Supplement [Fig 4]).

Long-Term Safety

Most common reasons for discontinuing treatment were AEs
(cohort 1: nine zanubrutinib, 20 ibrutinib; cohort 2: six) and
disease progression (cohort 1: 14 zanubrutinib, 13 ibrutinib;
cohort 2: eight; Data Supplement [Fig 1]). Median treatment
duration and relative dose intensities were similar between
arms (cohort 1).

Any-grade AEs of diarrhea, muscle spasms, hypertension,
atrial fibrillation/flutter, and pneumonia were more com-
mon with ibrutinib versus zanubrutinib; neutropenia was
less common with ibrutinib versus zanubrutinib (cohort 1;

TABLE 1. Patient Baseline Characteristics

Characteristic

Cohort 1 Cohort 2

Ibrutinib
(n 5 99)

Zanubrutinib
(n 5 102)

Zanubrutinib
(n 5 28)

Age, median (range) 70 (38-90) 70 (45-87) 72 (39-87)

Age 65 years or older,
No. (%)

70 (70.7) 61 (59.8) 19 (67.9)

Age 75 years or older,
No. (%)

22 (22.2) 34 (33.3) 12 (42.9)

Male sex, No. (%) 65 (65.7) 69 (67.6) 14 (50.0)

Prior lines of therapy, No. (%)

0 18 (18.2) 19 (18.6) 5 (17.9)

1-3 74 (74.7) 76 (74.5) 20 (71.4)

>3 7 (7.1) 7 (6.9) 3 (10.7)

Genotype by NGS, No. (%)

CXCR4WT 72 (72.7) 65 (63.7) 19 (67.9)

CXCR4MUT 20 (20.2) 33 (32.4) 1 (3.6)

CXCR4FS 7 (7.1) 19 (18.6) 1 (3.6)

CXCR4NS 13 (13.1) 14 (13.7) 0

Unknownb 7 (7.1) 4 (3.9) 8 (28.6)

IPSS WM, No. (%)

Low 13 (13.1) 17 (16.7) 5 (17.9)

Intermediate 42 (42.4) 38 (37.3) 11 (39.3)

High 44 (44.4) 47 (46.1) 12 (42.9)

Hemoglobin ≤110 g/L,
No. (%)

53 (53.5) 67 (65.7) 15 (53.6)

Baseline IgM
(g/L, central lab),
median (range)

34.2 (2.4-108.0) 31.8 (5.8-86.9) 28.5 (5.6-73.4)

Bone marrow involvement,
% median (range)

60 (0-90) 60 (0-90) 22.5 (0-90)

Extramedullary disease,a

No. (%)
66 (66.7) 63 (61.8) 16 (57.1)

Abbreviations: CXCR4MUT, CXC motif chemokine receptor 4 mutation;
CXCR4WT, CXC motif chemokine receptor 4 wild-type; FS, frameshift
mutation; IgM, immunoglobulin M; IPSS, International Prognostic
Scoring System; NGS, next-generation sequencing; NS, nonsense
mutation; WM, Waldenström macroglobulinemia.
aAssessed by investigator.
bConfirmatory genotyping by NGS was performed for ad hoc analyses.
Nineteen patients (11 in cohort 1, two in cohort 2) had unknown CXCR4
mutation status because of withdrawal of consent (one), quality control
failure (nine), or sample not collected (nine); two patients in cohort 2
had unknown MYD88 mutation status because of insufficient sample.
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Data Supplement, Tables 1 and 2). Incidences of AEs observed
with zanubrutinib were similar between cohorts (Data
Supplement, Table 3). More patients on ibrutinib experi-
enced cardiovascular AEs, including one incidence of ven-
tricular arrhythmia (Data Supplement, Table 4).

Except for neutropenia, prevalence of AEs of interest
(Data Supplement, Table 5) were lower with zanubrutinib
than ibrutinib at all time points (Fig 1D). Exposure-adjusted

incidences of atrial fibrillation/flutter, hypertension,
and diarrhea were significantly lower with zanubrutinib
versus ibrutinib, respectively (descriptive P < .05;
Data Supplement [Fig 5]). With zanubrutinib, the preva-
lence of neutropenia and infection decreased over time.
By >36 months of treatment, the prevalence of infection
was lower in patients receiving zanubrutinib than ibrutinib;
the prevalence of neutropenia was similar between arms
(Fig 1D).
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FIG 1. (A) Best overall response rates over time as assessed by investigator, (B) progression-free survival, and (C) overall survival in the
intent-to-treat patients (99 receiving ibrutinib; 102 receiving zanubrutinib at each time point) and (D) prevalence analysis for adverse events
of interest from 0 to >36 months (cohort 1). Data cutoff: October 31, 2021. aN is the number of patients who are on treatment in each time
interval or who discontinued treatment. The time from first dose date to the earliest date (last dose date 1 30 days, initiation of new
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new or ongoing event during the interval, shown as % of N. HR, hazard ratio; MR, minor response; PR, partial response; SD, stable disease;
VGPR, very good partial response. (continued on following page)
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More patients on ibrutinib than zanubrutinib required
dose reductions because of AEs (cohort 1; Data Supplement
[Table 3]). Treatment-emergent AEs led to discontinua-
tion in 20 (20.4%) patients on ibrutinib versus nine (8.9%)
on zanubrutinib. Most common AEs leading to discon-
tinuation with ibrutinib were cardiac disorders and in-
fections and infestations, with zanubrutinib as second
malignancy (Data Supplement, Table 3). Higher risk of
treatment discontinuation because of AEs (P < .05) and
initiation of next treatment (P 5 .0977) was observed for
ibrutinib versus zanubrutinib (Data Supplement, Figs 6
and 7).

Eight AE-related deaths occurred in cohort 1 (five ibrutinib;
three zanubrutinib); three AE-related deaths occurred in
cohort 2 (Data Supplement, Table 3).

DISCUSSION

In ASPEN, zanubrutinib demonstrated meaningful efficacy
by consistently exhibiting high-quality responses and fa-
vorable safety across 2 years of additional follow-up. High
VGPR 1 CR rates observed with zanubrutinib across muta-
tional groups also reflect a clinical benefit because achieving
immunoglobulin M (IgM) reduction of >90% is associated
with less IgM-related morbidity.
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TABLE 2. Overall and Mutational Efficacy Outcomes as Assessed by Investigator With Zanubrutinib and Ibrutinib in Cohorts 1 and 2

Outcome

Overall—Cohort 1 CXCR4MUT—Cohort 1 CXCR4WT—Cohort 1 MYD88WT—Cohort 2

Ibrutinib (n 5 99) Zanubrutinib (n 5 102) Ibrutinib (n 5 20) Zanubrutinib (n 5 33) Ibrutinib (n 5 72) Zanubrutinib (n 5 65) Zanubrutinib (n 5 26)

Treatment duration,
months, median (range)

42.23 (0.3-57.0) 43.37 (0.8-57.2) 39.64 (0.3-50.3) 44.75 (1.7-57.2) 43.40 (0.5-57.0) 42.43 (0.8-54.4) 30.03 (1.4-49.0)

Relative dose intensity, % 96.98 98.20 94.47 97.44 97.58 98.35 96.89

Best overall response, No. (%)

CR 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (3.8)

VGPR 25 (25.3) 37 (36.3) 2 (10.0) 7 (21.2) 22 (30.6) 29 (44.6) 7 (26.9)

PR 54 (54.5) 46 (45.1) 11 (55.0) 19 (57.6) 39 (54.2) 25 (38.5) 9 (34.6)

MR 14 (14.1) 14 (13.7) 6 (30.0) 4 (12.1) 7 (9.7) 9 (13.8) 4 (15.4)

SD 3 (3.0) 3 (2.9) 0 (0.0) 3 (9.1) 3 (4.2) 0 (0.0) 4 (15.4)

PD 2 (2.0) 1 (1.0) 1 (5.0) 0 (0.0) 1 (1.4) 1 (1.5) 1 (3.8)

NEa 1 (1.0) 1 (1.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.5) 0 (0.0)

Response rates, % (95% CI)

VGPR 1 CR 25.3 (17.1 to 35.0) 36.3 (27.0 to 46.4) 10.0 (1.2 to 31.7) 21.2 (9.0 to 38.9) 30.6 (20.2 to 42.5) 44.6 (32.3 to 57.5) 30.8 (14.3 to 51.8)

P .07 .35 .10 NA

Major response rate 79.8 (70.5 to 87.2) 81.4 (72.4 to 88.4) 65.0 (40.8 to 84.6) 78.8 (61.1 to 91.0) 84.7 (74.3 to 92.1) 83.1 (71.7 to 91.2) 65.4 (44.3 to 82.8)

ORR 93.9 (87.3 to 97.7) 95.1 (88.9 to 98.4) 95.0 (75.1 to 99.9) 90.9 (75.7 to 98.1) 94.4 (86.4 to 98.5) 96.9 (89.3 to 99.6) 80.8 (60.6 to 93.4)

Time to response, months

Median time to VGPR 1 CR 16.59 6.67 31.31 11.10 11.33 6.51 6.88

Median time to major response 2.92 2.83 6.64 3.37 2.83 2.79 2.96

Median time to OR 0.99 1.02 1.25 1.08 0.99 1.02 0.99

Duration of VGPR 1 CR, months

Median DOR (range)b NE (0.01 to 43.01) NE (2.91 to 47.91) 23.2 (1.01 to 23.2) NE (14.1 to 43.31) NE (0.01 to 43.01) NE (2.91 to 47.91) NE (13.8 to 44.11)

24-month event-free rate, %
(95% CI)

79.3 (53.5 to 91.8) 90.6 (73.6 to 96.9) 0.0 (NE to NE) 85.7 (33.4 to 97.9) 83.9 (57.9 to 94.5) 91.8 (71.1 to 97.9) 60.0 (19.5 to 85.2)

42-month event-free rate, %
(95% CI)

72.7 (45.7 to 87.9) 81.7 (60.9 to 92.1) 0.0 (NE to NE) 64.3 (15.1 to 90.2) 76.9 (49.0 to 90.8) 86.1 (62.1 to 95.4) 60.0 (19.5 to 85.2)

Duration of major response, months

Median DOR (range) NE (0.01 to 53.21) NE (0.01 to 51.51) 38.6 (1.91 to 47.01) NE (0.01 to 50.81) NE (0.01 to 53.21) NE (2.7 to 51.51) 23.7 (0.01 to 44.11)

42-month event-free rate, %
(95% CI)

74.9 (62.4 to 83.7) 80.7 (69.5 to 88.1) 38.9 (7.2 to 71.2) 70.4 (45.2 to 85.7) 78.6 (65.4 to 87.3) 85.8 (72.4 to 93.0) 42.2 (18.1 to 64.6)

PFS

Events, No. (%) 30 (30.3) 20 (19.6) 11 (55.0) 8 (24.2) 18 (25.0) 11 (16.9) 13 (50.0)

HR (95% CI) 0.63 (0.36 to 1.12) 0.5 (0.20 to 1.29) 0.70 (0.33 to 1.50) —

P .12 .15 .36 —

Median (range) NE (0.01 to 55.41) NE (0.01 to 55.11) 39.8 (0.4 to 49.81) NE (2.01 to 55.11) NE (0.1 to 55.41) NE (0.01 to 52.61) 45.8 (1.6 to 47.01)

42-month event-free rate, %
(95% CI)

69.7 (58.9 to 78.2) 78.3 (68.4 to 85.5) 49.0 (24.5 to 69.7) 73.2 (53.3 to 85.6) 74.6 (62.3 to 83.4) 81.3 (68.7 to 89.2) 53.8 (33.3 to 70.6)

(continued on following page)
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TABLE 2. Overall and Mutational Efficacy Outcomes as Assessed by Investigator With Zanubrutinib and Ibrutinib in Cohorts 1 and 2 (continued)

Outcome

Overall—Cohort 1 CXCR4MUT—Cohort 1 CXCR4WT—Cohort 1 MYD88WT—Cohort 2

Ibrutinib (n 5 99) Zanubrutinib (n 5 102) Ibrutinib (n 5 20) Zanubrutinib (n 5 33) Ibrutinib (n 5 72) Zanubrutinib (n 5 65) Zanubrutinib (n 5 26)

OS

Events 17 (17.2) 12 (11.8) 6 (30.0) 5 (15.2) 11 (15.3) 7 (10.8) 5 (19.2)

HR (95% CI) 0.75 (0.36 to 1.59) 0.54 (0.16 to 1.81) 0.82 (0.32 to 2.13) —

P .45 .32 .69 —

Median (range) NE (0.5 to 57.11) NE (0.41 to 57.31) 48.2 (0.5 to 50.41) NE (4.01 to 57.31) NE (1.3 to 57.11) NE (0.41 to 54.41) NE (2.3 to 53.71)

42-month event-free rate, %
(95% CI)

85.2 (76.3 to 91.0) 87.5 (79.0 to 92.7) 78.8 (52.7 to 91.5) 84.2 (66.0 to 93.1) 85.6 (74.8 to 92.0) 88.5 (77.4 to 94.4) 83.9 (62.6 to 93.7)

Abbreviations:1, censored; CR, complete response; CXCR4MUT, CXCmotif chemokine receptor 4 mutation; CXCR4WT, CXCmotif chemokine receptor 4 wild-type; DOR, duration of response; HR, hazard
ratio; MR, minor response;MYD88WT, myeloid differentiation primary response 88 wild-type; NA, not available; NE, not evaluable; OR; overall response; ORR, overall response rate; OS, overall survival;
PD, progressive disease; PFS, progression-free survival; PR; partial response; SD, stable disease; VGPR, very good partial response.
aDiscontinued before first assessment.
bMedian follow-up time estimated by reverse Kaplan-Meier method for VGPR 1 CR responses were 27, 36, NE, 40, 28, 34, and 30 months, respectively.
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In other studies, no patients with MYD88WT WM achieved
a major response with ibrutinib or a VGPR/CR with
acalabrutinib.8,9 In the ASPEN study, 31% of patients with
MYD88WT WM achieved a VGPR/CR with zanubrutinib, in-
cluding one CR, after 44-month follow-up. Furthermore,
PFS and OS in patients with MYD88WT WM in our study were
compared favorably with those receiving ibrutinib 6 ritux-
imab treatment in other studies, although all were limited by
small sample size, and cross trial comparison was not
possible.10,11 Our findings support zanubrutinib as the pre-
ferred treatment for patients with MYD88WT WM.

Zanubrutinib exhibited fewer side effects associated with
off-target binding, especially cardiovascular toxicities.
With zanubrutinib, no cases of ventricular arrhythmia were
observed; neutropenia occurred early and was neither
treatment-limiting nor associated with a higher infection
rate. Zanubrutinib was associated with longer treatment
duration and lower risk of dose reduction or discontinuation
because of AEs.12 Patients previously intolerant to ibrutinib
or acalabrutinib did not experience a recurrence of
treatment-related AEs with zanubrutinib.12

Study limitations include an open-label design, unknown
CXCR4 mutational status, and more patients with CXCR4
mutations randomly assigned to zanubrutinib versus
ibrutinib (cohort 1), all of which may have influenced the
VGPR 1 CR rates observed. VGPR 1 CR rate was chosen as
the primary end point for this study because of the pro-
longed responses and infrequent PFS/OS events expected
and because response rates and depth of response are as-
sociated with PFS and time to next treatment in patients
with WM.13-15 Although potential false negatives may have
occurred because of assay sensitivity or lower bone marrow
disease involvement in patients with MYD88WT WM, the
assay was sufficient for detection congruent with expected
mutation rates.16 Potential associations between CXCR4
nonsense versus frameshift mutations and treatment
outcomes were evaluated (manuscript in preparation).

Extended follow-up results confirm improved long-term
safety and tolerability of zanubrutinib compared with ibru-
tinib and support deeper, earlier, andmore durable responses
in patients with WM regardless of previous treatment or
CXCR4 and MYD88 mutational statuses.

AFFILIATIONS
1National and Kapodistrian University of Athens, Athens, Greece
2Monash Health & Monash University, Clayton, VIC, Australia
3Centre for Waldenström’s Macroglobulinemia & Associated Disorders,
University College London Hospital Foundation Trust, London,
United Kingdom
4Maria Sklodowska-Curie National Institute of Oncology, Krakow, Poland
5Flinders Medical Centre, Adelaide, SA, Australia
6Sir Charles Gairdner Hospital, University of Western Australia, Perth,
WA, Australia
7St James University Hospital, Leeds, United Kingdom
8Princess Alexandra Hospital and University of Queensland, Brisbane,
QLD, Australia
9Karolinska Universitetssjukhuset & Karolinska Institutet, Stockholm,
Sweden
10Hospital Universitario de Salamanca, Salamanca, Spain
11Royal Bournemouth & Christchurch Hospital, Bournemouth,
United Kingdom
12Royal North Shore Hospital, Sydney, NSW, Australia
13ASST Grande Ospedale Metropolitano Niguarda, Milan, Italy
14Dana-Farber Cancer Institute, Boston, MA
15Collegium Medicum in Bydgoszcz, Nicolaus Copernicus University in
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