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Zanubrutinib is a selective Bruton tyrosine kinase (BTK) inhibitor evaluated in multiple B-cell

malignancy studies. We constructed a pooled safety analysis to better understand

zanubrutinib-associated treatment-emergent adverse events (TEAEs) and identify

treatment-limiting toxicities. Data were pooled from 6 studies (N5 779). Assessments included

type, incidence, severity, and outcome of TEAEs. Median age was 65 years; 20% were$75 years

old. Most patients hadWaldenstr€ommacroglobulinemia (33%), chronic lymphocytic leukemia/

small lymphocytic lymphoma (29%), or mantle-cell lymphoma (19%). Median treatment

duration was 26 months (range, 0.1-65); 16% of patients were treated for$3 years. Common

nonhematologic TEAEs were upper respiratory tract infection (URI, 39%), rash (27%), bruising

(25%), musculoskeletal pain (24%), diarrhea (23%), cough (21%), pneumonia (21%), urinary

tract infection (UTI), and fatigue (15% each). Most common grade$3 TEAEs were pneumonia

(11%), hypertension (5%), URI, UTI, sepsis, diarrhea, and musculoskeletal pain (2% each). Atrial

fibrillation and major hemorrhage occurred in 3% and 4% of patients, respectively. Atrial

fibrillation, hypertension, and diarrhea occurred at lower rates than those reported historically

for ibrutinib. Grade$3 adverse events included neutropenia (23%), thrombocytopenia (8%),

and anemia (8%). Serious TEAEs included pneumonia (11%), sepsis (2%), and pyrexia

(2%).Treatment discontinuations and dose reductions for adverse events occurred in 10% and
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Key Points

� Pooled safety data
from zanubrutinib
monotherapy studies
in B-cell malignancies
are consistent with
the toxicity profile of
BTK inhibitors.

� Zanubrutinib exhibits
a lower incidence of
atrial fibrillation and
hypertension than
previously reported
with ibrutinib.
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8% of patients, respectively. Thirty-nine patients (4%) had fatal TEAEs, including pneumonia (n5 9),

sepsis (n5 4), unspecified cause (n5 4), andmultiple organ dysfunction syndrome (n5 5). This

analysis demonstrates that zanubrutinib is generallywell toleratedwith a safety profile consistent

with knownBTK inhibitor toxicities; theseweremanageable andmostly reversible.

Introduction

B-cell receptor signaling is essential for normal B-cell development
but is also implicated in survival and proliferation of malignant B
cells.1-3 Bruton tyrosine kinase (BTK), an intermediary in the B-cell
receptor signaling pathway, has been validated as a therapeutic tar-
get based on clinical data generated from BTK inhibitor-treated
patients with various B-cell malignancies.4-11 Ibrutinib, the first-in-class
BTK inhibitor, is health authority-approved in chronic lymphocytic leu-
kemia/small lymphocytic lymphoma (CLL/SLL), Waldenstr€om macro-
globulinemia (WM), relapsed/refractory (R/R) mantle-cell lymphoma
(MCL), and marginal zone lymphoma. Despite clinical benefits,
ibrutinib-associated toxicities, such as diarrhea, hypertension, hemor-
rhage, musculoskeletal pain, and atrial fibrillation, can be treatment
limiting.12 These may be due to off-target inhibition of kinases struc-
turally related to BTK, including epidermal growth factor receptor,
tyrosine kinase, expressed in hepatocellular carcinoma (TEC), Src
family kinases, and others. Acalabrutinib, a second-generation, selec-
tive BTK inhibitor, is approved for the treatment of R/R MCL and
CLL/SLL.

Zanubrutinib (BRUKINSA) is a selective BTK inhibitor that exhibits
less inhibition of off-target kinases than ibrutinib.13 In phase 1 studies
conducted in China (BGB-3111-1002) and other countries (BGB-
3111-AU-003), zanubrutinib demonstrated tolerability without dose-
limiting toxicities at daily doses up to 320 mg. The recommended
phase 2 dose was 320 mg administered either once daily or 160 mg
twice daily, based on pharmacokinetic (PK), pharmacodynamic (PD),
safety, and efficacy results in patients with B-cell malignancies.13 The
efficacy and safety of zanubrutinib were further investigated in addi-
tional studies at 160 mg twice daily. In 2019, zanubrutinib was health
authority approved for the treatment of R/RMCL.

Here, we report a pooled safety analysis compiled from zanubrutinib
studies to generate a comprehensive toxicity profile from a large
population of patients with a variety of B-cell malignancies.

Methods

Studies and patients

Safety data were pooled from 6 multicenter studies that collectively
enrolled 779 patients receiving zanubrutinib at doses from 40 to
320 mg/d (Table 1). These included a phase 1/2 dose escalation
and cohort expansion study investigating the PK, PD, safety, and
preliminary antitumor activity in patients with various B-cell malignan-
cies (BGB-3111-AU-003)5,13; a phase 1 dose-comparison study of
PK, PD, and safety in patients with R/R B-cell malignancies (BGB-
3111-1002); 3 phase 2 efficacy and safety studies in patients with
R/R CLL/SLL (BGB-3111-205),14 MCL (BGB-3111-206),15 and
WM (BGB-3111-210); and 1 phase 3, randomized comparative
study of ibrutinib and zanubrutinib in patients with MYD88MUT

WM,11 which included a single-arm substudy of zanubrutinib in
patients with WM and MYD88WT disease (BGB-3111-302).16

Studies BGB-1002, BGB-205, BGB-206, and BGB-210 were
conducted exclusively in China. The AU-003 study was conducted
in Australia, New Zealand, South Korea, United States, United King-
dom, and Italy; BGB-3111-302 was conducted at 58 trial sites in
the United States, Australia, and 10 European countries. AU-003
allowed enrollment of patients with R/R or treatment-naïve (TN)
CLL/SLL or MCL; study 302 enrolled patients with R/R disease or
TN unfit for standard frontline therapies. All others enrolled patients
with R/R disease exclusively. In all studies except 302 (which
included an ibrutinib comparator arm), concurrent administration of
warfarin was not exclusionary.

Studies were approved by the independent ethics committee or
institutional review board at each participating institution and con-
ducted in accordance with the Declaration of Helsinki and the Inter-
national Conference on Harmonization Guidelines for Good Clinical
Practice. All patients provided written informed consent. Data analy-
ses were performed by biostatisticians at BeiGene USA and Bei-
Gene (Beijing) China.

Assessments

For all studies, safety was evaluated based on the type, frequency,
causality, severity, and seriousness of treatment-emergent adverse
events (TEAEs). Adverse events (AEs) leading to dose reduction,
treatment interruption, discontinuation, or death are also summa-
rized. Serious AEs (SAEs) included those requiring or prolonging
hospitalization and/or were life-threatening or resulted in death. All
verbatim AE descriptions were coded to Medical Dictionary for Reg-
ulatory Activities standardized terminology. AEs of interest (AEIs)
based on the known toxicity profile for the class of BTK inhibitors
were summarized based on prespecified criteria defining each AEI
category (supplemental Table 1). Categories of AEIs include bleed-
ing, major hemorrhage (any non-central nervous system event that
was serious or grade $3 or central nervous system hemorrhage of
any grade), atrial fibrillation or flutter, hypertension, second primary
malignancies (including skin cancers), infections (including opportu-
nistic infections [OIs]), neutropenia, anemia, thrombocytopenia, and
tumor lysis syndrome. Treatment-emergent neutropenia, thrombocy-
topenia, and anemia are summarized as clinical AEs; grade $3
cytopenias are also summarized based on absolute neutrophil
counts (ANC), platelet counts, and hemoglobin concentrations,
respectively. Cytopenias were graded for severity using the Interna-
tional Workshop on CLL Severity Grading Scale in patients with
CLL/SLL only.17 For all other patients, hematologic and nonhemato-
logic toxicities were graded using National Cancer Institute Com-
mon Toxicity Criteria for Adverse Events version 4.03.

Statistical analyses

Data were summarized using descriptive statistics. All-grade and
grade $3 TEAEs, AEIs, and events that led to dose reduction, treat-
ment discontinuation, and death are summarized as crude incidence
rates. Exposure-adjusted incidence rates for AEIs (reported as
events/100 person-months) were calculated as the quotient of the
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number of patients having the event of interest and time from first
dose date to first occurrence of the event or exposure time in the
absence of the event (censored at the data cutoff date for patients
continuing treatment). Clinically relevant differences in demo-
graphics, baseline disease characteristics or incidence/severity of
toxicities as a function of geography (China vs ex-China) are also
reported.

Distributions for times to first occurrence of AEIs are summarized
using the Kaplan-Meier methodology. Associations between specific
AEIs and potential covariates (eg, hemorrhage reported in associa-
tion with thrombocytopenia, antiplatelet, or anticoagulant medication
use; hypertension incidence/worsening in patients with a history of
hypertension) were assessed. Cox proportional hazard regressions
were performed to test for significance of an association with the
covariates of interest.

All patients receiving $1 dose of zanubrutinib were included. The
cutoff date was 31 March 2020.

Results

Patient characteristics

Approximately one-third of patients were enrolled at trial sites within
China; the remainder were enrolled outside of China, including 34%
from Australia. Across all studies, median patient age was 65 years
(range, 20-90); 52% were $65 years, and 20% were $75 years of
age. Almost 70% were male (Table 2). Chinese patients were gen-
erally younger, with a median age of 60 years vs 68 years among
those ex-China. Most patients (88%) had R/R disease; median num-
ber of prior regimens for previously treated patients was 2 (range,
1-12). Eighty-one percent of patients had WM (33%), CLL/SLL
(29%), or MCL (19%). Twenty-one percent had a history of or
ongoing cardiac disorder, including atrial fibrillation/flutter in 7%
(primarily ex-China). Approximately 20% (n 5 151) had serologic
evidence of prior hepatitis B virus (HBV) infection/reactivation; two-
thirds (n 5 97) were Chinese. Eighty-five (56%) patients were pre-
scribed HBV prophylaxis while receiving zanubrutinib. Twenty-six
percent had a history of neoplasia, most commonly nonmelanoma

skin cancers, with the majority in patients from Australia and New
Zealand.

Treatment and study status

In all, 662 (85%) patients received zanubrutinib 160 mg twice daily
and 105 (13%) received 320 mg once daily (Table 1). Relative
treatment intensities were high for both regimens. Median exposure
durations were similar among Chinese (26.4 months; interquartile
range, 21.8) and ex-China patients (25.6 months; interquartile
range, 21.6); there was a slight downward trend in median expo-
sures by age group (Table 3). Collectively, 426 (55%) patients
were treated for $2 years, including 125 (16%) treated $3 years
and 43 (6%) treated $4 years. At data cutoff, 43% of patients had
discontinued zanubrutinib, most commonly for progressive disease
(27%).

The median (25th-75th percentile) follow-up time on study was
28.6 months (22-34). A total of 223 (29%) patients discontinued
study participation in almost equal proportions among Chinese
(29%) and ex-China (28%) patients. Primary reasons for study dis-
continuation were death (18%) and voluntary withdrawal (7%).

Overview of AEs

Almost all patients (98%) reported at$1 TEAE. Nonhematologic tox-
icities reported in $10% of the study population were upper respira-
tory tract infection (URI, 39%), rash (27%), bruising (25%),
musculoskeletal pain (24%), diarrhea (23%), cough and pneumonia
(each 21%), urinary tract infection (UTI), fatigue (each 15%), hematu-
ria, constipation (each 14%), headache, pyrexia (each 13%), hyper-
tension (12%), and nausea (11%) (Figure 1). Respiratory infections
(including pneumonias) and hematuria were more common among
Chinese patients. Gastrointestinal TEAEs (diarrhea, nausea, vomiting,
and constipation), fatigue, bruising or purpura, headache, dyspnea,
and musculoskeletal pain were more common among ex-China
patients. At least 1 grade$3 TEAE was reported in 66% of patients,
including 37% with treatment-related events. Grade $3 nonhemato-
logic TEAEs reported in $2% of patients were pneumonia (11%),
hypertension (5%), URI, UTI, sepsis, diarrhea, and musculoskeletal

Table 1. Individual clinical trial details for integrated safety analysis*

Clinical trial Study no. Phase Zanubrutinib dose (n) B-cell malignancies Patients, no. Enrollment dates

NCT0234312 AU-003
(first in humans)

1/2 160 mg BID (n 5 278)
40 mg QD (n 5 3)†
80 mg QD (n 5 4)†
160 mg QD (n 5 5)†
320 mg QD (n 5 95)

CLL/SLL, DLBCL, FL, HCL, MCL, MZL, RT, or WM 385 August 2014-June 2019

NCT03189524 1002 1 160 mg BID (n 5 34)
320 mg QD (n 5 10)

CLL/SLL, MCL, WM/LPL, FL, MZL, HCL, or non-GCB DLBCL 44 July 2016-November 2017

NCT03206918 205 2 160 mg BID (n 5 91) CLL/SLL 91 March-December 2017

NCT03206970 206 2 160 mg BID (n 5 86) MCL 86 March-September 2017

NCT03332173 210 2 160 mg BID (n 5 44) WM 44 August 2017-May 2018

NCT03053440 302‡ 3 160 mg BID (n 5 129) WM 129 January 2017-July 2018

Total 779

BID, twice daily; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; HCL, hairy cell leukemia; LPL, lymphoplasmacytic lymphoma; MCL, mast-cell lymphoma; MZL, marginal
zone lymphoma; non-GCB, non-germinal center B-cell type; QD, every day; RT, Richter transformation.
*Data cutoff date: 31 March 2020 for all studies.
†Patients assigned to daily doses of 40 to 160 mg were enrolled to the dose escalation component (part 1) of AU-003.
‡Study BGB-3111 302 includes a randomized comparison of zanubrutinib (n 5 101) and ibrutinib (n 5 98) in patients with R/R WM, all with MYD88MUT disease,11 as well as a

single-arm, substudy of WM patients with MYD88WT disease treated with zanubrutinib (n 5 28).16
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pain (each 2%) (Figure 1). Grade$3 pneumonia occurredmore com-
monly in Chinese (16%) vs ex-China (7%) patients. At least 1 SAE
was reported in 356 (46%) patients, including 130 (17%) with
treatment-related events. SAEs were primarily infections, including
pneumonia (11%), cellulitis, sepsis, UTI, URI, pyrexia (each 2%), and
febrile neutropenia (1%) (supplemental Table 2). A lower proportion of
Chinese patients compared with those ex-China reported SAEs (39%
and 49%, respectively), although there was no difference in incidence
of grade$3 TEAEs (67% and66%, respectively). Patients$75 years
of age experienced higher frequencies of both grade $3 TEAEs
(76%) and SAEs (61%) than patients 65 to ,75 (64% and 48%,
respectively) and,65 years old (63% and 38%, respectively). There
were no clear trends for the frequencies of specific SAEs as a function
of age group.

Eighty (10%) patients discontinued zanubrutinib for TEAEs (Table
3), including treatment-related events in 35 (5%); events leading to
discontinuation were most commonly pneumonias (n 5 13, 2%)
and hemorrhage (n 5 7, 1%) (supplemental Table 3). Forty-three
(54%) and 57 (71%) patients discontinued within the first 6 and 12
months, respectively. Treatment discontinuation for TEAEs occurred
in 11% and 10% of Chinese and ex-China patients, respectively
and was twice as frequent in patients $75 and 65 to ,75 (each
14%) than in patients ,65 years old (7%). TEAEs resulting in treat-
ment discontinuation occurred at similar rates between disease sub-
types (10%, 13%, and 10% of patients with WM, MCL, and CLL/
SLL, respectively). Sixty-six (8%) patients had at $1 dose reduction
(Table 3). TEAEs leading to dose reduction were most commonly
neutropenia (n 5 10, 1%), diarrhea (n 5 8, 1%), and pneumonia
(n 5 8, 1%) (supplemental Table 4). Dose reductions were more
common among patients $75 years of age (11%) compared with
those ,65 (6%) and 65 to ,75 (8%) years. Thirty-eight percent of
patients had at $1 treatment interruption for TEAEs (Table 3). Of
the total number of TEAE-related interruptions (n 5 464), 208
(45%) lasted #7 days, 109 (23%) lasted 8 to 14 days, and 147
(32%) were $15 days. Pneumonia, HBV infection/reactivation, and
neutropenia were most commonly associated with treatment inter-
ruptions lasting $15 days (supplemental Table 5).

AEIs

Ninety-two percent of patients reported at $1 AEI, most commonly
intrinsic to the categories of infection, bleeding, or cytopenias.

All-grade and grade $3 infections were reported in 76% and 27%
of patients, respectively (Figure 2; Table 4). All-grade infections
were reported in 75% and 76% of Chinese and ex-China patients,
respectively. Grade $3 infections were more prevalent among Chi-
nese patients (32% and 25%, respectively). The median time (25th-
75th percentile) to first infection was 89 days (29-199); 57% of
patients with infection reported a first occurrence within the initial 6
months of zanubrutinib exposure (Figure 3A). Mucosal infections of
the sinopulmonary and urinary tracts (URI, pneumonia, nasopharyng-
itis, sinusitis, UTI), mostly grade 1 or 2, were most common. Infec-
tions were more commonly reported in patients with CLL/SLL
(87%) and WM (80%) than in those with MCL (69%) but occurred
with equal frequency among patients ,65, $65-75, and $75 years
of age (supplemental Table 6). One or more OIs were reported in
23 (3%) patients (8 WM, 2 MCL, 10 CLL/SLL, 2 hairy cell leuke-
mia, and 1 follicular lymphoma). Grade $3 OIs were reported in 15
patients (1 fatality, Scedosporium infection, in a patient with WM).

Table 2. Baseline demographic and disease characteristics*

N 5 779

Age

Years, median (range) 65 (20-90)

,65, n (%) 375 (48)

$65-75, n (%) 252 (32)

$75, n (%) 152 (20)

Sex

Male, n (%) 528 (68)

ECOG performance status, n (%)

0 364 (47)

1 367 (47)

2 48 (6)

Prior treatment status, n (%)

Relapsed/refractory 688 (88)

Prior lines of therapy, median (range) 2 (1-12)

$3 prior lines, n (%) 232 (30)

Prior hematopoietic stem cell transplant 37 (5)

Treatment-naïve 91 (12)

Race, n (%)

Asian 322 (41)

White 417 (54)

Other 20 (3)

Black or African American 5 (0.6)

Native Hawaiian or Pacific Islander 2 (0.3)

Multiple 1 (0.1)

Missing/not reported/unknown 12 (2)

Region, n (%)

Asia 305 (39)†

Australia/New Zealand 301 (39)

European Union 99 (13)

North America 74 (10)

Diagnosis, n (%)

Non-Hodgkin lymphoma 276 (35)

Mantle-cell lymphoma 145 (19)

Follicular lymphoma 59 (8)

Marginal zone lymphoma 25 (3)

Diffuse large B-cell lymphoma 45 (6)

Other‡ 2 (0.3)

CLL/SLL 225 (29)

WM 253 (33)

Other (hairy cell leukemia, n 5 12; Richter transformation, n 5 13) 25 (3)

History of atrial fibrillation 55 (7)

History of hypertension 270 (35)

History of skin cancers§ 83 (11)

*Percentages may not always add to 100 because of rounding.
†Includes 265 (34%) patients enrolled at study sites within China.
‡Includes 1 patient with “B lineage lymphoma” and 1 patient with “indolent lymphoma.”
§Includes basal cell carcinoma (n 5 40), squamous cell carcinoma (n 5 20), skin

cancer, unspecified (n 5 16), squamous cell carcinoma of the skin (n 5 12), malignant
melanoma (n 5 10), and Bowen disease (n 5 5). Some patients had multiple skin
cancers.
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OIs were most commonly caused by Aspergillus (bronchopulmo-
nary, cerebral aspergillosis), Cryptococcus (meningitis, pneumonia,
fungemia), unspecified fungi (pneumonia, encephalitis), herpes zos-
ter, and Mycobacterium (supplemental Table 7). Seventeen patients
were reported as having received a systemic antimycotic agent
before zanubrutinib initiation; however, no patient with a treatment-
emergent fungal infection was receiving antifungal prophylaxis. Infec-
tions leading to death and treatment discontinuation were reported
in 16 (2%) and 25 (3%) patients, respectively; pneumonia and

sepsis were the most common of these (supplemental Table 8),
whereas those leading to treatment discontinuation were most com-
monly pneumonia, sepsis, and HBV (supplemental Table 3).

Twenty-one (3%) patients reported HBV events; 6 were seronega-
tive for both anti-hemoglobin C (HBc) and anti-hemoglobin S (HBs)
at baseline. HBV events were reported in 14 (5.3%) Chinese
patients, 9 of whom had anti-HBc and/or anti-HBs at baseline com-
pared with 7 (1.4%) ex-China patients, 5 of whom were anti-HBc or
anti-HBs seropositive at baseline; 1 patient was receiving prophylac-
tic lamivudine at event onset. Grade $3 events were reported in
14 (2%) patients; 5 events were serious, including 1 fatal event in a
patient without baseline serologic evidence of prior HBV infection
who died of complications of multiple organ dysfunction syndrome
in the setting of HBV infection after approximately 300 days of zanu-
brutinib exposure. Three (0.4%) HBV events resulted in zanubrutinib
discontinuation. Nineteen patients received antiviral therapies (ente-
cavir, lamivudine, and/or tenofovir) for HBV events.

Bleeding or bruising events were reported in 428 (55%) patients
(Figure 2; Table 4), with slightly higher incidence among ex-China
(58%) vs Chinese patients (50%). Most were minor, involving the
skin (petechiae, purpura, or contusion, 32%), urinary tract (hematu-
ria, 14%; blood urine present, 3%), or other mucosal surfaces (eg,
epistaxis, 8%). Bleeding events were reported more frequently in
patients $75 years of age (65%; supplemental Table 6) and in
patients with CLL/SLL (72%) compared with those with MCL
(47%) or WM (54%). The median (25th-75th percentile) time to a
first bleeding event of any grade was 52 (15-167) days (Figure 3A).
Thirty-one (4%) patients reported major hemorrhages (Figure 2;
Table 4) with similar proportions among Chinese (3%) and ex-China
(5%) patients. Approximately one-half of major hemorrhages (14/
31) occurred in the first 6 months of zanubrutinib exposure (Figure
3B). Major hemorrhages were slightly more frequent among patients
with MCL (5%) and WM (6%) compared with those with CLL/SLL
(2%) and were more common in patients $75 years (9%; supple-
mental Table 6). Major hemorrhages reported in .1 patient included
gastrointestinal hemorrhage in 6 patients, including 3 at a site of
MCL recurrence and in 1 patient with CLL coincident with newly
diagnosed colon cancer; hematuria (n 5 4); purpura (n 5 3); hemo-
thorax, periorbital hematoma after a fall, intracranial hemorrhage, and
subdural hemorrhage (each in 2 patients). Treatment discontinuation
from major hemorrhage was reported in 10 (1.0%) patients. The
only bleeding-related fatality occurred in a 70-year-old male with R/
R MCL, blastic histology, and extensive nodal and extranodal tumor
burden but without other risk factors for bleeding, who died of com-
plications of a left occipital lobe hemorrhage on study day 7.

In all, 222 (28%) patients received $1 antithrombotic medication
while on study, primarily aspirin/other antiplatelet agents, heparin,
and factor Xa inhibitor; only 4 received concurrent warfarin. There
was a weak association between the concurrent use of antiplatelet
agents and risk of grade $3 hemorrhage (hazard ratio [HR], 2.0;
95% confidence interval [CI], 0.9-4.8; P 5 .1; supplemental Table
9). There was a statistically significant relationship between the risk
of grade $3 hemorrhage and anticoagulant medication use up to
and including the day of hemorrhage (HR, 10.1; 95% CI, 4.6-21.9;
P , .0001); most occurred in association with factor Xa inhibitors
(supplemental Table 9). There was no association with concurrent
thrombocytopenia (HR, 1.3; 95% CI, 0.5-3.6; P 5 .6).

Table 3. Zanubrutinib exposure and treatment status

N 5 779

Months, median (25th-75th percentile) 25.8 (11-32)

,24, n (%) 353 (45)

24 to ,36, n (%) 301 (39)

36 to .48, n (%) 82 (11)

$48, n (%) 43 (6)

Exposure by age group, y

,65 27.6 (11-32)

65 to ,75 25.1 (11-31)

$75 23 (12-31)

Relative treatment intensity, median % (25th-75th percentile)*

Overall 99 (96-100)

160 mg BID† 99 (96-100)

320 mg QD† 99 (97-100)

Dose reductions, n (%)

All patients with at least 1 dose reduction‡ 66 (8)

Number of dose reductions

1 47 (6)

2 13 (2)

$3 6 (1)

Treatment interruptions, n (%)

All patients with at least 1 treatment interruption§ 282 (38)

Number of treatment interruptions

1 173 (24)

2 68 (9)

$3 41 (6)

Treatment discontinuations, n (%)

Patients discontinued from treatment 335 (43)

Progressive disease 208 (27)

Adverse event 80 (10)

Withdrawal by patient 18 (2)

Investigator’s discretion 16 (2)

Other 11 (1)

Protocol deviation 1 (0.1)

Patients remaining on treatment 444 (57)

*Defined as the actual cumulative dose divided by the intended cumulative dose over
the duration of the treatment period.
†Based on the number of patients assigned to each dosing regimen at treatment onset.
‡Includes all patients with at least 1 dose reduction. Fifty-three patients had 1 or more

dose reduction for AEs; for the remaining, dose reduction was based on investigator
discretion or other reason.
§Includes treatment interruptions from AEs only for all studies except BGB-3111-1002

(n 5 735).
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A total of 102 (13%) patients reported a second primary malig-
nancy (Figure 2; Table 4), consisting primarily of nonmelanoma skin
cancers, including basal cell carcinomas (n 5 37, 5%), squamous
cell carcinomas (n 5 24, 3%), Bowen disease (n 5 7, 1%), and
unspecified skin cancers (n 5 7, 1%). Three (0.4%) and 10 (1.0%)
patients reported lentigo maligna and malignant melanomas, respec-
tively. No skin cancers were reported among Chinese patients;
most (81%) were reported in patients from Australia and New Zea-
land, where 55 (18%) patients had a history of 1 or more skin can-
cers. Recurrent, metastatic squamous cell skin carcinoma led to
treatment discontinuation in 1 patient. Other second malignancies
reported in .1 patient include prostate cancer (n 5 6), breast can-
cer or invasive ductal carcinoma (n 5 4), gastric adenocarcinoma
(n 5 3), follicular lymphoma, colon cancer, malignant lung neoplasm,
“external ear malignant neoplasm,” unspecified squamous cell carci-
noma, and parotid gland squamous cell carcinoma (each n 5 2).
Four patients died of complications of second primary malignancies;
3 with WM died of complications of acute myeloid leukemia, gastric
adenocarcinoma, and transformation to aggressive lymphoma; the
fourth patient with CLL/SLL died of recurrent, metastatic cutaneous
squamous cell carcinoma.

All-grade and grade $3 hypertension was reported in 95
(12%) and 41 (5%) patients, respectively (Figure 2; Table 4).
Hypertension was equally frequent among Chinese and
ex-China patients. The median (25th-75th percentile) time to
onset of hypertension was 227 days (68-521) (Figure 3B). Fif-
teen percent (41/273) and 11% (54/506) of patients with and
without a history of hypertension, respectively, developed
treatment-emergent hypertension. The HR for treatment-
emergent hypertension in patients with a history of hyperten-
sion was 1.5 (95% CI, 0.97-2.37; P 5 .07), suggesting that
the risk of hypertension might be higher in patients with a his-
tory of hypertension. No patients required either dose reduc-
tion or treatment discontinuation for hypertension.

Atrial fibrillation or flutter was reported in 22 (3%) patients (Figure
2; Table 4), most of whom had $1 risk factor (supplemental Table
10); 6 events were grade $3. The median (25th-75th percentile)
time to atrial fibrillation onset was 183 (36-622) days (Figure 3B).
One occurrence of atrial fibrillation was reported in a Chinese
patient compared with a 4% incidence among patients ex-China,
where a history of atrial fibrillation was more prevalent (1% and
10%, respectively). As expected, atrial fibrillation was more prevalent
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in older patients (9% in patients $75, 3% in patients $65 to 75,
and 0.3% among patients ,65 years old; supplemental Table 6).
Eight (1%) patients, including 4 Chinese patients, experienced ven-
tricular tachyarrhythmias (5 ventricular extrasystoles; 3 ventricular
arrhythmia); 3 additional patients (all ex-China) reported the occur-
rence of “extrasystoles.” One event (ventricular arrhythmia) was
grade 3 and 1 (ventricular extrasystoles) was serious and grade 3.
None led to treatment discontinuation or death; 1 led to treatment
interruption. An 84-year-old patient with WM and a history of cardio-
megaly, hypertension, and valvular and ischemic heart disease expe-
rienced sudden cardiac arrest after a plasmapheresis procedure 3
months after initiating zanubrutinib.

Eighteen percent of patients were neutropenic at baseline, and 277
(36%) reported $1 occurrence of treatment-emergent neutropenia
(Figure 2; Table 4). One or more grade $3 events were reported in
23% of patients (including febrile neutropenia in 2%) and in 28%
based on longitudinal assessments of ANC. Grade $3 ANC abnor-
malities were more prevalent among Chinese patients than ex-China
patients (33% and 26%, respectively). The incidence of neutropenia
was highest in patients with CLL/SLL (45.0%), comparable among
patients with WM (32%) and MCL (34%) and higher in patients,65
years old (45%; supplemental Table 6). Fifty-five percent of patients
with neutropenia reported a first occurrence within the initial 3 months
of zanubrutinib exposure (Figure 3A) and 140 (51%) receivedmyeloid

growth factor support with granulocyte- or granulocyte macrophage-
colony-stimulating factor within 30 days after onset. Factors associ-
ated with a heightened risk of treatment-emergent neutropenia were
baseline neutropenia (odds ratio [OR], 2.420; P, .0001); any base-
line peripheral blood cytopenia (OR, 1.752;P5 .005); number of prior
lines of therapy (OR, 1.480; P5 .005 for 0, 1 vs$2 prior therapies);
and a #24-month interval between last therapy and study enrollment
(OR for #24 vs .24 months, 2.227; P , .0001). Twenty-three per-
cent of patients were thrombocytopenic at baseline. Any -grade and
grade $3 treatment-emergent thrombocytopenia were reported in
167 (21%) and 61 (8%) patients, respectively (Figure 2; Table 4).
Grade $3 thrombocytopenia based on longitudinal assessments of
platelet counts was reported in 12% of patients. The incidence of
thrombocytopenia was comparable among patients with CLL/SLL
(27%) and MCL (30%) but lower among patients with WM (15%).
Fifty-six percent of patients with thrombocytopenia reported a first
occurrence within the first 3 months of zanubrutinib, and 15 (9.0%)
received platelet transfusions within 30 days after onset. Forty-seven
percent of patients had baseline anemia; 137 (18%) and 63 (8%)
reported $1 occurrence of any -grade and grade $3, treatment-
emergent anemia, respectively (Figure 2; Table 4). Grade$3 anemia
was observed in 9% of patients based on longitudinal assessments of
hemoglobin concentrations. Fifty-nine percent of patients with anemia
reported a first occurrence within the first 3 months of zanubrutinib
and 50 (37%) received red blood cell transfusionswithin 30 days after
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Figure 2. AEIs are reported by category and severity (all grade and grade �3). See supplemental Table 1 for a description of criteria that define each category of

AEI. Neutropenia includes the PTs neutropenia (n 5 104), neutrophil count decreased (n 5 184), febrile neutropenia (n 5 15), and neutropenic sepsis (n 5 1); anemia

includes the PTs anemia (n 5 131) and hemoglobin decreased (n 5 6); and thrombocytopenia includes the PTs thrombocytopenia (n 5 65) and platelet count decreased

(n 5 107). Hypertension includes the PTs hypertension (n 5 91) and blood pressure increased (n 5 6). Hemorrhage is inclusive of major hemorrhagic events (also reported

separately); second primary malignancies include skin cancers (reported separately); and infections include opportunistic infections (reported separately).
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onset. As expected, neutropenia, thrombocytopenia, and anemia were
reported more frequently in R/R than TN patients (38% vs 14%; 23%
vs 0%; and 18% vs 14%, respectively). Anemia, thrombocytopenia,
and neutropenia led to treatment discontinuation in 2, 2, and 1 patient
and dose reductions in 2, 2, and 10 patients, respectively.

Temporal relationships between selected AEIs and

zanubrutinib exposure

Kaplan-Meier curves for the distributions of neutropenia, hemor-
rhage, and infection showed disproportionately high hazards during
the first 6 to 18 months of therapy with a relative plateauing of risk
thereafter (Figure 3A). In contrast, the distributions for second pri-
mary malignancies (predominantly skin cancers) and hypertension
follow a more linear pattern whereby the hazard appears relatively
constant up to approximately 30 to 36 months of exposure (Figure
3B). The hazard of OIs and major hemorrhage appears highest in
the first 18 months of exposure, whereas that for atrial fibrillation/
flutter shows no clear temporal relationship to zanubrutinib expo-
sure, although the total number of events is small (Figure 3B).

Survival status

A total of 144 (18%) patients have died, most from complications of
progressive disease (n5 79) and most (n 5 93).30 days after last
zanubrutinib exposure. Thirty-nine (5%) patients had TEAEs that led to
death, including 13 treatment related. These were most commonly
from complications of pneumonia (n5 9), sepsis (n5 4), unspecified
cause (n5 4), and multiple organ dysfunction syndrome (n5 5) (sup-
plemental Table 8). Among patients with infection-related deaths, 2
were receiving prophylactic antibiotics. Grade 5 events were evenly
distributed among patients within and ex-China (each 5%) and were
higher in patients $75 (10%) than those 65 to ,75 (5%) and ,65

years old (3%). In at least 7 patients, grade 5 events occurred in the
setting of progressive disease.

Discussion

This pooled analysis offers the most comprehensive evaluation of
safety to date for zanubrutinib monotherapy. The dataset is notewor-
thy for its geographic and ethnic diversity, variety of B-cell malignan-
cies, proportion of patients exposed to treatment $24 months, and
substantial representation of elderly ($75 years) patients.

The spectrum of TEAEs reported is generally consistent with that
observed in previous studies of zanubrutinib and other BTK inhibi-
tors.11,13-16,18 Infections (particularly of the respiratory tract) were
the most common category of TEAEs and likely the greatest source
of morbidity and mortality4-10,19; 41% of all-grade 5 TEAEs (16/39)
and 31% (25/80) of treatment discontinuations were infection
related. Contributions to the risk of infection from BTK inhibitors
include neutropenia (an on-target effect of BTK inhibition) and
depletion/dysfunction of normal B cells.20,21 Grade $3 infection
incidence associated with zanubrutinib (27%) is similar to that
reported in a pooled analysis from 1476 ibrutinib-exposed patients
(21%)22 but higher than reported for acalabrutinib (18%).23 OIs
similar to those reported here have also been reported in asso-
ciation with ibrutinib, acalabrutinib, and other kinase inhibitors (eg,
idelalisib).9,20,24,25 Contributions to OI risk include prior immu-
nochemotherapy exposure and immunodeficiency associated with
advanced disease. The occurrence of HBV events with zanubrutinib
and other BTK inhibitors highlights the importance of prophylactic
suppression in at-risk patients.

BTK inhibitor-associated primary hemostatic defects are mediated
through effects on both BTK and TEC platelets. Additionally, the

Table 4. Exposure-adjusted incidence rates for AEIs by category*

Category All grades All patients with eventn (%) Grade $3 All patients with eventn (%)

Infections 9.6 590 (76) 1.4 214 (27)

Opportunistic infections 0.1 23 (3) 0.1 15 (2)

Hemorrhage† 4.8 428 (55) 0.2 28 (4)

Major hemorrhage 0.2 31 (4) 0.2 28 (4)

Neutropenia‡ 2.1 277 (36) 1.2 183 (23)

Thrombocytopenia§ 1.1 167 (21) 0.3 61 (8)

Anemiajj 0.8 137 (18) 0.04 63 (8)

Second primary malignancies¶ 0.6 102 (13)jj 0.2 40 (5)

Skin cancers 0.4 69 (9) 0.1 13 (2)

Hypertension 0.6 95 (12) 0.2 41 (5)

Atrial fibrillation and flutter 0.1 22 (3) 0.03 6 (1)

Tumor lysis syndrome# 0.02 3 (0.4) 0.02 3 (0.4)

*Exposure-adjusted incidence rate is calculated as the first occurrence of each adverse event of interest per 100 person- months of zanubrutinib exposure.
†Inclusive of major hemorrhage.
‡Includes clinical AEs reported under the preferred terms (PTs) neutropenia (n 5 97), neutrophil count decreased (n 5 178), febrile neutropenia (n 5 14), and neutropenic sepsis

(n 5 1).
§Includes clinical AEs reported under the PTs thrombocytopenia (n 5 58) and platelet count decreased (n 5 97).
jjIncludes clinical AEs reported under the PTs anemia (n 5 125) and hemoglobin decreased (n 5 6).
¶Inclusive of skin cancers.
#Two cases of tumor lysis syndrome occurred .30 d after discontinuation of zanubrutinib for disease progression; both were assessed as grade $3 and serious. In 1 patient, the

event occurred in association with venetoclax exposure, a known precipitant of tumor lysis syndrome.35 A third patient experienced an event with onset 9 d after discontinuation of
zanubrutinib for progression of MCL on study day 150, which was unresponsive to medical management. The patient died 3 d after onset from complications of acute kidney injury.
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activity C-type lectin-like receptor 2, which mediates thrombus sta-
bility after platelet adhesion, is impaired by BTK and TEC inhibition.
Patients with X-linked agammaglobulinemia have mildly diminished
collagen-mediated platelet activation without bleeding diathesis,
suggesting that TEC activity can compensate for the absent
BTK.26,27 The vast majority of BTK inhibitor-associated bleeding epi-
sodes involve skin or mucous membranes, are relatively minor, and
not treatment limiting; a small proportion are potentially life-
threatening and, on occasion, fatal. In the randomized BGB-3111-
302 trial of patients with WM, the rate of major hemorrhage
was lower for zanubrutinib than ibrutinib (0.3 vs 0.6 events/100
person-months, respectively).11 In the current analysis, �4% of
patients reported major hemorrhages, comparable to that reported
for both ibrutinib (4%) and acalabrutinib (4%).22,23 Although con-
current warfarin use was not prohibited in all except 1 trial, only 4
patients received concurrent warfarin while on zanubrutinib, 1 of
whom experienced major hemorrhage (supplemental Table 9).
Results from regression analyses suggest there may be an
increased risk of major hemorrhage among zanubrutinib recipients
receiving concurrent antiplatelet or anticoagulant therapy but must
be interpreted cautiously, given the small number of major bleeding
events.

One important observation supported by our analysis is confirmation
of a lower risk of atrial fibrillation among zanubrutinib- vs ibrutinib-
treated patients; when considering only patients enrolled to single-
arm trials in our series, grade $3 atrial fibrillation/flutter was
reported in 6 (1%) patients compared with a 4% incidence in a
large pool of ibrutinib-treated patients.22 Because risk factors for the
pooled ibrutinib analysis were not reported, whether they are similar
to those in the present zanubrutinib population is unknown. The
lower rate of $3 atrial fibrillation events for zanubrutinib relative to
ibrutinib, however, is consistent with results from the randomized,
phase 3, BGB-3111-302 study comparing the efficacy and safety
of ibrutinib and zanubrutinib in patients with WM. In this study, all-
grade and grade $3 atrial fibrillation occurred in 18% and 4% of
ibrutinib-treated patients, respectively, compared with 4% and 0%
zanubrutinib-treated patients,11 (similar to that in the general popula-
tion). Risk factors of age, history of atrial fibrillation, and history of
hypertension were comparable between arms.

A meta-analysis reported a pooled incidence rate (95% CI) for atrial
fibrillation of 3.3 events (2.5-4.1) per 100 person-years among ibruti-
nib recipients (compared with 1.3 events/100 person-years in our
series), which was substantially higher than that in clinical trial
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Figure 3. Kaplan-Meier curves illustrating the temporal relationship between selected AEIs and zanubrutinib exposure for (A) common AEIs
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patients receiving non-ibrutinib therapy in 4 randomized trials (0.84
[0.32-1.6] per 100 person-years) as well as the general population
of men and women aged 65 to 74 years (1.8 and 1.0 per 100
person-years, respectively).28,29 Less grade $3 atrial fibrillation/flut-
ter was also recently reported in a pooled analysis of 1040
acalabrutinib-exposed patients (1.3%).23 A lower atrial fibrillation risk
has implications not only for cardiovascular morbidity but also the
risk of bleeding insofar as atrial fibrillation patients typically require
stroke prophylaxis with antiplatelet agents or anticoagulants.26,30 No
occurrences of atrial fibrillation were reported among Chinese
patients, likely because of a lower incidence of cardiovascular risk

factors and younger age compared with ex-China patients. Other
cardiovascular toxicities reported in recipients of ibrutinib include
rare but potentially serious ventricular tachyarrhythmias, some leading
to sudden cardiac arrest and death.22,31 Rare occurrences of ven-
tricular arrhythmias were also documented in our series. None led to
zanubrutinib discontinuation or death, although ventricular tachyar-
rhythmia as a preterminal event cannot be excluded in the elderly
patient with WM and preexisting heart disease who experienced
sudden death. Finally, all grade and grade $3 hypertension were
reported in 10% and 4%, respectively, in our series compared with
19% and 8% in a large pool of ibrutinib recipients.22

B

Time to event, months

Ev
en

t r
at

e

0.0

No. of patients at risk

0.2

0.4

0.6

0

779
779

634
636

536
544

468
480

371
385

213
225

99
103

67
70

30
31

10
10

4
4

0
0

6 12 18 24 30 36

Second primary malignancies
(including skin cancers)

42 48 54 60

All second primary malignancies
Skin cancers

All second primary
malignancies
Skin cancers

66

Time to event, months

Ev
en

t r
at

e

0.0

No. of patients at risk

0.2

0.4

0

779
779

624
648

529
560

468
503

372
403

212
237

102
115

68
81

27
36

9
10

5
5

0
0

6 12 18 24 30 36

Hypertension

42 48 54 60

All grade hypertension
Grade �3 hypertension

All grade hypertension

Atrial fibrillation/flutter

Grade �3 hypertension

66

Time to event, months

Ev
en

t r
at

e

0.0

No. of patients at risk

0.1

0.2

0

779 653 575 519 421 250 120 86 41 15 7 0

6 12 18 24 30 36 42 48 54 60 66

Time to event, months

Ev
en

t r
at

e
0.0

No. of patients at risk

0.1

0.2

0

779 651 572 516 422 247 122 85 40 13 6 0

6 12 18 24 30 36

Opportunistic infection

42 48 54 60 66

Time to event, months

Ev
en

t r
at

e

0.0

No. of patients at risk

0.1

0.2

0

779 655 575 520 425 254 125 90 44 15 7 0

6 12 18 24 30 36

Major hemorrhage

42 48 54 60 66

Figure 3. (continued)

22 FEBRUARY 2022 • VOLUME 6, NUMBER 4 ZANUBRUTINIB SAFETY IN B-CELL MALIGNANCIES 1305



Cytopenias were relatively frequent, usually not serious, and typically
managed with supportive care and/or treatment interruption. The 23%
incidence of grade $3 neutropenia in our series is identical to the
incidence of grade 3 or 4 neutropenia reported in ibrutinib-exposed
patients.22 The incidence of grade $3 neutropenia was higher among
Chinese patients than those ex-China. One possible explanation is
that all Chinese patients had R/R disease, whereas ex-China patients
were a mix of both R/R and treatment-naïve patients (�12%). This
may also have had a role in the higher incidence of grade $3 infec-
tions noted among Chinese patients. Treatment discontinuations and
dose reductions for management of cytopenias were uncommon.

Diarrhea, although generally not life-threatening, has quality-of-life
implications for patients receiving BTK inhibitors andmay be treatment
limiting. The 22% incidence of all-grade diarrhea reported here is
lower than that reported in association with ibrutinib (39%)32 and aca-
labrutinib (37%).23With 2 (0.3%) and 8 (1%) patients requiring treat-
ment discontinuation and dose reduction, respectively, diarrhea was
an infrequent cause of treatment limitation in our series.

Our analysis has several limitations, including the small number of
Black patients (1% of the total population), and those with severe
renal and hepatic impairment, who are often excluded from trial par-
ticipation on safety grounds. Because our analysis includes only
patients enrolled in clinical trials, the frequencies of toxicities
reported herein may underestimate those encountered in a real-
world setting.12,33 In addition, safety results need to be interpreted
in the context of efficacy, which was not examined in this analysis.
Notably, however, head-to-head studies with zanubrutinib vs ibrutinib
reported higher response rates with zanubrutinib. In a study of zanu-
brutinib vs ibrutinib in patients with R/R CLL (BGB-3111-305),
overall response rates by investigator assessment were significantly
higher with zanubrutinib.11,34 Finally, the previously cited compari-
sons between zanubrutinib and other BTK inhibitors for specific tox-
icities, although derived from large data pools, are limited by
variable treatment and follow-up duration for each and are not a
substitute for randomized, controlled studies.

In summary, this comprehensive analysis indicates that zanubrutinib
is generally well tolerated and exhibits a safety profile consistent
with known toxicities for the BTK inhibitor class and those intrinsic
to B-cell malignancies. These could be monitored with conventional
safety assessments, were manageable, and mostly reversible. For
toxicities such as all-grade diarrhea, atrial fibrillation/flutter, and
hypertension, the incidence among zanubrutinib-treated patients
was lower than for ibrutinib. These observations are consistent with
findings from a head-to head trial comparing ibrutinib and zanubruti-
nib, BGB-3111-302. That study reported AEIs among zanubrutinib-
treated patients similar to those reported here (Table 4), with lower
rates of atrial fibrillation/flutter, major hemorrhage, and hypertension
than in the ibrutinib arm.11 Thus, zanubrutinib may offer the potential
for improved safety and tolerability in patients with B-cell malignan-
cies relative to existing treatment options.
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