
62 |     Br J Haematol. 2022;198:62–72.wileyonlinelibrary.com/journal/bjh

O R I G I N A L  P A P E R

A two- part, single- arm, multicentre, phase I study of zanubrutinib, 
a selective Bruton tyrosine kinase inhibitor, in Chinese patients 
with relapsed/refractory B- cell malignancies

Yuqin Song1 |    Mingyuan Sun2 |    Junyuan Qi2 |    Wei Xu3 |    Jianfeng Zhou4  |   
Dengju Li4 |    Jianyong Li3 |    Lugui Qiu2 |    Chenmu Du5,6 |    Haiyi Guo5,6 |   
Jane Huang5,6 |    Zhiyu Tang5,6 |    Ying Ou5,6 |    Binghao Wu5,6 |    Yiling Yu5,6 |    Jun Zhu1

Received: 16 December 2021 | Accepted: 13 March 2022

DOI: 10.1111/bjh.18162  

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, 
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. British Journal of Haematology published by British Society for Haematology and John Wiley & Sons Ltd.

1Department of Lymphoma, Key laboratory 
of Carcinogenesis and Translational Research 
(Ministry of Education), Peking University 
Cancer Hospital & Institute, Beijing, China
2National Clinical Research Center for 
Blood Diseases, State Key Laboratory of 
Experimental Hematology, Blood Diseases 
Hospital & Institute of Hematology, Chinese 
Academy of Medical Sciences & Peking Union 
Medical College, Tianjin, China
3Department of Hematology, The First 
Affiliated Hospital of Nanjing Medical 
University, Jiangsu Province Hospital, 
Nanjing, China
4Department of Hematology, Tongji Hospital, 
Tongji Medical College, Wuhan, China
5BeiGene (Beijing) Co., Ltd., Beijing, China
6BeiGene USA, Inc., San Mateo, California, 
USA

Correspondence
Jun Zhu, 52 Fucheng Road, Beijing 100142, 
China.
Email: zhu- jun2017@outlook.com

Funding information 
This study was supported by research funding 
from BeiGene (Beijing) Co., Ltd.

Summary
This single- arm, multicentre, phase I study is the first study of zanubrutinib, a po-
tent, specific, irreversible Bruton tyrosine kinase (BTK) inhibitor, in Chinese pa-
tients with relapsed/refractory B- cell malignancies. The objectives were to evaluate 
safety and preliminary anti- tumour activity. Forty- four patients received zanubruti-
nib 320 mg once daily (QD) (n = 10) or 160 mg twice daily (BID) (n = 34) until disease 
progression or unacceptable toxicity. 29.5% of patients received zanubrutinib for at 
least two years. The most common adverse event (AE) and the most common grade 3 
or higher AE was neutrophil count decreased (54.5% and 25.0% respectively). Two 
patients (4.5%) discontinued treatment due to AEs and one treatment- emergent AE 
led to death. All haemorrhagic events were grade 1– 2 (except for one non- serious 
grade 3 purpura). No second primary malignancies, tumour lysis syndrome, or 
atrial fibrillation/flutter occurred. The overall response rate was 52.3% (complete 
response rate, 18.2%). Patients with all cancer subtypes benefited from treatment. 
BTK C481S/R or L528W mutations were found in zanubrutinib- progressive patients. 
The safety/efficacy profiles of patients treated with 320 mg QD and 160 mg BID were 
comparable and similar daily area under the curve (AUC) was achieved. Overall, 
zanubrutinib was well tolerated and either of these two regimens is clinically practi-
cal. Registered at Clini calTr ials.gov (NCT03189524, on 16 June 2017, https://clini caltr 
ials.gov/ct2/show/NCT03 189524).

K E Y W O R D S
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I N TRODUC TION

Bruton tyrosine kinase (BTK) is a critical component of the 
B- cell receptor signalling cascade. Inhibition of BTK has 
emerged as a promising strategy for the treatment of B- cell 

malignancies. Zanubrutinib is a second- generation BTK in-
hibitor designed to be more selective, minimizing binding 
with off- target kinases.1

This is the first study of zanubrutinib in Chinese patients 
with B- cell malignancies and the only study that compares 
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the 320  mg once- daily (QD) and the 160  mg twice- daily 
(BID) dosing regimen in Asian patients, with a long fol-
low- up time (i.e., >4 years in some patients). Here, we report 
the final results.

M ETHODS

Study design

This was a single- arm, open- label, multicentre, phase I study 
(NCT03189524) of zanubrutinib in Chinese patients with B- 
cell malignancies. The study had two parts: part I was an 
assessment of dose based on safety [dose- limiting toxicity 
(DLT)] and pharmacokinetics (PK), and part II was a dose 
expansion phase to obtain additional data at the recom-
mended phase 2 dose (Figure  1). The starting doses were 
based on data from the first- in- human (FIH) study (BGB- 
3111- AU- 003; NCT02343120).2 Patients could continue 
treatment until intolerable toxicity, disease progression, 
withdrawal of informed consent, or death; or until treat-
ment discontinuation per investigator decision. The study 
protocol and statistical analysis plan are posted at clini caltr 
ials.gov.

The study was conducted in accordance with the prin-
ciples of the International Conference on Harmonization 
Good Clinical Practice Guidelines and the Declaration of 
Helsinki. The protocol was approved by the institutional 
review boards and independent ethics committees at each 
study site, and all patients provided written informed con-
sent prior to taking part. The investigators and their re-
search teams collected the data, all authors had full access 
to the data, and all authors were responsible for analysing/
interpreting the data.

Patients and eligibility criteria

Part I enrolled patients with chronic lymphocytic leukae-
mia/small lymphocytic lymphoma (CLL/SLL), mantle cell 
lymphoma (MCL), Waldenström's macroglobulinaemia 
(WM), follicular lymphoma (FL), and marginal zone lym-
phoma (MZL), and part II enrolled patients with FL and 
MZL. Key inclusion criteria were: relapsed/refractory (R/R) 
disease following one or more lines of therapy, judged by the 
investigator as requiring treatment; and adequate haema-
tological and organ function. Patients with central nervous 
system involvement of the disease or disease transformation 
were excluded.

Procedures

Safety was monitored and AEs were assessed per the National 
Cancer Institute Common Terminology Criteria for Adverse 
Events, version 4.03.3 An anti- tumour activity assessment 
was conducted every 12  weeks for one year after the first 

dose and every 24  weeks thereafter based on appropriate 
disease- specific tumour response criteria (International 
Workshop Group on Chronic Lymphocytic Leukaemia4 for 
CLL; National Cancer Institute Working Group NHL5 for 
non- Hodgkin lymphoma (NHL) including MZL, MCL, FL 
and SLL; International Workshops on Waldenström's mac-
roglobulinaemia6,7 for WM).

Study end- points and statistical analysis

The primary objective was to evaluate the safety and toler-
ability of zanubrutinib in Chinese patients with B- cell ma-
lignancies. The secondary objective was to assess the PK of 
single and multiple oral doses. Efficacy and mechanisms of 
tumour resistance were also explored.

Treatment- emergent AEs (TEAEs) were summarized. 
AEs of special interest (AESI) were: haemorrhage (any hae-
morrhage and major haemorrhage defined as subdural hae-
matoma and subdural haemorrhage, and serious or grade 3 
or higher bleeding or central nervous system bleeding of any 
grade); atrial fibrillation and/or flutter; hypertension; sec-
ond primary malignancies; tumour lysis syndrome; infec-
tions and cytopenias.

The overall response rate (ORR), complete response rate 
(CRR), and median progression- free survival (PFS) and 95% 
confidence intervals (CIs) were estimated. The distribution 
of PFS and duration of response (DOR) were summarized 
using the Kaplan– Meier method.

No hypothesis testing was planned. The sample size for 
part II was determined based on the assumption that the 
ORR was 35%. The 95% CI of the ORR would be 15.4% 
to 59.2% with 20 patients enrolled, which is sufficient to 
demonstrate anti- tumour activity of zanubrutinib.

Pharmacokinetics analysis

Serial blood samples were collected to measure zanubrutinib 
plasma concentrations following single and multiple- dose 
administration. Plasma concentrations of zanubrutinib were 
determined using a validated high- performance liquid chro-
matography with tandem mass spectrometric procedure 
(WuXi AppTec, Shanghai, China) with a calibration range 
of 1.00– 1000  ng/ml, and a lower limit of quantification of 
1.00 ng/ml. Non- compartmental PK analysis was conducted 
using Phoenix® WinNolin® software (version 7.0, Certara, 
Princeton, NJ, USA).

Mutational analysis

Biomarker samples were collected from patients who had 
disease progression after zanubrutinib treatment. Formalin- 
fixed paraffin- embedded tumour tissue samples from seven 
FL and two MZL patients, and bone marrow aspirate from 
one WM patient, along with peripheral blood from four 
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CLL patients were used to analyse the mutational status of 
the BTK gene and other haematological malignancy- related 
genes using validated next- generation sequencing (NGS) 
panels. Three samples were assessed by a NGS panel that 
included 175 haematological malignancy- related genes, and 
11 samples were assessed by a NGS panel containing 475 
lymphoma- related genes. The whole exons and partial in-
trons of these genes were captured by probe hybridization 
and sequencing reads were mapped to the hg19 genome; mu-
tations with clinical significance or biological function were 
filtered through the oncology knowledge base (OncoKB; 
https://www.oncokb.org)8 or the literature for downstream 
analysis. Both panels covered the whole exons of the BTK 
and PLCG2 genes.

R E SU LTS

The first patient was dosed on 5 July 2016. After the final 
analysis, all patients who were still on zanubrutinib were 
transferred to the long- term extension study (NCT04170283). 

As of the database lock for this final analysis (15 October 
2020), 44 patients had been enrolled. The overall median 
follow- up time was 31.5 months (range: 2.3– 49.5 months). In 
part I, the median follow- up time was 46.1 months (range: 
4.6– 48.2  months) for the 160  mg BID dose group and 
45.8  months (range: 3.0– 49.5  months) for the 320  mg QD 
dose group. The median follow- up time for patients in part 
II was 30.0 months (range: 2.3– 36.9 months).

Twenty- one patients were in part I: CLL/SLL (n = 9), WM 
(n = 2), and NHL [FL (n = 6), MZL (n = 2), MCL (n = 2)]. 
Of these, 11 patients were treated with zanubrutinib 160 mg 
BID and 10 were treated with zanubrutinib 320  mg QD. 
Twenty- three patients (FL: n = 20; MZL: n = 3) were in part 
II. The primary reason for study discontinuation in all pa-
tients (n = 44) was transfer to the long- term extension study 
(n = 23); other reasons were loss to follow- up (n = 9), death 
(n = 6), withdrawal by patient (n = 5), and disease progres-
sion (n = 1).

No DLT events occurred in part I. Therefore, 160 mg BID 
was chosen as the recommended phase II dose (RP2D) dose 
based on the totality of safety, efficacy, PK, and progressive 

F I G U R E  1  Study design. In part I, three patients (or six patients if one of the first three patients experienced a DLT) were randomly assigned to 
one of the two treatment arms. If two or more patients experienced a DLT, the dosage was to be reduced by half and three patients were then enrolled 
at that dose. If zero or one patient experienced a DLT, 10 patients in total were to be enrolled in the arm to further assess the safety, tolerability, PK, and 
preliminary PD of the study drug and to determine the RP2D. DLT, dose- limiting toxicity; RP2D, recommended phase II dose [Colour figure can be 
viewed at wileyonlinelibrary.com]

Part I
(Safety, dose selection, and pharmacokinetics)

Part II
(Anti-tumor effects and pharmacokinetics)

 160 mg BID
zanubrutinib

(n=3)
CLL/SLL/MCL/WM/

FL/MZL

320 mg QD
zanubrutinib

(n=3)
SLL/CLL/MCL/WM/

FL/MZL

160 mg BID
(RP2D)

zanubrutinib
n=20 total

R/R FL
or

R/R MZL

28-day observation
RP2D

selected

No DLT observed
Enroll patients

until n=10

160 mg BID
zanubrutinib
(n=10 total)

320 mg QD
zanubrutinib
(n=10 total)

Enroll 3 additional
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at dose level

Dose reduction
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3 additional patients

≥2 DLTs1 DLT

R
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disease (PD) data from the FIH study.2 In particular, while 
nearly full occupancy of BTK in peripheral blood mononu-
clear cells was achieved in patients with either BID or QD 
doses, the median BTK occupancy in lymph node tissue was 
100% with the 160 mg BID dose versus 94% with the 320 mg 
QD dose at steady- state trough.2

Baseline characteristics (Table  1) and prior anti- cancer 
drug therapies (Table 2) were generally similar across dosing 
subgroups, with the exception of patients in the 160 mg BID 
group in part I who had received more prior therapy (me-
dian number of lines was four) than the 320 mg QD group 
(median of three lines) and the part II patients (median of 
three lines).

Safety

All patients received at least one dose of zanubrutinib. The 
median average daily dose and relative dose intensity was 
320  mg/day and 100%, respectively, overall and in both 
160 mg BID and 320 mg QD dosing groups. Overall, 29.5% 
of patients received zanubrutinib for two or more years and 
42.9% of patients in part I were on zanubrutinib for three or 
more years.

The most commonly reported TEAEs were neutrophil 
count decreased, anaemia, and upper respiratory tract in-
fection (Table  3). The most frequently reported grade 3 or 
higher TEAEs were similar (Table 4).

Serious AEs were reported in nine (20.5%) patients. All 
events were resolved/resolving or stable, except for toxic 

T A B L E  1  Demographics and disease characteristics of Chinese 
patients with relapsed/refractory B- cell malignancies receiving 
zanubrutinib

Part I Part II

Total, 
(N = 44)

160 mg 
BID, 
(n = 11)

320 mg 
QD, 
(n = 10)

160 mg BID, 
(n = 23)

Age, years

Median 54.0 55.0 46.0 52.0

Min– max 35– 67 34– 66 28– 67 28– 67

Age group, n (%)

<65years 10 (90.9) 9 (90.0) 21 (91.3) 40 (90.9)

≥65years 1 (9.1) 1 (10.0) 2 (8.7) 4 (9.1)

Sex, n (%)

Male 9 (81.8) 7 (70.0) 8 (34.8) 24 (54.5)

Female 2 (18.2) 3 (30.0) 15 (65.2) 20 (45.5)

ECOG performance status, n (%)

0 4 (36.4) 5 (50.0) 17 (73.9) 26 (59.1)

1 7 (63.6) 5 (50.0) 5 (21.7) 17 (38.6)

2a 0 (0.0) 0 (0.0) 1 (4.3) 1 (2.3)

BMI, kg/m2

Median 25.8 22.2 24.6 24.6

Min– max 21.5– 30.7 20.6– 32.8 17.7– 31.6 17.7– 32.8

Diagnosis, n (%)

CLL 4 (36.4) 3 (30.0) 0 (0.0) 7 (15.9)

SLL 1(9.1) 1(10.0) 0 (0.0) 2 (4.5)

WM 1 (9.1) 1 (10.0) 0 (0.0) 2 (4.5)

NHL 5 (54.5) 5 (60.0) 23 (100.0) 33 (79.5)

FL 3 3 20 26

MZL 2 0 3 5

MCL 0 2 0 2

Time from initial diagnosis to study entry, years

Median 4.7 2.4 2.3 2.8

Min– max 1.1– 8.2 0.5– 10.1 0.8– 20.1 0.5– 20.1

Bone marrow biopsy infiltration of abnormal lymphocytes, n (%)

Yes 5 (45.5) 6 (60.0) 9 (39.1) 20 (45.5)

No 6 (54.5) 4 (40.0) 14 (60.9) 24 (54.5)

Note: Percentages are based on n, number of patients who received ≥1 dose of 
zanubrutinib.
Abbreviations: BID, twice daily; BMI, body mass index; ECOG, Eastern 
Cooperative Oncology Group; CLL, chronic lymphocytic leukaemia; FL, follicular 
lymphoma; max, maximum; MCL, mantle cell lymphoma; min, minimum; MZL, 
marginal zone lymphoma; NHL, non- Hodgkin lymphoma; QD, once daily; SLL, 
small lymphocytic lymphoma; WM, Waldenström's macroglobulinaemia.
aOne patient had an ECOG performance status score of 1 during screening but it 
declines to a score of 2 on cycle 1 day 1.

T A B L E  2  Prior therapy in Chinese patients with relapsed/refractory 
B- cell malignancies receiving zanubrutinib

Part I Part II

Total 
(N = 44)

160 mg 
BID, 
(n = 11)

320 mg 
QD, 
(n = 10)

160 mg 
BID, 
(n = 23)

Number of prior lines of therapy

Median 4.0 3.0 3.0 3.0

Min– max 1– 8 1– 9 1– 6 1– 9

Number of prior lines of therapy, n (%)

1 3 (27.3) 1 (10.0) 4 (17.4) 8 (18.2)

2 1 (9.1) 2 (20.0) 3 (13.0) 6 (13.6)

3 1 (9.1) 4 (40.0) 7 (30.4) 12 (27.3)

4 1 (9.1) 1 (10.0) 4 (17.4) 6 (13.6)

5 2 (18.2) 1 (10.0) 3 (13.0) 6 (13.6)

≥6 3 (27.3) 1 (10.0) 2 (8.7) 6 (13.6)

Best response for last therapy, n (%)

Complete response 2 (18.2) 0 (0.0) 2 (8.7) 4 (9.1)

Partial response 2 (18.2) 2 (20.0) 6 (26.1) 10 (22.7)

Stable disease 2 (18.2) 3 (30.0) 3 (13.0) 8 (18.2)

Progressive disease 1 (9.1) 3 (30.0) 5 (21.7) 9 (20.5)

Not applicable 4 (36.4) 2 (20.0) 7 (30.4) 13 (29.5)

Time from end of last therapy to study entry, months

Median 4.5 3.9 6.0 4.6

Min– max 0.0– 51.4 0.0– 38.2 0.0– 87.4 0.0– 87.4

Note: Zanubrutinib dose regimen is based on the first dose received. Percentages are 
based on number of patients who received ≥1 dose of zanubrutinib.
Abbreviations: BID, twice daily; min, minimum; max, maximum; QD, once daily.
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epidermal necrolysis (TEN) in a 63- year- old male patient 
with MZL in the 160 mg BID cohort in part I. He experi-
enced the event 45  days after treatment started and zanu-
brutinib was terminated as a result. An enlarged lymph node 
was found one month later in this patient, which was judged 
by the investigator to be a signal of disease progression. The 

patient died 88 days after the last dose of study drug; cause 
of death was indicated as TEN and disease progression. 
Notably, the patient had received several drugs that are as-
sociated with TEN, including febuxostat, furosemide, and 
torsemide.

Infections and neutropenia were the most frequently 
reported AESIs (Table 5). Most AESIs of infection were re-
ported as recovered/resolved, and none led to dose inter-
ruptions or study drug discontinuation. All haemorrhagic 
events were grade 1 or 2, except for one non- serious grade 3 
purpura, which was considered to be a major haemorrhage. 
There were no reports of second primary malignancies, tu-
mour lysis syndrome, atrial fibrillation/flutter, or grade 3 or 
higher hypertension.

Adverse events leading to treatment discontinuation 
were reported in two patients (4.5%; one TEN, noted 
above, and the other ‘abortion induced’ which was as-
sessed as unlikely to be zanubrutinib- related). AEs lead-
ing to dose interruption occurred in eight (18.2%) patients. 
Almost all dose interruptions lasted for at most eight days 
and most events resolved or were resolving after the dose 
interruption (Table S2). There were no AEs leading to dose 
reduction.

Six deaths were reported with causes reported as dis-
ease progression (n = 3), unknown reason (n = 2; both pa-
tients had disease progression with one dying 57 days and 
one 299 days after the last dose of zanubrutinib), and an AE 
(n = 1; the aforementioned patient with TEN).

The safety profiles of the zanubrutinib 160 mg BID and 
320  mg QD cohorts were comparable. The most common 
TEAEs overall were cytopenias and infection. The only 

T A B L E  3  Most commona TEAEs (any grade) in Chinese patients 
with relapsed/refractory B- cell malignancies receiving zanubrutinib

Preferred term, n (%)

160 mg 
BID, 
(n = 34)

320 mg QD, 
(n = 10)

Total 
(N = 44)

Patients with ≥1 any- 
grade TEAE

33 (97.1) 10 (100.0) 43 (97.7)

Neutrophil count 
decreased

17 (50.0) 7 (70.0) 24 (54.5)

Anaemia 12 (35.3) 4 (40.0) 16 (36.4)

Upper respiratory tract 
infection

10 (29.4) 5 (50.0) 15 (34.1)

White blood cell count 
decreased

11 (32.4) 3 (30.0) 14 (31.8)

Platelet count decreased 8 (23.5) 2 (20.0) 10 (22.7)

Rash 8 (23.5) 2 (20.0) 10 (22.7)

Hematuria 6 (17.6) 3 (30.0) 9 (20.5)

Hyperuricemia 6 (17.6) 3 (30.0) 9 (20.5)

Pneumonia 6 (17.6) 3 (30.0) 9 (20.5)

Cough 5 (14.7) 3 (30.0) 8 (18.2)

Weight increased 5 (14.7) 3 (30.0) 8 (18.2)

Abbreviations: BID, twice daily; QD, once daily; TEAE, treatment- emergent 
adverse event.
aOccurring in ≥15% of patients overall.

T A B L E  4  Most commona grade ≥ 3 TEAEs in Chinese patients with 
relapsed/refractory B- cell malignancies receiving zanubrutinib

Preferred term, n (%)

160 mg 
BID, 
(n = 34)

320 mg 
QD, 
(n = 10)

Total, 
(N = 44)

Patients with ≥1 grade 3 or 
higher TEAE

18 (52.9) 6 (60.0) 24 (54.5)

Neutrophil count 
decreased

6 (17.6) 5 (50.0) 11 (25.0)

Anaemia 4 (11.8) 1 (10.0) 5 (11.4)

Neutropenia 4 (11.8) 0 (0.0) 4 (9.1)

Upper respiratory tract 
infection

2 (5.9) 2 (20.0) 4 (9.1)

Pneumonia 3 (8.8) 0 (0.0) 3 (6.8)

White blood cell count 
increased

2 (5.9) 1 (10.0) 3 (6.8)

Platelet count decreased 1 (2.9) 1 (10.0) 2 (4.5)

Thrombocytopenia 1 (2.9) 1 (10.0) 2 (4.5)

White blood cell count 
decreased

1 (2.9) 1 (10.0) 2 (4.5)

Abbreviations: BID, twice daily; QD, once daily; TEAE, treatment- emergent 
adverse event.
aOccurring in ≥2 patients overall.

T A B L E  5  Incidence of TEAEs (any grade) of special interest in 
Chinese patients with relapsed/refractory B- cell malignancies receiving 
zanubrutinib

Any grade TEAEs of 
special interest grouping 
terma, n (%)

160 mg 
BID, 
(n = 34)

320 mg 
QD, 
(n = 10)

Total, 
(N = 44)

Patients with ≥1 TEAE of 
special interest

30 (88.2) 10 (100.0) 40 (90.9)

Haemorrhage 11 (32.4) 4 (40.0) 15 (34.1)

Major haemorrhage 1 (2.9) 0 (0.0) 1 (2.3)

Hypertension 0 (0.0) 1 (10.0) 1 (2.3)

Infections 19 (55.9) 7 (70.0) 26 (59.1)

Cytopenias

Anaemia 14 (41.2) 4 (40.0) 18 (40.9)

Neutropenia 18 (52.9) 7 (70.0) 25 (56.8)

Thrombocytopenia 9 (26.5) 3 (30.0) 12 (27.3)

Atrial fibrillation/flutter 0 (0.0) 0 (0.0) 0 (0.0)

Second primary 
malignancies

0 (0.0) 0 (0.0) 0 (0.0)

Tumour lysis syndrome 0 (0.0) 0 (0.0) 0 (0.0)

Abbreviations: BID, twice daily; MedDRA, Medical Dictionary for Regulatory 
Activities; QD, once daily; TEAE, treatment- emergent adverse event.
aAccording to MedDRA Version 23.0.
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all- grade TEAE that differed in incidence by more than 
20% was upper respiratory tract infection (Table  3). The 
only grade 3 or higher TEAE that differed in incidence by 
more than 20% was neutrophil count decreased (Table 4). No 
AESI had a difference in incidence rate between the two dose 
groups of more than 20% (Table 5).

Efficacy

The ORR was 52.3% (95% CI: 36.7%– 67.5%), with a CRR of 
18.2% (95% CI: 8.2%– 32.7%, Table  6). Within each cancer 
subtype, all patients showed clinical benefit. The response 
was most pronounced in patients with CLL/SLL in whom the 
ORR was 100% (95% CI: 66.4%– 100%) and CRR was 33.3% 
(95% CI: 7.5%– 70.1%).

The overall median time to response in all subtypes was 
2.8 months (Table S1). Median PFS was 16.4 months (95% CI: 
8.1– 21.9; Figure 2). The longest median PFS was 44.3 months 
in CLL/SLL patients (Figure  3). The median DOR was 
13.9 months (Figure 4), and median overall survival in the 
total population was not reached.

The efficacy of zanubrutinib 160 mg BID and 320 mg QD 
was compared in part I, taking into account the similarity 
of the tumour types and comparable follow- up durations 

(Table  7). Response rates (ORR, partial response rate, and 
CRR), were similar between the dose groups. Numerically, 
patients on 320 mg QD zanubrutinib achieved higher overall 
and partial response rates; however, those in the 160 mg BID 
cohort reached a higher CRR.

Pharmacokinetics

Zanubrutinib was rapidly absorbed and eliminated after 
oral administration of the 160 mg and 320 mg doses, with 
Cmax occurring at ~2 h post dose. The representative plasma 
concentration– time profile at steady state on week 2 day 1 is 
shown in Figure 5. The steady- state mean (% CV) AUC0– 8 h 
value was 1148 (55.5%) ng h/ml at 320 mg QD, which was 
approximately twofold higher than the 631.3 (63.2%) ng 
h/ml at 160 mg BID. Thus, total daily AUC in the 160 mg 
BID and 320 mg QD dose groups would be expected to be 
comparable.

Mutation biomarker analysis

BTK C481S/R or L528W mutations were detected in two 
CLL patients, one FL patient, and one WM patient who had 

T A B L E  6  Treatment response by disease type in Chinese patients with relapsed/refractory B- cell malignancies receiving zanubrutinib

Response category, n (%) CLL/SLL, (n = 9) MCL, (n = 2) WM, (n = 2) FL, (n = 26) MZL, (n = 5) Total, (N = 44)

Best overall response

CR 3 (33.3) 1 (50.0) 0 (0.0) 4 (15.4) 0 (0.0) 8 (18.2)

CRi 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

VGPR 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

PR 5 (55.6) 0 (0.0) 1 (50.0) 8 (30.8) 0 (0.0) 14 (31.8)

PR- L 1 (11.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (2.3)

MR 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Stable disease 0 (0.0) 1 (50.0) 1 (50.0) 7 (26.9) 3 (60.0) 12 (27.3)

PD 0 (0.0) 0 (0.0) 0 (0.0) 4 (15.4) 0 (0.0) 4 (9.1)

Discontinued prior to first 
assessment

0 (0.0) 0 (0.0) 0 (0.0) 3 (11.5) 2 (40.0) 5 (11.4)

Overall response ratea 9 (100.0) 1 (50.0) 1 (50.0) 12 (46.2) 0 (0.0) 23 (52.3)

95% CI (66.4– 100.0) (1.3– 98.7) (1.3– 98.7) (26.6– 66.6) (0.0– 52.2) (36.7– 67.5)

Partial response rateb 8 (88.9) 1 (50.0) 1 (50.0) 12 (46.2) 0 (0.0) 22 (50.0)

95% CI (51.8– 99.7) (1.3– 98.7) (1.3– 98.7) (26.6– 66.6) (0.0– 52.2) (34.6– 65.4)

Complete response ratec 3 (33.3) 1 (50.0) 0 (0.0) 4 (15.4) 0 (0.0) 8 (18.2)

95% CI (7.5– 70.1) (1.3– 98.7) (0.0– 84.2) (4.4– 34.9) (0.0– 52.2) (8.2– 32.7)

Note: 95% CIs were calculated using the Clopper– Pearson method.
Abbreviations: CI, confidence interval; CLL/SLL, chronic lymphocytic leukaemia/small lymphocytic lymphoma; CR, complete response; CRi, CR with incomplete marrow 
recovery; FL, follicular lymphoma; MCL, mantle cell lymphoma; MR, minor response; MZL, marginal zone lymphoma; PR, partial response; PR- L, partial response with 
lymphocytosis; PD, progressive disease; NE, not estimable; VGPR, very good partial response; WM, Waldenström's macroglobulinaemia.
aOverall response includes best overall response (of non- stable disease, non- PD, and non- NE).
bPartial response includes best overall response of PR or better (i.e., excluding PR- L and MR).
cPercentages are based on numbers of patients with best overall response of CR.
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disease progression on study days 162, 336, 672, and 1345, 
respectively (Table  8). Among seven disease- progressive 
FL patients, four (57.1%) carried TP53 mutations and three 
(42.8%) carried BCL10/CARD11 mutations (Figure S1).

DISCUSSION

In this first study of zanubrutinib in Chinese patients, the 
duration of follow- up was relatively long, with 42.9% of 

F I G U R E  2  Progression- free survival in Chinese patients with relapsed/refractory (R/R) B- cell malignancies receiving zanubrutinib by dose 
regimen. There was no significant difference between the two dose groups as indicated by the log- rank test (p = 0.25) [Colour figure can be viewed at 
wileyonlinelibrary.com]
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patients in part I receiving treatment for three or more 
years. The average daily dose and relative dose intensity 
were given at the planned levels. The long exposure with 
good tolerability could potentially result in durable re-
sponses. Cytopenias and infections were the most com-
mon AEs; however, they were manageable and did not lead 
to treatment discontinuation or dose reduction. The rate 
of AEs leading to treatment discontinuation was relatively 
low at 4.5%. Although 18.2% of patients interrupted treat-
ment due to AEs, re- initiation occurred rapidly because 
the AEs resolved quickly. Most cases of haemorrhage were 
grade 1 or 2. There were no reports of second primary ma-
lignancies, tumour lysis syndrome, or atrial fibrillation/
f lutter ― consistent with a previous report that zanubru-
tinib leads to less atrial fibrillation/f lutter events than 
ibrutinib.9

This study also demonstrated the anti- tumour activity 
of zanubrutinib in relapsed/refractory B- cell malignancies. 
The ORR is clinically meaningful because the study popu-
lation was heavily pretreated and had poor prognostic fac-
tors. Further, eight patients attained a complete response, 
seven of whom had indolent lymphomas ― a subtype which 
does not typically show a complete response to treatment. 
The PFS and DOR data also demonstrated the clinical bene-
fit of zanubrutinib treatment. The present study in Chinese 
patients showed a similar response to zanubrutinib as that 
observed in the BGB- 3111- AU- 003 study conducted outside 
of China,10,11 suggesting that zanubrutinib can benefit all 
patients regardless of ethnicity.

This is the only study that tested zanubrutinib 320  mg 
QD in China, and therefore provided the opportunity to 
compare the safety and efficacy of that dose with the 160 mg 
BID dose in Asian patients with B- cell malignancies. Except 
for a numerically higher frequency of neutrophil count de-
creased and upper respiratory tract infection in the 320 mg 
QD group versus the 160 mg BID group in the current study, 
the safety profile was generally comparable between the two 
dose regimens, which is consistent with the lack of notable 
differences in safety end- points in a global study with a much 
larger dataset (n = 278 for the BID dose; n = 95 for the QD 
dose).12 Possible reasons for the observed differences in our 
study are more patients with decreased neutrophil counts at 
baseline in the 320 mg QD group compared with the 160 mg 
BID group (neutrophil count decreased at screening or at 
cycle 1 day 1: 40.0% vs 17.6%), more patients with bone mar-
row infiltration at screening (60.0% in the 320 mg QD group 
vs 41.2% in the 160 mg BID group), and variability due to the 
limited size of the 320 mg QD group (n = 10). No marked 
difference in response rates was observed between the two 
dose regimens in the current study. This is consistent with 
results of the global study in which both doses led to clini-
cally meaningful and comparable response rates in patients 
with MCL, WM and CLL/SLL, and durable responses across 
tumour types.12,13

The PK profile after single and multiple doses of zanubru-
tinib (at 160 mg and 320 mg) was also assessed. The mean 
accumulation ratio based on Cmax or AUC0– 8 h was close to 
1, indicating limited accumulation after repeated dosing, 

F I G U R E  4  Duration of response [partial response with lymphocytosis (PR- L) or better] in Chinese patients with relapsed/refractory (R/R) B- cell 
malignancies receiving zanubrutinib. Response was defined as PR- L or better [Colour figure can be viewed at wileyonlinelibrary.com]
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which is consistent with the terminal elimination half- life 
(2.3– 3.4 h). The present study showed that comparable total 
daily AUC was achieved between 160 mg BID and 320 mg 
QD regimens. Based on a pooled analysis of phase I/II/III 
studies12 and exposure– response analyses,2 the differences 
in Cmax and trough concentration between the two regimens 
are unlikely to have a meaningful impact on efficacy and 
safety end- points. Given the comparable safety, efficacy, and 
daily AUC between the two regimens, and the convenience of 
once- daily dosing, which may improve treatment adherence, 
320 mg QD has been approved together with 160 mg BID in 
the United States, Europe and other countries/regions.

The PK of zanubrutinib in Chinese patients in the pres-
ent study is generally consistent with those in the global 
FIH study which enrolled mostly non- Asian patients, and 
with previous reports showing lack of an ethnicity impact 
on zanubrutinib PK.14,15 In healthy volunteers in a single 
protocol with controlled extrinsic factors,14 the exposure of 
zanubrutinib in Asian (first- generation Chinese) subjects 
was comparable with that in non- Asian subjects, as was the 
magnitude of interaction with rifampin and itraconazole. In 
addition, a population PK analysis of 632 subjects from nine 
studies, including PK results from the present study, con-
cluded that race does not significantly affect zanubrutinib 
exposure.15

One of the most common resistance mechanisms for ibru-
tinib is BTK C481S which results in reversible inhibition of 
BTK.16 This mutation has also been observed in zanubrutinib- 
progressive CLL patients, along with a BTK Leu528Trp mu-
tation, which decreases binding affinity to zanubrutinib 
and ATP17 and is rarely reported in ibrutinib- progressive 
patients.18 The current study detected BTK Cys481Ser/Arg 
or Leu528Trp mutations in four of 14 patients, including two 
with CLL, one with WM, and one with FL. These findings 
suggest that BTK mutations could contribute to zanubruti-
nib resistance across different haematological malignancies. T
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F I G U R E  5  Plasma concentration– time profile of zanubrutinib on 
day 1 of week 2 after multiple doses in Chinese patients with relapsed/
refractory B- cell malignancies
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PLCG2 mutations, which have been previously reported in 
ibrutinib- progressive patients,16 were not detected in this 
study. Mutations in TP53 and CARD11 are associated with 
worse responses to ibrutinib in FL patients.19,20 In the cur-
rent study, among zanubrutinib- progressive FL patients, 
57.1% carried TP53 mutations and 42.8% carried BCL10/
CARD11 mutations, a rate higher than the 9.5% BCL10, 16% 
CARD11 and approximately 25% TP53 mutation rates pre-
viously reported in recurrent FL patients,19,21 and suggests 
that TP53 and CARD11/BCL10 mutations may contribute to 
resistance to BTK inhibitors in FL patients. Five patients had 
mutational status available in pre- treatment samples using 
a different NGS panel. Two of these five patients had TP53 
mutations. The same mutation was observed in both the pre- 
treatment and the disease progression samples, indicating 
that, at least in these two patients, the TP53 mutations were 
present before zanubrutinib treatment, rather than induced 
during therapy.

In summary, zanubrutinib was well tolerated and the 
anti- tumour effect was clinically significant when given as 
monotherapy at 160 mg BID or 320 mg QD. The totality of 
data, including PK, safety, and efficacy, support the recom-
mended 320 mg QD and 160 mg BID dose regimens with no 
modifications needed for Asian patients.
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