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The non-germinal center B-cell like (non-GCB) subtype of diffuse large B-cell lymphoma

(DLBCL) has poor clinical outcomes. Bruton tyrosine kinase (BTK) inhibitors have established

therapeutic activity in B-cell malignancies, with modest activity in DLBCL. Zanubrutinib, a

potent and selective BTK inhibitor, was evaluated in patients with relapsed or refractory (R/R)

non-GCB DLBCL. The BGB-3111-207 study (NCT03145064) was a multicenter single-arm phase

2 study. Patients received twice-daily oral zanubrutinib, 160 mg, until disease progression or

unacceptable toxicity. The primary end point was the overall response rate (ORR). Secondary

end points included progression-free survival (PFS) and duration of response (DOR). Overall

survival (OS) was an exploratory end point. Forty-one patients were enrolled in China after

having progressed or not responded to prior therapy. At data cutoff, 4 patients continued treat-

ment with 37 discontinuations. The median follow-up was 6.8 months, the ORR was 29.3%,

and the complete response rate was 17.1%. Median DOR, PFS, and OS were 4.5, 2.8, and 8.4

months, respectively. Adverse events (AEs) leading to treatment discontinuation were reported

in 4 patients, and grade $ 3 AEs were reported in 48.8% of patients. Major hemorrhage, atrial

fibrillation, and/or flutter were not observed. Zanubrutinib demonstrated modest antitumor

activity in non-GCB DLBCL, like other BTK inhibitors, as well as a safety profile consistent with

previous studies. Through retrospective biomarker testing, potential antitumor activity was

observed in patients with both CD79B and MYD88 mutations, who have inferior outcomes to

immunochemotherapy. Future studies of zanubrutinib in R/R non-GCB DLBCL will focus on

developing mechanism-based treatment combinations and biomarker-driven patient selection.

Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common type of non-Hodgkin lymphoma and
accounts for 30% to 40% of new diagnoses.1,2 In recent years, biological studies have shown that
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Key Points

� Modest responses
and antitumor activity
were observed with
zanubrutinib mono-
therapy in patients
with non-GCB
DLBCL.

� Potential antitumor
activity was observed
in DLBCL with
mutations in both
CD79B and MYD88
genes.
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DLBCL is not a single disease but a group of disorders with spe-
cific signaling programs. According to Hans’ algorithm, DLBCL can
be categorized into germinal center B-cell–like (GCB) and non-
GCB phenotypes by the immunohistochemical expression pattern
of CD10, Bcl-6, and MUM1.3,4 Since 2004, rituximab, cyclophos-
phamide, doxorubicin, prednisolone immunochemotherapy has
become first-line therapy for patients with DLBCL,5,6 with 3-year
overall survival (OS) rates ranging from 59% to 91%. Unfortunately,
a considerable proportion of patients are refractory to or relapse fol-
lowing first-line therapy, with very unfavorable outcomes especially
for patients who are ineligible for intensive chemotherapy and hema-
topoietic stem cell transplant.

Bruton tyrosine kinase (BTK), an intermediary in the B-cell receptor
signaling pathway, has been validated as a therapeutic target based
on clinical data generated from BTK inhibitor–treated patients with a
variety of B-cell malignancies characterized by constitutive B-cell
receptor activation, such as non-GCB DLBCL.7 Ibrutinib, the first-in-
class BTK inhibitor approved by the US Food and Drug Administra-
tion, has demonstrated modest activity in patients with relapsed
DLBCL with an overall response rate (ORR) of 23%,8 similar to that
of acalabrutinib, a second-generation BTK (ORR 24% in DLBCL,
regardless of molecular subtype).9 Zanubrutinib (BGB-3111) is a
novel small molecule, an oral BTK inhibitor that forms an irreversible
covalent bond at a cysteine residue (Cys481) within the adenosine
triphosphate binding pocket of the BTK protein. Zanubrutinib was
shown to have a favorable safety profile and robust activity in several
clinical studies treating B-cell malignancies.10-12

On the basis of the safety and efficacy of zanubrutinib in other
B-cell malignancies, which showed preliminary data with more favor-
able pharmacokinetics and pharmacodynamics properties,13 in the
current phase 2 study we aimed to evaluate the efficacy and safety
of zanubrutinib in patients with relapsed or refractory (R/R) non-
GCB DLBCL in China.

Methods

Patients and eligibility

The current study enrolled patients aged 18 years or older with his-
tologically documented non-GCB DLBCL who had no response or
had relapsed after $1 prior treatment regimen (eg, rituximab and
anthracycline-based chemotherapy) and patients who were also inel-
igible for, or refused, intensive chemotherapy and bone marrow
transplantation. Patients with current, or a history of, central nervous
system lymphoma or prior exposure to a BTK inhibitor were
excluded. DLBCL subtypes were designated as GCB or non-GCB,
using the immunohistochemistry algorithm specified by Hans et al.14

Full inclusion and exclusion criteria are presented in the Data
Supplement.

Study design and treatment

This open-label multicenter single-arm phase 2 study of zanubrutinib
enrolled patients with R/R non-GCB DLBCL across 11 centers in
China. They received zanubrutinib, 160 mg orally, twice a day in
repeated 28-day cycles for up to �2 years or until progressive dis-
ease (PD), unacceptable toxicity, death, withdrawal of consent, or
study termination, whichever came first. Zanubrutinib dose modifica-
tion is provided in the Data Supplement.

This study was conducted in accordance with sponsor procedures
and in compliance with the ethical principles of Good Clinical Prac-
tice, International Conference on Harmonization guidelines, the Dec-
laration of Helsinki, and applicable local regulatory requirements. All
patients provided written informed consent. The protocol, any
amendments, and informed consent forms were reviewed and
approved by the institutional review boards/independent ethics com-
mittees. This trial was registered at www.clinicaltrials.gov as
#NCT03145064 (“Study of BTK Inhibitor BGB-3111 in Subjects
with Relapsed/Refractory Non-GCB Type Diffuse Large B Cell
Lymphoma”)

Study assessments

The primary end point was ORR, defined as a partial response (PR)
or complete response (CR), according to the Revised International
Working Group Criteria for Malignant Lymphomas (Lugano classifi-
cation).15 Patients underwent positron-emission tomography and
contrast computed tomography at screening, after 12 and 24
weeks of therapy, and at suspected complete remission. Addition-
ally, contrast computed tomography was performed at weeks 36
and 48 and thereafter, once every 16 weeks. Endoscopy was man-
datory to confirm CR in any patient with a documented history of
gastrointestinal involvement at baseline. Bone marrow biopsies were
required for confirmation of CR in patients with bone marrow tumor
involvement at baseline. Confirmation of suspected disease progres-
sion (at any time) required a radiological assessment to be per-
formed as soon as possible. The investigator assessed the severity
of each adverse event (AE) reported during the study. When appli-
cable, AEs were assessed and graded based upon the National
Cancer Institute Common Terminology Criteria for Adverse Events
v4.03 guidelines.

Statistical analysis

In this 1-stage single-arm phase 2 study, the sample size to be
enrolled was calculated based on the level of precision of the esti-
mated ORR. Assuming an observed ORR of 35% in 40 patients,
the 95% exact confidence interval (CI) would be 20.6% to 51.7%.

The safety analysis set, which included all patients who received
$1 dose of study drug, was the analysis set for the efficacy and
safety analyses.

For the primary end point ORR, a 2-sided Clopper-Pearson 95% CI
was constructed to assess the precision of the rate estimate.
Response rates were also analyzed for specified subgroups: sex
(male vs female), age group (,65 vs $ 65 years), disease stage
(stage I/II vs III/IV), Eastern Cooperative Oncology Group Perfor-
mance Status (ECOG PS; 0 vs $1), number of prior lines of ther-
apy (1 vs $2), International Prognostic Index (IPI; ,3 vs $3), and
bulky disease (.7.5 vs #7.5 cm).

Duration of response (DOR), time to response, progression-free sur-
vival (PFS), and safety and tolerability profile were included as sec-
ondary end points. OS was included as the exploratory end point.

Median DOR, PFS, and OS, as well as the event-free rates at land-
mark time points, were estimated with the Kaplan-Meier method.
Censoring rule for DOR and PFS followed the FDA’s Guidance
document for industry: Clinical Trial Endpoints for the Approval of
Cancer Drugs and Biologics.16 Median follow-up times for DOR,
PFS, and OS were estimated by the reverse Kaplan-Meier method.
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Biomarkers

Cell-of-origin assay by gene-expression profiling was performed
using an HTG EdgeSeq DLBCL Cell of Origin Assay (HTG Molecu-
lar Diagnostics, Inc.)17 in formalin-fixed paraffin-embedded tumor
samples before zanubrutinib treatment. Tumors were assigned to
activated B-cell (ABC), GCB, or unclassified DLBCL using HTG
EdgeSeq host software, based on the expression of 93 lymphoma-
related genes.

CD79B and MYD88 mutations were detected by next-generation
sequencing (Illumina HiSeq 4000) using formalin-fixed paraffin-
embedded samples. Fisher’s exact test was applied to evaluate the
ORR between different molecular groups.

Results

Patient characteristics

From June of 2017 to May of 2018, 41 patients were enrolled in
the study, and all received $1 dose of the study drug. The median
follow-up at the data cutoff date (24 May 2019) was 6.8 months
(range, 0.5-20.2). The median age of patients was 62 years (range,
28-75). Most patients were male (n 5 25, 61.0%) and had a base-
line ECOG PS of 0 or 1 (n 5 10 [24.4%] and n 5 27 [65.9%],
respectively). Most (n 5 30, 73.2%) patients were relapsed from
previous treatment, and more than a quarter (n 5 11, 26.8%) had
refractory disease per the investigator’s assessment. Patients with
stage III or IV disease at study entry accounted for 24.4% (n 5 10)
and 51.2% (n 5 21) of the total enrolled patients, respectively.
A total of 48.8% of patients had high-intermediate (n 5 17, 41.5%)
or high (n 5 3, 7.3%) IPI risk at study entry. Six (14.6%) patients
had bulky disease, defined as having $1 lesion with longest diame-
ter . 7.5 cm. Twenty-three (56.1%) patients had extranodal disease
at study entry. Four (9.8%) patients had baseline bone marrow
involvement, and 1 (2.4%) patient had unknown involvement. Three
(7.3%) patients had confirmed gastrointestinal involvement. Most
(n 5 32, 78.0%) patients had elevated lactate dehydrogenase at
baseline.

All patients had received prior systemic therapy. The median number
of prior lines of anticancer therapies was 2 (range, 1-6); 31 (75.6%)
patients had received $2 lines of prior therapy. The most common
prior regimens contained rituximab; these included rituximab, cyclo-
phosphamide, doxorubicin, and prednisolone (n 5 40, 97.6%) and
rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone,
and etoposide (n 5 39, 95.1%). Eleven patients (26.8%) were
refractory to their last line of therapy. Four (9.8%) patients had
undergone prior autologous stem cell transplantation. Details of prior
therapy are summarized in Table 1.

Efficacy

The ORR was 29.3% (95% CI, 16.1-45.5), and the CR rate was
17.1% (95% CI, 7.2-32.1). A waterfall plot of maximum percentage
change from baseline in target lesion sum of perpendicular diame-
ters (SPD) by best overall response is illustrated in Figure 1. After a
median follow-up of 14.7 months (95% CI, 10.9-18.4), 33 (80.5%)
patients had progressed or died. The estimated PFS event-free
rates (progression or death) were 45.9%, 21.6%, and 10.1% at 3,
6, and 12 months, respectively. Median PFS for this study was 2.8
months (95% CI, 2.6-5.5); the PFS curve is shown in Figure 2.
There were 12 responders. The median DOR was 4.5 months

(95% CI, 2.1 months to not estimable). DOR event-free rate at 12
months was 31.3%. For the 12 responders, median time to
response was 2.8 months (range, 2.6-3.2); all of them had achieved
PR or CR at the first assessment. The median follow-up for OS was
14.7 months (95% CI, 13.9-17.9). Median OS for this study was
8.4 months (95% CI, 4.8 months to not estimable). The estimated
OS at 12 months was 35.6%.

Subgroup analyses show that treatment results, as assessed by the
primary end point of ORR, were generally consistent across sub-
groups, as expected. Response rates were lower in patients previ-
ously treated with $2 lines of anticancer therapy. No response was
observed in patients with bulky disease (longest diameter of a lesion
.7.5 cm), although this subgroup had a small sample size. The
results are displayed in supplemental Figure 1.

Treatment exposure and safety

As of 24 May 2019, 37 (90.2%) patients had discontinued treat-
ment; only 4 (9.8%) patients were continuing treatment. The primary
reason for discontinuing treatment was PD (29 patients, 70.7%);
other reasons included AEs (4, 9.8%), consent withdrawal (3, 7.3%),

Table 1. Demographics and baseline characteristics (n 5 41)

Demographic or characteristic Data

Sex

Male 25 (61.0)

Female 16 (39.0)

Age, median (range), y 62.0 (28-75)

Age $ 65 y 13 (31.7)

ECOG PS

0 10 (24.4)

1 27 (65.9)

2 4 (9.8)

Disease status at study entry

Relapsed 30 (73.2)

Refractory 11 (26.8)

Stage at study entry for non-GCB type DLBCL

I 6 (14.6)

II 4 (9.8)

III 10 (24.4)

IV 21 (51.2)

IPI at study entry

Low 5 (12.2)

Low-intermediate 16 (39.0)

High-intermediate 17 (41.5)

High 3 (7.3)

Bulky disease (any target lesion LDi . 7.5 cm) 6 (14.6)

Baseline bone marrow involvement 4 (9.8)

Extranodal disease at study entry 23 (56.1)

Elevated LDH at baseline 32 (78.0)

Prior lines of therapy, median (range) 2 (1-6)

Unless otherwise noted, data are n (%).
LDH, lactate dehydrogenase; LDi, longest diameter of a lesion.
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and death (1, 2.4%). The median duration of treatment was 2.8
months (range: 0.4-19.8). Therapy was generally well tolerated, with
few dose reductions (1 patient, 2.4%) or interruptions (6 patients,
14.6%). Treatment interruptions were mostly of short duration
(median, 8 days [range, 3-21]).

Thirty-six (87.8%) patients experienced $1 treatment-emergent AE
(TEAE); grade $ 3 and serious TEAEs were reported in 20
(48.8%) and 12 (29.3%) of patients, respectively. The most fre-
quently reported TEAEs (in $10% of patients) were decreased neu-
trophil count (n 5 9, 22.0%), hypokalemia (n 5 7, 17.1%), and

decreased platelet count (n 5 5, 12.2%). The most common grade
$3 TEAEs (in $2 patients) were decreased neutrophil count
(n 5 3, 7.3%), pneumonia (n 5 2, 4.9%), abdominal pain (n 5 2,
4.9%), and death from unknown cause (n 5 2, 4.9%). A summary
of grade $ 3 TEAEs reported in $1 patient is presented in Table 2.
Serious TEAEs were reported in 12 (29.3%) patients. Major hemor-
rhage, atrial fibrillation and/or flutter, and tumor lysis syndrome were
not observed.

Four (9.8%) patients experienced TEAEs leading to treatment dis-
continuation, including 1 patient each with urinary tract infection and
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pneumonia, increased alanine aminotransferase, synovitis, and pneu-
monia. Six (14.6%) patients experienced TEAEs leading to dose
interruption. One TEAE (pneumonia) leading to dose interruption
was reported in 2 patients (4.9%). One patient experienced TEAEs
leading to dose reduction as a result of postherpetic neuralgia.

At the time of data cutoff, 24 patients (58.5%) had died, 19 from
PD, 1 from unknown reasons (death after the safety follow-up and
AE collection term), and 4 from AEs. Six deaths occurred within 30
days from the last dose of zanubrutinib: 2 from PD and 4 from AEs
(2 from unknown cause, both occurring at home and considered
unrelated or unlikely to be related to study treatment; 1 from

pneumonia, considered possibly related to study treatment; and 1
from metabolic acidosis considered unlikely to be related to study
treatment).

Biomarkers

Of the 41 patients with non-GCB DLBCL, we were able to perform
gene-expression profiling–based cell-of-origin classification in 29
patients at baseline. In the 25 patients classified with ABC DLBCL,
the ORR was 36% (9/25), with a CR rate of 24% (6/25). Of the 4
patients with GCB or unclassified DLBCL, 1 patient had CR (Figure
3). The PFS curve is shown in supplemental Figure 2.

It was reported that patients with DLBCL with mutations in CD79B
and MYD88 respond better to BTK inhibition.16 This prompted us
to analyze the response rate in patients with CD79B ITAM or
MYD88L265P mutations. Among 34 patients with available DNA
sequencing results, 12 (35.3%) patients achieved an overall
response. The ORR to zanubrutinib treatment was 46.2% (6/13)
and 28.6% (6/21) in patients with mutant or wild-type CD79B,
respectively. ORR in patients with mutant MYD88L265P was 40%
(4/10), whereas it was 33.3% (8/24) in patients with wild-type
MYD88. ORR was 50% (3/6) in patients with the CD79BMUT/
MYD88L265P double mutation. The differences in ORR were not sig-
nificant between different molecular groups as tested by Fisher’s
exact test. The PFS curve for the different subgroups is shown in
supplemental Figure 3.

Discussion

Zanubrutinib (BGB-3111) is a next-generation small-molecule inhibi-
tor of BTK. In kinase inhibition and cell-based assays, it was more
selective than ibrutinib for inhibition of BTK, exhibiting less off-target
activity against EGFR, TEC, ITK, and other kinases.21,22 Non-GCB
DLBCL has been associated with worse outcomes than GCB
DLBCL in patients with newly diagnosed and R/R DLBCL, with
shorter PFS and OS.18-20

In the current study, baseline demographic and disease characteris-
tics were typical of patients with R/R non-GCB DLBCL and gener-
ally comparable to those reported in phase 2 studies of ibrutinib in
R/R DLBCL.23 Subgroup analysis showed that responses were
observed in almost all subgroups, but there was a trend toward
lower response rates in more heavily pretreated patients ($2 lines
of prior anticancer therapy). The median PFS for this study was 2.8
months, and median OS was 8.4 months. Although PFS and OS
were unsatisfactory for R/R DLBCL in the current study, the median
DOR was 4.5 months, and 4 of 12 (33.3%) responders remained
in remission with the median follow-up � 12 months, suggesting
that a given subtype of non-GCB R/R DLBCL may benefit more
from zanubrutinib therapy.

A retrospective biomarker study was conducted to identify subsets
of DLBCL that would potentially benefit from zanubrutinib treatment.
Gene-expression profiling can classify DLBCL into ABC, GCB, and
unclassified, according to the cell of origin. Ibrutinib showed modest
activity in ABC DLBCL (ORR, 36.8%; 14/38) relative to GCB
DLBCL (ORR, 5%; 1/20).23 Zanubrutinib resulted in a similar ORR
in ABC DLBCL (ORR, 36%; 9/25). DLBCL displays a striking
degree of genetic heterogeneity. Multiple efforts have been made to
classify DLBCL based on shared genetic abnormalities and to
explore therapeutic vulnerabilities based on tumor genetics. Two

Table 2. Grade $ 3 TEAEs

AE Zanubrutinib (n 5 41)

Patients with $1 grade $ 3 TEAE 20 (48.8)

Infections and infestations 6 (14.6)

Pneumonia 2 (4.9)

Abdominal infection 1 (2.4)

Herpes zoster 1 (2.4)

Lung infection 1 (2.4)

Otitis media chronic 1 (2.4)

Urinary tract infection 1 (2.4)

Laboratory investigations 5 (12.2)

Decreased neutrophil count 3 (7.3)

Increased alanine aminotransferase increased 1 (2.4)

Increased g-glutamyl transferase 1 (2.4)

Decreased platelet count 1 (2.4)

Decreased white blood cell count 1 (2.4)

General disorders and administration site conditions 3 (7.3)

Death 2 (4.9)

Gait inability 1 (2.4)

Musculoskeletal and connective tissue disorders 3 (7.3)

Back pain 1 (2.4)

Bone pain 1 (2.4)

Synovitis 1 (2.4)

Gastrointestinal disorders 2 (4.9)

Abdominal pain 2 (4.9)

Metabolism and nutrition disorders 2 (4.9)

Hypokalemia 1 (2.4)

Metabolic acidosis 1 (2.4)

Blood and lymphatic system disorders 1 (2.4)

Anemia 1 (2.4)

Ear and labyrinth disorders 1 (2.4)

Sudden hearing loss 1 (2.4)

Eye disorders 1 (2.4)

Cataract 1 (2.4)

Hepatobiliary disorders 1 (2.4)

Liver injury 1 (2.4)

Renal and urinary disorders 1 (2.4)

Proteinuria 1 (2.4)

All data are n (%).
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groups independently identified a genetic subtype of DLBCL with
both CD79B and MYD88L265P mutations that had inferior outcomes
in response to current standard immunochemotherapy.24,25 Interest-
ingly, this specific type of DLBCL seemed to be responsive to ibruti-
nib treatment (ORR, 80%; 4/5).23 Our genetic analysis results also
suggested the potential activity of zanubrutinib in these subsets of
DLBCL (ORR, 50%; 3/6). An improved biomarker strategy beyond
the GCB vs non-GCB classification may aid in targeting DLBCL
more precisely.

As expected for this population of patients with R/R non-GCB
DLBCL, most (n 5 36, 87.8%) experienced $1 TEAE. Grade $3
TEAEs were reported in 20 (48.8%) patients. Serious TEAEs were
reported in 12 (29.3%) patients. Four (9.8%) patients experienced
an AE leading to death, all within 30 days of receiving the last dose
of study drug. In this study, the AEs associated with BTK inhibitors
that have the highest impact on the ability of patients to maintain
their prescribed treatment are of special interest: hemorrhage, atrial
fibrillation and/or flutter, hypertension, second primary malignancies,
tumor lysis syndrome, infection, and cytopenia. These AEs are
known to be associated with inhibition of off-target tyrosine kinases,
such as EGFR, JAK3, and TEC. The AE profile in the current study
was consistent with the class of BTK inhibitors; however, the inci-
dence of select AEs of special interest seems lower with zanubruti-
nib than previously reported with ibrutinib16: grade $3 hemorrhage
(ibrutinib 3%, zanubrutinib 0%), any grade of atrial fibrillation/flutter
(ibrutinib 4%, zanubrutinib 0%) and hypertension (ibrutinib 12%,
zanubrutinib 7.3%), and grade $3 infections (ibrutinib 24%, zanu-
brutinib 14.6%). However, the comparison above is indirect based
on different studies. Although 24 deaths were reported, 19 (79%)
were due to disease progression. Among 4 patients with AEs lead-
ing to death, only pneumonia was considered possibly related to
study treatment; for the others, disease progression might have
been a contributing factor. All of the safety information showed that
zanubrutinib was generally well tolerated, and the safety profile was
favorable for the treatment duration.

The current study has several limitations that impact interpretation
and comparison against other studies. First, the sample size is small,
limiting the generalizability of the results. In addition, there are varia-
tions in standard clinical practice, particularly with regard to prior
therapies, that limit comparability; for example, only 4 patients
(9.8%) with prior autologous stem cell transplantation were enrolled
compared with the study evaluating ibrutinib, which enrolled �27%
patients with prior autologous stem cell transplantation. This may be
attributed to the differences in clinical practice in managing R/R
DLBCL in different regions. Notwithstanding these limitations, the
overall activity of zanubrutinib in R/R DLBCL appears similar to that
of the other BTK inhibitors, but with a suggestion of improved tolera-
bility compared with ibrutinib.

In conclusion, this phase 2 study in patients with R/R non-
GCB DLBCL who had received $1 prior therapy, including rit-
uximab and anthracycline-based chemotherapy, showed that
administration of zanubrutinib (160 mg) twice a day was asso-
ciated with a favorable safety and tolerability profile for the
reported treatment duration. Antitumor activity observed in this
patient population was modest and similar to the results from
other studies that also evaluated the efficacy of BTK inhibitors
as monotherapy. This pattern suggests that, in patients with R/
R non-GCB DLBCL, additional studies should focus on the
development of mechanism-based treatment combinations and
biomarker-driven patient selection.
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Figure 3. Biomarker analysis. (A) Overall response by DLBCL subtype. (B) Overall response by CD79B and MYD88 mutation status. ORR between the CD79B ITAM

mutant and nonmutant groups (P 5 .462), MYD88L265P mutant and nonmutant groups (P 5 .714), and CD79B ITAM and MYD88L265P double-mutant and others group

(P 5 .641). The P values were calculated using Fisher’s exact test.
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