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KEY PO INT S

� Zanubrutinib
demonstrated deep
and durable responses
and a favorable safety
profile in R/R MCL at
median 35.3 months
follow-up.

� Zanubrutinib provided
a high response rate
(84% [78% CR]) and
extended PFS (median
33.0 months) in
patients with R/R MCL.

Bruton tyrosine kinase (BTK) inhibitor is an established treatment for relapsed/refractory
(R/R) mantle cell lymphoma (MCL). Zanubrutinib, a highly selective BTK inhibitor, is
approved for patients with MCL who have received ‡1 prior therapy. We report the
long-term safety and efficacy results from the multicenter, open-label, phase 2 registration
trial of zanubrutinib. Patients (n 5 86) received oral zanubrutinib 160 mg twice daily. The
primary endpoint was the overall response rate (ORR), assessed per Lugano 2014. After a
median follow-up of 35.3 months, the ORR was 83.7%, with 77.9% achieving complete
response (CR); the median duration of response was not reached. Median progression-free
survival (PFS) was 33.0 months (95% confidence interval [CI], 19.4-NE). The 36-month PFS
and overall survival (OS) rates were 47.6% (95% CI, 36.2-58.1) and 74.8% (95% CI,
63.7-83.0), respectively. The safety profile was largely unchanged with extended
follow-up. Most common (‡20%) all-grade adverse events (AEs) were neutrophil count
decreased (46.5%), upper respiratory tract infection (38.4%), rash (36.0%), white blood
cell count decreased (33.7%), and platelet count decreased (32.6%); most were grade 1/2

events. Most common (‡10%) grade ‡3 AEs were neutrophil count decreased (18.6%) and pneumonia (12.8%). Rates
of infection, neutropenia, and bleeding were highest in the first 6 months of therapy and decreased thereafter. No
cases of atrial fibrillation/flutter, grade ‡3 cardiac AEs, second primary malignancies, or tumor lysis syndrome were
reported. After extended follow-up, zanubrutinib demonstrated durable responses and a favorable safety profile in
R/R MCL. The trial is registered at ClinicalTrials.gov as NCT03206970.

Introduction
Mantle cell lymphoma (MCL) is an aggressive, incurable subtype
of B-cell non-Hodgkin lymphoma; it has a relapsing and remit-
ting clinical course and poor long-term prognosis.1,2 Even with
recent advances in treatment, including the use of more inten-
sive frontline therapies in younger, fitter patients, relapses in
MCL are inevitable. Relapsed/refractory (R/R) MCL responds
poorly to chemotherapy, and the expected survival is �1 to 3
years; as such, it is a major therapeutic challenge.3,4 Outcome is

especially poor for patients with high-risk characteristics, includ-
ing blastoid histology, TP53 mutation, refractory disease, and
tumors with a high cell proliferation rate.5-8 While the optimal
treatment approach to R/R MCL remains to be defined, Bruton
tyrosine kinase (BTK) inhibitors have been validated as being
among the most effective agents in this setting.2,9

Three BTK inhibitors are currently approved by the US Food
and Drug Administration in R/R MCL: ibrutinib, acalabrutinib,
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and zanubrutinib.10-12 Ibrutinib, a first-in-class BTK inhibitor,
demonstrated high activity in R/R MCL patients and changed
the treatment paradigm for this population.13,14 Ibrutinib is asso-
ciated with notable off-target toxicities, including diarrhea, rash,
atrial fibrillation, bleeding, and arthralgias/myalgias that can limit
its continuous use.15-18 Acalabrutinib, a second-generation BTK
inhibitor, shows less off-target kinase inhibition relative to ibruti-
nib. Approval of acalabrutinib was based on a phase 2 study of
124 R/R MCL patients.19 With an extended follow-up of 38.1
months, overall response rate (ORR) was 81% (complete
response [CR], 48%) and median progression-free survival (PFS)
was 22 months. However, a high incidence of certain adverse
events (AEs) was observed: headache (39% of patients) and
grade 3/4 cardiac AEs (5% of patients).20

Zanubrutinib (BGB-3111) is a highly selective, potent, irreversible
BTK inhibitor with favorable oral bioavailability. It was designed
to achieve maximal exposure while minimizing inhibition of
off-target kinases, such as epidermal growth factor receptor,
interleukin–2-inducible kinase, and Src family kinases.21,22

Zanubrutinib demonstrated favorable safety and efficacy in
2 large-scale, phase 3, randomized studies in Waldenstr€om
macroglobulinemia (WM) (ASPEN study) and R/R chronic lym-
phocytic leukemia (CLL)/small lymphocytic lymphoma (SLL)
(ALPINE study).23,24 In November 2019, zanubrutinib received
accelerated approval in the United States as a treatment for
MCL in adults with $1 prior therapy. This was based on a
phase 2 study (BGB-3111-206) with 18.4 months follow-up.25

We report here longer-term follow-up (median, 35.3 months)
of the safety and efficacy of zanubrutinib in this phase 2 trial,
examining the durability of responses, long-term tolerability
of zanubrutinib, and the molecular profile of nonresponding
patients with R/R MCL.

Methods
Study design and patients
This single-arm, open-label, phase 2 study (ClinicalTrials.gov:
NCT03206970) enrolled patients at 13 sites in China.25 Zanubru-
tinib was administered orally at a dose of 160 mg twice daily
until progressive disease (PD), unacceptable toxicity, death, or
withdrawal of consent.

Details of patient eligibility have been described previously.25

Key eligibility criteria were central pathologically confirmed MCL
with measurable disease ($1 but ,5 prior lines of therapy),
relapse or failure to achieve at least partial response (PR) to last
regimen, age 18 to 75 years, and Eastern Cooperative Oncol-
ogy Group performance status #2.

This study was conducted in accordance with sponsor proce-
dures and in compliance with the ethical principles of the Inter-
national Conference on Harmonization Guidelines for Good
Clinical Practice and the Declaration of Helsinki and approved
by local regulatory authorities. All patients provided written
informed consent.

Efficacy and safety assessments
The primary endpoint was ORR, defined as either a PR or
CR as assessed by the independent review committee
(IRC), according to the Revised International Working

Group Criteria for Malignant Lymphomas (the Lugano classifi-
cation) and using a positron emission tomography (PET)-based
assessment.26

Response evaluations were based on imaging assessment, clini-
cal data, bone marrow (BM) biopsies, and gastrointestinal (GI)
endoscopy, as assessed by the investigator and IRC. Response
assessments, including PET scans and computed tomography
(CT) with contrast, were performed every 12 weeks for 96 weeks
and every 24 weeks thereafter until PD or withdrawal from the
study. A BM biopsy was required to confirm a CR for patients
with BM disease involvement at baseline. GI endoscopy was
required to confirm a CR for patients with a documented history
of GI involvement.

Secondary endpoints included investigator-assessed ORR, dura-
tion of response (DOR), time to response, PFS, and safety. Over-
all survival (OS) was an exploratory endpoint. AEs were coded
using the Medical Dictionary for Regulatory Activities (MedDRA),
version 23.0, and AEs of interest were categorized in accordance
with predefined MedDRA search criteria based on the known
toxicity profile of the BTK inhibitor class. Safety was assessed
based on the frequency and severity of AEs graded according
to the National Cancer Institute’s Common Toxicity Criteria for
Adverse Events (NCI-CTCAE), version 4.03.

Mutational analysis
The mutation status of 175 hematological malignancy-related
genes was assessed using a next-generation sequencing panel
as previously described.25 All exons and partial introns of 175
genes were captured by probe hybridization, which can detect
point mutation, insertion/deletion, and copy number alterations.
The clinical significance of mutations was interpreted from publi-
cations, clinical guidelines, and a cancer mutation database.
Mutations with clinical significance were used for downstream
analysis. Fifty-six patients signed informed consent forms and
provided sufficient formalin-fixed paraffin-embedded samples
before zanubrutinib treatment for mutation assessment; 54
samples passed quality control process and obtained sequenc-
ing results. The median tumor cell percentage of the 54 samples
was 95% (min, max: 40%, 98%).

Statistical analysis
Approximately 80 patients were planned for enrollment, primar-
ily based on the intended level of precision of the estimated
ORR. A sample of 80 patients provides 99% power to rule out a
response rate of 40%, which is the minimal threshold for a clini-
cally meaningful benefit if the true response rate is 70%, at a
1-sided a level of 0.025, using a binomial exact test. All results
are presented through 8 September 2020 (study end date). Effi-
cacy and safety analyses included patients who received $1
dose of zanubrutinib. An analysis of subgroups defined by base-
line demographic and disease characteristics was performed for
the proportion of patients achieving an objective response, CR,
DOR, PFS, and OS. Time-to-event endpoints, including DOR,
PFS, and OS, were analyzed using the Kaplan-Meier method
with 95% confidence intervals (CIs).27,28 Event-free rates at
selected time points (eg, 30 and 36 months) were estimated
using the Kaplan-Meier method with 95% CIs.28,29 Patients were
censored at the last adequate disease assessment (including
imaging) for PFS and DOR before the initiation of subsequent
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anticancer therapy; those lacking either a baseline or $1 postba-
seline response assessment were censored on the first day of
study treatment.

Data sharing statement
On request, and subject to certain criteria, conditions, and
exceptions, BeiGene will provide access to individual deidenti-
fied participant data from BeiGene-sponsored global interven-
tional clinical studies conducted for medicines (1) for indications
that have been approved or (2) in programs that have been ter-
minated. Data requests may be submitted to DataDisclosure@
beigene.com.

Results
Patients
Overall, 86 patients with R/R MCL were enrolled, all of whom
received $1 dose of zanubrutinib and were evaluable for safety
and efficacy. Patient baseline characteristics were published pre-
viously (supplemental Table 1). The median age was 61 years
(range, 34-75), 77.9% were male, 83.7% had intermediate-/high-
risk Combined MCL International Prognostic Index score (MIPI-
b), and 14.0% had the blastoid variant of MCL. Most patients
had advanced MCL (stage III/IV, 90.7%), 45.3% had BM involve-
ment, and 70.9% had extranodal disease. Bulky disease (longest
transverse diameter of a lesion [LDi]) .10 cm and .5 cm) was
found in 8.1% and 43.0% of patients, respectively. The median
number of prior lines of therapy was 2 (range, 1-4), and 52.3%
of patients had refractory disease.

Exposure and patient disposition
After a median follow-up of 35.3 months (range, 0.3-41.6), 39
(45.3%) patients continued on treatment. The median treatment
duration was 27.6 months (range, 0.2-41.6). For the 47 (54.7%)
patients who discontinued treatment, reasons included PD
(43%), AEs (9.3%), physician’s decision (1.2%), and withdrawal of
consent after achieving CR (1 patient; 1.2%). Thirteen new
patients who discontinued during the extended follow-up period
were all due to PD. Twenty-one (24.4%) patients had died by
data cutoff: 12 due to PD, 7 to AEs, and 2 for other reasons
(due to unknown causes after receiving subsequent lines of
therapy).

Efficacy
Response to zanubrutinib was maintained during this longer
follow-up. The investigator-assessed ORR was 83.7% (95% CI,
74.2-90.8%), with a CR of 77.9% (Table 1). All responders
achieved a response by the first efficacy assessment (12 weeks
after the first dose of zanubrutinib), with a median time to
response of 2.7 months (range, 2.5-3.0). After a median follow-
up of 30.6 months from the initial response, median DOR was
not reached (95% CI, 24.9 months-not estimable [NE]), and
57.3% (95% CI, 44.9-67.9%) of responders were estimated to
be event-free (PD/death) at 30 months. Median PFS was 33.0
months (95% CI, 19.4-NE), and median OS was not reached.
The estimated 24- and 36-month PFS event-free (PD/death)
rates were 58.3% (95% CI, 46.9-68.2%) and 47.6% (95% CI,
36.2-58.1%), respectively (Figure 1A). The estimated 24- and
36-month OS rates were 80.4% (95% CI, 69.9-87.5%) and
74.8% (95% CI, 63.7-83.0%), respectively (Figure 1B). Cate-
gorical response attainment was associated with PFS and OS

(Figure 1C-D). Median PFS was not reached in patients
achieving CR (95% CI, 27.8-NE), whereas patients achieving
PR or who were nonresponders (SD/PD) had a median PFS of
16.6 months (95% CI, 5.3-NE) and 2.6 months (95% CI, 0.8-
2.9), respectively. A similar trend was observed for OS (Figure
1D). As of the data cutoff date, 37 patients had discontinued
zanubrutinib treatment due to disease progression, 12 of
which had died. The median OS among these 37 patients was
15.7 months (95% CI, 9.6-NE) with a median follow-up time of
11.3 months (range, 0.1-26.9).

Subgroup analysis revealed that for response rates, there were
no apparent differences across the subgroups analyzed, includ-
ing poor-prognosis subgroups (supplemental Figure 1). ORR,
DOR, PFS, and OS by specific subgroups with traditionally bet-
ter or worse prognoses are summarized in Table 2 and supple-
mental Table 2. DOR and PFS were similar in patients with or
without blastoid histology, bulky disease, or refractory disease.
The median DOR and PFS were 30.2 months and 25.0 months
in patients with blastoid histology, similar to patients with classic
histology (median DOR, 30.6 months; PFS, 27.8 months) (sup-
plemental Figure 2). However, prolonged DOR and PFS were
observed in patients with low-/intermediate-risk MIPI-b, lower
Ki67 index (#30%), fewer prior lines of therapy, and TP53 wild
type (WT) (Table 2; supplemental Table 2). Of the 54 patients
with known TP53 mutation status, 15 (27.8%) had mutated
TP53. In patients with mutated and WT TP53, respectively,
median PFS was 14.7 months (95% CI, 2.9-NE) and not reached

Table 1. Summary of investigator-assessed efficacy

Efficacy variable n 5 86

ORR (CR 1 PR), % (95% CI)* 83.7 (74.2-90.8)

Best response, n (%)

CR 67 (77.9)

PR 5 (5.8)

SD 1 (1.2)

PD 8 (9.3)

Discontinued before first
assessment

5 (5.8)

Time to response (mo)

Median (range) 2.7 (2.5-3.0)

Time to CR (mo)

Median (range) 2.8 (2.5-16.7)

Response duration (mo)

Median† (range) NE (2.3-36.21)

95% CI (24.9-NE)

Event-free rates‡ at 30 mo
(%)

57.3

95% CI (44.9-67.9)

NE, not estimable; SD, stable disease.

*ORR was calculated as a point estimate with 2-sided Clopper-Pearson 95% CIs.

†Medians were estimated by Kaplan-Meier methodology with 95% CIs estimated using
the Brookmeyer and Crowley method.

‡Event-free rates were estimated by Kaplan-Meier methodology, with 95% CIs
estimated using Greenwood’s formula.
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(95% CI, 19.4-NE), median OS was 37.1 months (95% CI, 4.9-
NE) and not reached (95% CI, NE-NE) (supplemental Figure 3),
and the overall response was similar (80.0% [95% CI, 51.9-
95.7%] and 89.7% [95% CI, 75.8-97.1%]) (Table 2).

Safety
The safety profile with a median 35.3 months follow-up was
largely unchanged from that in the previously reported 18.4
months follow-up. The most common treatment-emergent AEs
(TEAEs), regardless of causality, in $20% of patients were neutro-
phil count decreased (46.5%), upper respiratory tract infection
(38.4%), rash (36.0%), white blood cell count decreased (33.7%),
and platelet count decreased (32.6%); most were grade 1/2
events. Grade $3 TEAEs were reported in 50.0% of patients and
were most commonly ($5%) neutrophil count decreased (18.6%),
pneumonia (12.8%), platelet count decreased and white blood
cell count decreased (7.0% each), and anemia (5.8%) (Figure 2).

Most AEs occurred during early-stage zanubrutinib treatment,
and no new safety signals were observed after extended
follow-up. The overall frequency of any grade or grade $3 AE

of interest decreased over time on zanubrutinib therapy
(Table 3). Most occurrences of bleeding, infection, and cytope-
nia were reported early in the treatment course, generally within
6 months of treatment (Table 3).

Infections were the most common category of AE of interest, with
65.1% of patients reporting $1 infection (supplemental Table 3).
Upper respiratory tract infectionwas themost frequent (38.4%), fol-
lowed by pneumonia (16.3%) and urinary tract infection (11.6%).
Grade$3 infections were reported in 16 (18.6%) patients. Among
the patients who reported infection, fungal pneumonia was sus-
pected in 3 patients; it did not occur within 30 days of neutropenia
in any of these patients. Bleeding events were reported in 36.0% of
patients. Most were grade 1 or 2 bleeds involving mucous mem-
branes and skin. Major hemorrhage was reported in 3 (3.5%)
patients (1with cerebral hemorrhage; 2withGI hemorrhage); these
were previously reported in detail, and no new cases occurred dur-
ing the extended follow-up. All-grade neutropenia occurred in
50% of patients, with grade $3 neutropenia reported in 19.8%.
All-grade and grade$3 neutropenia decreased over time, with no
grade $3 neutropenia occurring after 18 months of treatment
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Figure 1. Kaplan-Meier curves of survival and response analyses. (A) PFS as determined by investigator assessment. Shaded area indicates 95% CI. (B) OS. Shaded
area indicates 95% CI. (C) PFS by best overall response. (D) OS by best overall response. SD, stable disease.
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Table 2. Efficacy outcomes by subgroup

Age <65 y (n 5 64) Age ‡65 y (n 5 22)

ORR 90.6 (80.7-96.5) 63.6 (40.7-82.8)

CR 82.8 (71.3-91.1) 63.6 (40.7-82.8)

Median DOR, mo 30.6 (23.1-NE) NE (5.3-NE)

Median PFS, mo 33.0 (20.3-NE) NE (2.9-NE)

36-mo OS 73.8 (60.7-83.0) 80.0 (54.9-92.0)

Bulky tumor (LDi £5 cm) (n 5 49) Bulky tumor (LDi >5 cm) (n 5 37)

ORR 85.7 (72.8-94.1) 81.1 (64.8-92.0)

CR 77.6 (63.4-88.2) 78.4 (61.8-90.2)

Median DOR, mo NE (16.5-NE) NE (23.1-NE)

Median PFS, mo NE (16.8-NE) 27.7 (16.4-NE)

36-mo OS 75.3 (59.7-85.5) 74.1 (56.1-85.6)

Classic histology (n 5 68) Blastoid histology (n 5 12)

ORR 86.8 (76.4-93.8) 66.7 (34.9-90.1)

CR 79.4 (67.9-88.3) 66.7 (34.9-90.1)

Median DOR, mo 30.2 (19.5-NE) 30.6 (7.2-NE)

Median PFS, mo 27.8 (16.8-NE) 25.0 (2.5-NE)

36-mo OS 77.5 (64.8-86.0) 50.0 (20.8-73.6)

Ki67 £30% (n 5 50) Ki67 >30% (n 5 34)

ORR 94.0 (83.5-98.7) 70.6 (52.5-84.9)

CR 90.0 (78.2-96.7) 61.8 (43.6-77.8)

Median DOR, mo NE (NE-NE) 16.3 (13.7-30.2)

Median PFS, mo NE (NE-NE) 16.6 (5.3-19.4)

36-mo OS 87.0 (73.3-94.0) 55.6 (36.5-71.1)

Prior lines of therapy 5 1 (n 5 26) Prior lines of therapy >1 (n 5 60)

ORR 92.3 (74.9-99.1) 80.0 (67.7-89.2)

CR 92.3 (74.9-99.1) 71.7 (58.6-82.5)

Median DOR, mo NE (16.5-NE) 30.6 (19.5-NE)

Median PFS, mo NE (19.4-NE) 26.5 (16.6-NE)

36-mo OS 92.0 (71.6-97.9) 67.0 (52.7-77.8)

Nonrefractory (n 5 41) Refractory (n 5 45)

ORR 82.9 (67.9-92.8) 84.4 (70.5-93.5)

CR 73.2 (57.1-85.8) 82.2 (67.9-92.0)

Median DOR, mo 30.2 (16.2-NE) NE (24.9-NE)

Median PFS, mo 27.7 (16.6-NE) NE (16.8-NE)

36-mo OS 67.9 (50.4-80.4) 80.9 (65.3-90.0)

TP53 WT (n 5 39) TP53 mutation (n 5 15)

ORR 89.7 (75.8-97.1) 80.0 (51.9-95.7)

CR 82.1 (66.5-92.5) 66.7 (38.4-88.2)

Median DOR, mo NE (25.1-NE) 13.7 (2.7-NE)

Median PFS, mo NE (19.4-NE) 14.7 (2.9-NE)

36-mo OS 85.8 (69.1-93.9) 57.1 (27.5-78.5)

NE, not estimable.
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(Table 3). No patient required study drug discontinuation for neu-
tropenia, but 3 patients (2 with neutrophil count decreased; 1 with
febrile neutropenia) required treatment interruption. No cases of
atrial fibrillation/flutter, grade $3 cardiac AEs, second primary
malignancies, or tumor lysis syndrome were reported throughout
this study.

No new deaths due to AEs occurred during the longer follow-up
period. A total of 21 (24.4%) patients died, 8 within 30 days of
the last study treatment (6 from complications of AEs; 2 from PD).
As reported previously,25 AEs leading to death included 1 case
each of traffic accident, left occipital lobe hemorrhage, and pneu-
monia, and 3 deaths were due to unknown causes (1 of which
occurred after the patient began new anticancer therapy). Of the
13 deaths occurring .30 days after the last dose of the study
drug, 10 were due to PD, 1 was due to worsening of a TEAE of
fungal pneumonia, and 2 were for unknown causes after the
patients received subsequent lines of therapy. Detailed informa-
tion on AE-related deaths is provided in supplemental
Table 4.

Mutation biomarker analysis
To explore the association between mutations and zanubrutinib
response, the mutational status of 175 hematological
malignancy-related genes was assessed in 54 patients. Of the
54 samples, 6 (11%) samples were collected at initial diagnosis;
35 (65%) were collected just before zanubrutinib and after the
last line of treatment; and 11 (20%) were collected after initial

treatment and before the last line of treatment before zanubruti-
nib. The sample collection date for 2 samples was unavailable.

Consistent with other studies,30 most of the mutations were
found in the cell cycle (TP53, CCND1, PPM1D, CDKN2A), epi-
genetic (KMT2D, ARID1B, DNMT3A, EZH2), DNA repair
(BRCA2, BRIP1, ATM), B-cell receptor/NF-kB pathway (CD79B,
BIRC3, CARD11, BCL10), and NOTCH pathway (NOTCH1)
genes (Figure 3). Mutations in NF-kB pathway genes, including
BIRC3, CARD11, and BCL10, were exclusive, a pattern that was
also observed in ATM and TP53. Among the 54 patients, 6 had
PD as the best overall response (BOR), 47 achieved CR or PR as
BOR, and 1 discontinued zanubrutinib before the first response
assessment. PD patients had higher mutation rates vs CR or PR
patients: NOTCH1, 50.0% (3/6) vs 6.4% (3/47); BCL10/CARD11,
33.3% (2/6) vs 2.1% (1/47); and TP53, 50.0% (3/6) vs 25.5%
(12/47). NOTCH1 and BCL10/CARD11 mutations tended to be
associated with lower ORR and shorter PFS (Table 4).

Discussion
In this report of extended follow-up, we demonstrated the con-
tinued efficacy and favorable safety profile of single-agent zanu-
brutinib in patients with R/R MCL. After a median follow-up of
35.3 months, the BOR was maintained, with an ORR of 83.7%
(CR, 77.9%), as assessed by the investigator. ORR was consistent
with the previously reported IRC assessment (ORR, 83.7%).25 A
similar ORR (84.4%) and median time to response (2.7 months)
were demonstrated in a zanubrutinib first-in-human study

0% 10% 20% 30% 40% 50%

Neutrophil count decreased

Upper respiratory tract infection

Rash

White blood cell count decreased

Platelet count decreased

Alanine aminotransferase increased

Anemia

Hypokalemia

Diarrhea

Pneumonia

Hypertension

Hyperglycemia

Hyperuricemia

Blood urine present

Cough

Urinary tract infection

Aspartate aminotransferase increased

Patients 

Gr 1–2 Gr ≥3

Figure 2. Most common treatment-emergent adverse events (‡10%) regardless of causality.
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(BGB-3111-AU003) of 37 R/R MCL patients,31 thus confirming
the efficacy profile of zanubrutinib in this disease setting.

Responses in the present study were durable, as well as high
and deep. Median DOR was not reached, median PFS was 33.0
months, and the 36-month OS rate was 74.8%. Pooled data
from 3 single-agent studies of ibrutinib in R/R MCL (PCYC-1104,
RAY, and SPARK; n 5 370), with a median number of prior lines
of therapy of 2 (1-9), showed an ORR of 70% (CR, 27%) at 3.5

years follow-up. Median DOR, PFS, and OS were 21.8, 12.5,
and 26.7 months, respectively.32 In the acalabrutinib pivotal
phase 2 study (ACE-LY-004; n 5 134), with a median number of
prior lines of therapy of 2 (1-5), an ORR of 81% (CR, 48%) was
observed at 38.1 months follow-up. Median DOR and PFS were
28.6 and 22.0 months, respectively, and the estimated
36-month OS rate was 60.5%.20 It is important to highlight that,
unlike the present study and the acalabrutinib study, which were
based on regular PET assessment, the ibrutinib studies used

Table 3. Prevalence of select AEs by 6-mo intervals

AE, n (%)

0-6 mo
(n 5 86),
n (%)

>6-12 mo
(n 5 68),
n (%)

>12-18 mo
(n 5 61),
n (%)

>18-24 mo
(n 5 53),
n (%)

>24-30 mo
(n 5 47),
n (%)

>30 mo
(n 5 40),
n (%)

Any infections 45 (52.3) 22 (32.4) 14 (23.0) 10 (18.9) 7 (14.9) 5 (12.5)

Grade $3 7 (8.1) 4 (5.9) 2 (3.3) 2 (3.8) 3 (6.4) 1 (2.5)

Any neutropenia 26 (30.2) 20 (29.4) 12 (19.7) 4 (7.6) 4 (8.5) 3 (7.5)

Grade $3 7 (8.1) 9 (13.2) 2 (3.3) 0 0 0

Any thrombocytopenia 18 (20.9) 16 (23.5) 6 (9.8) 7 (13.2) 6 (12.8) 4 (10.0)

Grade $3 1 (1.2) 3 (4.4) 0 2 (3.8) 0 0

Any bleeding 16 (18.6) 8 (11.8) 7 (11.5) 6 (11.3) 6 (12.8) 4 (10.0)

Grade $3 1 (1.2) 0 0 0 0 0

Any diarrhea 9 (10.5) 4 (5.9) 3 (4.9) 1 (1.9) 1 (2.1) 0

Grade $3 0 0 0 0 0 0

Any hypertension 4 (4.7) 7 (10.3) 2 (3.3) 2 (3.8) 0 1 (2.5)

Grade $3 1 (1.2) 2 (2.9) 1 (1.6) 0 0 0

ATM

TP53
BIRC3
NOTCH1
CCND1

KMT2D

BCL10

BCOR
BRCA2
BRIP1
CARD11

ARID1B

CD79B

DNMT3A
EZH2
FAT1
IRF8
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KRAS

PAX5
PIM1
PPM1D
RHOA
STAG2

MEF2B
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Ki67+%

Mutation type
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Missense
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Splice site
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Multiple site

BOR
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Discontinue at
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Figure 3. Mutation landscape in 54 Chinese patients with R/R MCL.
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CT-based response assessment. Nevertheless, the impact of the
lack of PET is almost negligible when comparing survival
outcomes.

As discussed in the previous report,25 the differences in baseline
demographic and disease characteristics, although generally
comparable, may limit the comparability of efficacy outcomes
across studies. Most prognostic variables (eg, presence of bulky
disease, blastoid histology, refractory disease, extranodal
involvement, and proportion with MIPI scores) were similar, but
there was a notable difference in median age.19,20,32 In the pre-
sent study, the median age was 61 years, which is younger than
in the ibrutinib (67.5 years) and acalabrutinib (68 years) studies.
However, an interesting finding is that the efficacy did not differ
by age subgroup. In the present study, although inferior ORR
and CR rates were observed in older patients, numerically supe-
rior PFS and OS were demonstrated for these patients.

It is noteworthy that a consistent finding from these BTK inhibi-
tor analyses is that DOR, PFS, and OS are proportionate to the
depth of response. Patients achieving a CR showed prolonged
PFS and OS compared with those with PR or nonresponders.6,20

In the present study, of patients achieving CR, 56.5% were pro-
gression-/death-free, and 84.3% were alive at 36 months. The
high and deep responses observed in this study have been
translated into meaningful long-term survival and may be attrib-
utable to the selectivity and favorable pharmacokinetic profile of
zanubrutinib. Achieving complete and sustained BTK occupancy
in both peripheral blood mononuclear cells and lymph node

biopsy tissues is hypothesized to provide the high, deep, and
durable responses seen in patients receiving zanubrutinib. This
may be attributed to the observation of similar efficacy in
patients with or without bulky disease (LDi .10 cm or .5 cm),
as generally similar ORR, CR rate, PFS, and OS were achieved.
In contrast, CR rate, PFS, and OS were lower for patients with
bulky disease treated with ibrutinib compared with the patients
without bulky disease.7

TP53 mutation and blastoid histology subtypes are critical prog-
nostic factors in MCL. They are strongly associated with inferior
survival, and the outcome has not obviously been shown to
improve with the new agent ibrutinib.8,32,33 Although a less
favorable outcome was observed compared with TP53 WT
patients, patients with TP53 mutation in the present study who
achieved an ORR of 80.0%, median PFS of 14.7 months, and
36-month OS of 57.1% appear to be substantially better than
those reported and provide an encouraging treatment option
for patients with this particularly dismal prognosis. Recognizing
the limitation of the small sample size in this study, it is never-
theless noteworthy that the benefit seen with zanubrutinib treat-
ment was in patients with blastoid histology (who achieved
similar DOR and PFS to those with classic histology). As
expected, patients with low-/intermediate-risk MIPI-b score and
low Ki67 percentage (#30%) demonstrated a longer PFS and
OS. These data highlight the unmet need in patients with a
highly proliferative disease whose outcomes may be improved
by the addition of other active agents to a BTK inhibitor; how-
ever, further study is needed to determine effective combination

Table 4. Efficacy outcomes by gene mutations

Subgroup Patients, n ORR % (95% CI)
DOR median,
mo (95% CI)

PFS median,
mo (95% CI)

ATM

WT 36 83.3 (67.2-93.6) NE (30.6-NE) NE (14.7-NE)

Mutated 18 94.4 (72.7-99.9) 24.9 (13.8-NE) 24.8 (16.4-NE)

KMT2D

WT 38 86.8 (71.9-95.6) NE (16.5-NE) 33.1 (16.6-NE)

Mutated 16 87.5 (61.7-98.4) NE (10.2-NE) NE (5.4-NE)

BIRC3

WT 48 87.5 (74.8-95.3) NE (16.5-NE) 33.1 (16.7-NE)

Mutated 6 83.3 (35.9-99.6) NE (13.8-NE) NE (2.5-NE)

NOTCH1

WT 48 91.7 (80.0-97.7) NE (19.5-NE) NE (16.8-NE)

Mutated 6 50.0 (11.8-88.2) 14.0 (2.8-NE) 4.1 (0.8-NE)

CCDN1

WT 51 86.3 (73.7-94.3) NE (16.5-NE) NE (16.7-NE)

Mutated 3 100.0 (29.2-100.0) 30.6 (5.8-NE) 33.1 (8.4-NE)

BCL10/CARD11

WT 51 90.2 (78.6-96.7) NE (16.5-NE) NE (16.8-NE)

Mutated 3 33.3 (0.8-90.6) NE (NE-NE) 2.9 (0.8-NE)

NE, not estimable; WT, wild-type.
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therapy approaches.2,34,35 In preclinical studies, zanubrutinib
was at least 10-fold weaker than ibrutinib in inhibiting rituximab-
induced antibody-dependent cell-mediated cytotoxicity, and it
demonstrated good combination activity with rituximab in pre-
clinical xenograft models.21,36,37 Because of these encouraging
results, we initiated a frontline phase 3 trial (NCT04002297) in
MCL comparing zanubrutinib plus rituximab, followed by zanu-
brutinib monotherapy, vs bendamustine plus rituximab, followed
by observation, in �500 adult patients.38

Truncating or frameshift mutations on the NOTCH1 PEST
domain were found in 12% of MCL patients, a pattern and fre-
quency that have similarly been found in CLL patients.39 Muta-
tions on the NOTCH1 PEST domain can inhibit its proteasome
degradation and constitutively activate the NOTCH pathway,40

thereby contributing to B-CLL cell survival and resistance to apo-
ptosis.41 NOTCH1 mutations are not only associated with worse
PFS in CLL patients receiving ibrutinib therapy,42 they are also
linked to worse prognosis outcomes in MCL patients on chemo-
immunotherapy.39 In the current study, NOTCH1 mutations
were discovered in 11.1% (6/54) of patients with R/R MCL; all
were frameshift mutations and localized on the PEST domain. In
50% (3/6) of NOTCH1-mutant patients, there was no response
to zanubrutinib, and the BOR was PD. The MCL3001 (RAY)
study, comparing ibrutinib and temsirolimus in R/R MCL,
showed that 50% (1/2) and 0% (0/3) of NOTCH1-mutant MCL
patients had durable responses to ibrutinib and temsirolimus,
respectively.43 Ibrutinib and venetoclax combination therapy is
recommended by the National Comprehensive Cancer Network
for R/R MCL patients, but NOTCH1-mutant R/R MCL patients
still do not appear to receive additional benefit from this combi-
nation regimen. Among 24 enrolled MCL patients receiving
ibrutinib and venetoclax combination, NOTCH1 PEST domain
mutations were detected in 12.5% (3/24) of patients, all of
whom had PD and did not respond to therapy.33 These data
indicate that NOTCH1 mutation is a risk factor in MCL patients,
and the clinical benefit of new treatment regimens for this popu-
lation should be further assessed. Constitutive activation of the
NF-kB pathway occurred in different B-cell lymphoid malignan-
cies and regulated antiapoptotic and proproliferative gene
expression. Aberrant NF-kB activation was associated with poor
clinical outcome.44 In the B-cell receptor signaling pathway,
BTK-dependent NF-kB activation is regulated by the
CARD11–BCL10–MALT1 (CBM) complex, including CARD11,
BCL10, and MALT1 proteins, and active mutations in the CBM
complex have been reported in WM, follicular lymphoma, pri-
mary central nervous system lymphoma, and MCL, and are asso-
ciated with poor response to ibrutinib.43,45-47 In the present
study, 3 patients had CARD11 or BCL10 active mutations, 2 of
whom failed to respond to zanubrutinib (BOR of PD). This indi-
cates that, as a downstream effector of the BTK signal, NF-kB
activation contributes to the poor response to BTK inhibitors.

Two recent phase 3, randomized, head-to-head studies in
patients with WM and R/R CLL/SLL demonstrated advantages of
zanubrutinib vs ibrutinib in safety and tolerability.23,24 A consis-
tent safety profile of zanubrutinib was observed in the present
study; the long-term favorable tolerability of zanubrutinib was
further established in this study with extended follow-up. The

incidence of AEs decreased over time, and no new safety signals
were observed. The most common AE and grade $3 AE
observed in the present study were both neutrophil count
decreased (46.5% and 18.6%, respectively), which is believed to
be related to the on-target inhibition of BTK in neutrophil pre-
cursors. The incidence of neutropenia decreased after the first
year, and no grade $3 neutropenia occurred after 18 months.
In the extended follow-up period, no new patient had grade $3
AEs of hypertension ormajor hemorrhage. Importantly, no cases of
atrial fibrillation/flutter, grade $3 cardiac AEs, grade $3 diarrhea,
second primary malignancies, or tumor lysis syndrome were
reported throughout this study. AEs leading to treatment modifi-
cation were infrequent in the current study, and no treatment
discontinuations or dose reductions occurred due to AEs in the
extended long-term follow-up. As demonstrated in the retro-
spective analyses of ibrutinib treatment intensities in both CLL/
SLL48,49 and WM,50 the ability to maintain sustained BTK inhibi-
tion through adherence to the prescribed treatment regimen
appears to be critical for optimal disease control in patients with
B-cell neoplasms. Adherence to the prescribed treatment regi-
men can be further impacted by lower acuity AEs that neverthe-
less impact patient quality of life. Ibrutinib and acalabrutinib are
associated with arthralgias and myalgias in 15% to 20% of
patients, and diarrhea in 30% to 50% (grade $3, 3-5%); head-
ache is seen in up to 40% of patients receiving acalabruti-
nib.10,11,51 These toxicities were rarely observed in the current
study of zanubrutinib, which potentially contributed to the over-
all high level of adherence to treatment and possibly translated
into a favorable efficacy profile.

In conclusion, this phase 2 study in patients with R/R MCL with
extended 35.3-month follow-up data continued to demonstrate
a favorable benefit–risk profile of zanubrutinib monotherapy in
R/R MCL patients. Approximately 50% of patients remain
progression-free at 36 months.

Acknowledgments
The authors thank the patients who participated in the study, their
supporters, and the investigators and clinical research staff from the
study centers.

Medical writing and editorial assistance were funded by BeiGene and
were provided, under the direction of the authors, by Richard Delarue
of BeiGene, and by Ify Sargeant of Twist Medical. This work was sup-
ported by research funding from BeiGene Ltd., Beijing, China, and
BeiGene USA, Inc., San Mateo, CA.

Authorship
Contribution: Y.S., K.Z., D.Z., H.G., L.Z., J.H., W.N., Y.Y., B.W., and
J. Zhu contributed to the conception and design of the study; K.Z., D.Z.,
H.G., L.Z., J.H., Y.Y., B.W., and J. Zhu provided methodology develop-
ment; Y.S., K.Z., D.Z., J. Zhou, J.H., H.Y., H.Z., J. Ji, W.X., J. Jin, F.L.,
R.F., S.G., H.G., L.Z., Y.Y., B.W., and J. Zhu acquired data (provided ani-
mals, acquired and managed patients, provided facilities, etc); Y.S., K.Z.,
D.Z., F.L., H.G., L.Z., R.F., J.H., W.N., P.K., Y.Y., B.W., and J. Zhu pro-
vided analysis and interpretation of data (eg, statistical analysis, biostatis-
tics, computational analysis); Y.S., K.Z., D.Z., J.H., H.Y., H.Z., J. Ji, J. Jin,
F.L., S.G., H.G., L.Z., R.F., J.H., W.N., P.K., Y.Y., B.W., and J. Zhu wrote,
reviewed, and/or revised the manuscript; Y.S., K.Z., D.Z., J. Jin, H.G.,
L.Z., J.H., Y.Y., B.W., and J. Zhu provided administrative, technical, or
material support (ie, reporting or organizing data, constructing

3156 blood® 26 MAY 2022 | VOLUME 139, NUMBER 21 SONG ET AL

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/139/21/3148/1898575/bloodbld2021014162.pdf by guest on 21 Septem

ber 2023



databases); and Y.S., K.Z., D.Z., H.Y., S.G., H.G., L. Zhou, J.H., W.N., and
J. Zhu supervised the study.

Conflict-of-interest disclosure: J.H., W.N., H.G., L.Z., P.K., Y.Y., and B.W.
are employees/paid consultants for BeiGene. All other authors declare
no competing financial interests.

ORCID profiles: K.Z., 0000-0001-5467-1377; J.Z., 0000-0003-3479-2547.

Correspondence: Jun Zhu, Peking University Cancer Hospital & Insti-
tute, No. 52, Fucheng Rd, Haidian District, Beijing 100142, China;
e-mail: zhu-jun2017@outlook.com.

Footnotes
Submitted 10 November 2021; accepted 14 February 2022; prepub-
lished online on Blood First Edition 18 March 2022. DOI 10.1182/
blood.2021014162.

There is a Blood Commentary on this article in this issue.

The publication costs of this article were defrayed in part by page
charge payment. Therefore, and solely to indicate this fact, this article
is hereby marked “advertisement” in accordance with 18 USC section
1734.

REFERENCES
1. Kumar A, Sha F, Toure A, et al. Patterns of

survival in patients with recurrent mantle cell
lymphoma in the modern era: progressive
shortening in response duration and survival
after each relapse. Blood Cancer J. 2019;
9(6):50.

2. Bond DA, Martin P, Maddocks KJ. Relapsed
mantle cell lymphoma: current management,
recent progress, and future directions.
J Clin Med. 2021;10(6):1207.

3. Goy A. Mantle cell lymphoma: the changing
landscape. Clin Adv Hematol Oncol. 2013;
11(suppl 14, pt 9):11-15.

4. Furtado M, Johnson R, Kruger A, Turner D,
Rule S. Addition of bortezomib to standard
dose chop chemotherapy improves
response and survival in relapsed mantle
cell lymphoma. Br J Haematol. 2015;168(1):
55-62.

5. Hoster E, Rosenwald A, Berger F, et al.
Prognostic value of Ki-67 index, cytology,
and growth pattern in mantle-cell lym-
phoma: results from randomized trials of
the European Mantle Cell Lymphoma Net-
work. J Clin Oncol. 2016;34(12):1386-1394.

6. Rule S, Dreyling M, Goy A, et al. Outcomes
in 370 patients with mantle cell lymphoma
treated with ibrutinib: a pooled analysis from
three open-label studies. Br J Haematol.
2017;179(3):430-438.

7. Wang ML, Blum KA, Martin P, et al. Long-
term follow-up of MCL patients treated with
single-agent ibrutinib: updated safety and
efficacy results. Blood. 2015;126(6):739-745.

8. Nadeu F, Martin-Garcia D, Clot G, et al.
Genomic and epigenomic insights into the
origin, pathogenesis, and clinical behavior
of mantle cell lymphoma subtypes. Blood.
2020;136(12):1419-1432.

9. Owen C, Berinstein NL, Christofides A,
Sehn LH. Review of Bruton tyrosine kinase
inhibitors for the treatment of relapsed
or refractory mantle cell lymphoma. Curr
Oncol. 2019;26(2):e233-e240.

10. Imbruvica (ibrutinib), package insert. CA,
USA: Pharmacyclics, LLC; 2020.

11. Calquence (acalabrutinib), package insert.
DE, USA: AstraZeneca Pharmaceuticals, LP;
2019.

12. Brukinsa (zanubrutinib), package insert. CA,
USA: BeiGene USA, Inc; 2021.

13. Wang ML, Rule S, Martin P, et al. Targeting
BTK with ibrutinib in relapsed or refractory

mantle-cell lymphoma. N Engl J Med. 2013;
369(6):507-516.

14. Dreyling M, Jurczak W, Jerkeman M, et al.
Ibrutinib versus temsirolimus in patients with
relapsed or refractory mantle-cell lymphoma:
an international, randomised, open-label,
phase 3 study. Lancet. 2016;387(10020):
770-778.

15. Brown JR, Moslehi J, O’Brien S, et al.
Characterization of atrial fibrillation adverse
events reported in ibrutinib randomized
controlled registration trials. Haematologica.
2017;102(10):1796-1805.

16. Mato AR, Nabhan C, Thompson MC, et al.
Toxicities and outcomes of 616 ibrutinib-
treated patients in the United States: a real-
world analysis. Haematologica. 2018;103(5):
874-879.

17. Maddocks KJ, Ruppert AS, Lozanski G, et al.
Etiology of ibrutinib therapy discontinuation
and outcomes in patients with chronic
lymphocytic leukemia. JAMA Oncol. 2015;
1(1):80-87.

18. Wiczer TE, Levine LB, Brumbaugh J, et al.
Cumulative incidence, risk factors, and
management of atrial fibrillation in patients
receiving ibrutinib. Blood Adv. 2017;1(20):
1739-1748.

19. Wang M, Rule S, Zinzani PL, et al.
Acalabrutinib in relapsed or refractory
mantle cell lymphoma (ACE-LY-004): a
single-arm, multicentre, phase 2 trial. Lancet.
2018;391(10121):659-667.

20. Wang M, Rule S, Zinzani PL, et al.
Acalabrutinib monotherapy in patients with
relapsed/refractory mantle cell lymphoma:
long-term efficacy and safety results from a
phase 2 study. Blood 2020;136(suppl 1):
13-14.

21. Guo Y, Liu Y, Hu N, et al. Discovery of
zanubrutinib (BGB-3111), a novel, potent,
and selective covalent inhibitor of Bruton’s
tyrosine kinase. J Med Chem. 2019;62(17):
7923-7940.

22. Tam CS, Trotman J, Opat S, et al. Phase 1
study of the selective BTK inhibitor
zanubrutinib in B-cell malignancies and
safety and efficacy evaluation in CLL. Blood.
2019;134(11):851-859.

23. Tam CS, Opat S, D’Sa S, et al. A randomized
phase 3 trial of zanubrutinib vs ibrutinib in
symptomatic Waldenstr€om
macroglobulinemia: the ASPEN study.
Blood. 2020;136(18):2038-2050.

24. Hillmen P, Eichhorst B, Brown JR, et al. First
interim analysis of ALPINE study: results of a
phase 3 randomized study of zanubrutinib vs
ibrutinib in patients with relapsed/refractory
chronic lymphocytic leukemia/small
lymphocytic lymphoma. European
Hematology Association Virtual Congress.
11/06/2021; 330170; LB1900.

25. Song Y, Zhou K, Zou D, et al. Treatment of
patients with relapsed or refractory mantle-
cell lymphoma with zanubrutinib, a selective
inhibitor of Bruton’s tyrosine kinase. Clin
Cancer Res. 2020;26(16):4216-4224.

26. Cheson BD, Fisher RI, Barrington SF, et al;
United Kingdom National Cancer Research
Institute. Recommendations for initial
evaluation, staging, and response
assessment of Hodgkin and non-Hodgkin
lymphoma: the Lugano classification. J Clin
Oncol. 2014;32(27):3059-3068.

27. Brookmeyer R, Crowley J. A confidence
interval for the median survival time.
Biometrics. 1982;38(1):29-41.

28. Kaplan EL, Meier P. Nonparametric
estimation from incomplete observations.
J Am Stat Assoc. 1958;53(282):457-481.

29. Greenwood M. The natural duration of
cancer. Rep Public Health Med Sub. 1926;
33:1-26.

30. Rosenquist R, Be�a S, Du MQ, Nadel B,
Pan-Hammarstr€om Q. Genetic landscape
and deregulated pathways in B-cell lym-
phoid malignancies. J Intern Med. 2017;
282(5):371-394.

31. Tam CS, Opat S, Simpson D, et al.
Zanubrutinib for the treatment of relapsed
or refractory mantle cell lymphoma. Blood
Adv. 2021;5(12):2577-2585.

32. Rule S, Dreyling M, Goy A, et al. Ibrutinib for
the treatment of relapsed/refractory mantle
cell lymphoma: extended 3.5-year follow up
from a pooled analysis. Haematologica.
2019;104(5):e211-e214.

33. Tam CS, Anderson MA, Pott C, et al.
Ibrutinib plus venetoclax for the treatment of
mantle-cell lymphoma. N Engl J Med. 2018;
378(13):1211-1223.

34. Wang ML, Lee H, Chuang H, et al. Ibrutinib
in combination with rituximab in relapsed or
refractory mantle cell lymphoma: a single-
centre, open-label, phase 2 trial. Lancet
Oncol. 2016;17(1):48-56.

35. Jerkeman M, Eskelund CW, Hutchings M,
et al. Ibrutinib, lenalidomide, and rituximab
in relapsed or refractory mantle cell

ZANUBRUTINIB IN MANTLE CELL LYMPHOMA blood® 26 MAY 2022 | VOLUME 139, NUMBER 21 3157

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/139/21/3148/1898575/bloodbld2021014162.pdf by guest on 21 Septem

ber 2023

http://orcid.org/0000-0001-5467-1377
http://orcid.org/0000-0003-3479-2547
mailto:zhu-jun2017@outlook.com
http://www.bloodjournal.org/content/139/21/3103


lymphoma (PHILEMON): a multicentre,
open-label, single-arm, phase 2 trial. Lancet
Haematol. 2018;5(3):e109-e116.

36. Rajasekaran N, Sadaram M, Hebb J, et al.
Three BTK-specific inhibitors, in contrast to
ibrutinib, do not antagonize rituximab-
dependent NK-cell mediated cytotoxicity.
Blood. 2014;124(21):3118.

37. Flinsenberg TWH, Tromedjo CC, Hu N, et al.
Differential effects of BTK inhibitors ibrutinib
and zanubrutinib on NK-cell effector function
in patients with mantle cell lymphoma. Hae-
matologica. 2020;105(2):
e76-e79.

38. Dreyling M, Tam CS, Wang M, et al. A Phase
III study of zanubrutinib plus rituximab
versus bendamustine plus rituximab in
transplant-ineligible, untreated mantle cell
lymphoma. Future Oncol. 2021;17(3):
255-262.

39. Kridel R, Meissner B, Rogic S, et al. Whole
transcriptome sequencing reveals recurrent
NOTCH1 mutations in mantle cell
lymphoma. Blood. 2012;119(9):1963-1971.

40. Moia R, Patriarca A, Schipani M, et al.
Precision medicine management of chronic
lymphocytic leukemia. Cancers (Basel). 2020;
12(3):642.

41. Rosati E, Sabatini R, Rampino G, et al.
Constitutively activated notch signaling is
involved in survival and apoptosis resistance
of B-CLL cells. Blood. 2009;113(4):856-865.

42. Del Poeta G, Del Principe MI, Postorino M,
et al. Apoptosis resistance and NOTCH1
mutations impair clinical outcome in chronic
lymphocytic leukemia (CLL) patients
treated with ibrutinib. Blood. 2017;
130(suppl 1):261.

43. Lenz G, Balasubramanian S, Goldberg J,
et al. Sequence variants in patients with
primary and acquired resistance to ibrutinib
in the phase 3 MCL3001 (RAY) trial. J Clin
Oncol. 2016;34(suppl 15):7570.

44. Jost PJ, Ruland J. Aberrant NF-kappaB
signaling in lymphoma: mechanisms,
consequences, and therapeutic implications.
Blood. 2007;109(7):2700-2707.

45. Xu L, Tsakmaklis N, Yang G, et al. Acquired
mutations associated with ibrutinib
resistance in Waldenstr€om
macroglobulinemia. Blood. 2017;129(18):
2519-2525.

46. Bartlett NL, Costello BA, LaPlant BR, et al.
Single-agent ibrutinib in relapsed or
refractory follicular lymphoma: a phase
2 consortium trial. Blood. 2018;131(2):
182-190.

47. Grommes C, Pastore A, Palaskas N, et al.
Ibrutinib unmasks critical role of Bruton
tyrosine kinase in primary CNS lymphoma.
Cancer Discov. 2017;7(9):1018-1029.

48. Barr PM, Brown JR, Hillmen P, et al. Impact
of ibrutinib dose adherence on therapeutic
efficacy in patients with previously treated
CLL/SLL. Blood. 2017;129(19):2612-2615.

49. UK CLL Forum. Ibrutinib for relapsed/
refractory chronic lymphocytic leukemia: a
UK and Ireland analysis of outcomes in
315 patients. Haematologica. 2016;101(12):
1563-1572.

50. Gustine JN, Meid K, Dubeau T, et al.
Ibrutinib discontinuation in Waldenstr€om
macroglobulinemia: etiologies, outcomes,
and IgM rebound. Am J Hematol. 2018;
93(4):511-517.

51. Byrd JC, Owen R, O’Brien SM, et al. Pooled
analysis of safety data from clinical trials
evaluating acalabrutinib monotherapy in
hematologic malignancies. Blood. 2017;
130(suppl 1):4326.

© 2022 by The American Society of Hematology. Licensed

under Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International (CC BY-NC-ND 4.0),

permitting only noncommercial, nonderivative use with
attribution. All other rights reserved.

3158 blood® 26 MAY 2022 | VOLUME 139, NUMBER 21 SONG ET AL

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/139/21/3148/1898575/bloodbld2021014162.pdf by guest on 21 Septem

ber 2023

https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode

	TF1
	TF2
	TF3
	TF4
	TF5
	TF6

