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Key Points

• Orelabrutinib exhibited
a favorable efficacy
and safety profile in
patients with r/r MCL.

• Overall response rate
was 81.1%, with
27.4% achieving
complete response
and 53.8% achieving
partial response.
t on 08 June 2024
Relapsed or refractory (r/r) mantle cell lymphoma (MCL) is an aggressive B-cell malignancy

with a poor prognosis. Bruton tyrosine kinase (BTK) is a mediator of B-cell receptor

signaling and is associated with the development of B-cell lymphomas. Patients with r/r

MCL were enrolled in this phase 1/2 study and treated with orelabrutinib, a novel, highly

selective BTK inhibitor. The median number of prior regimens was 2 (range, 1-4). The

median age was 62 years (range, 37-73 years). Eligible patients received oral orelabrutinib

150 mg once daily (n = 86) or 100 mg twice daily (n = 20) until disease progression or

unacceptable toxicity. A dose of 150 mg once daily was chosen as the preferred

recommended phase 2 dose. After a median follow-up duration of 23.8 months, the overall

response rate was 81.1%, with 27.4% achieving a complete response and 53.8% achieving a

partial response. The median duration of response and progression-free survival were 22.9

and 22.0 months, respectively. The median overall survival (OS) was not reached, and the

rate of OS at 24 months was 74.3%. Adverse events (AEs) occurring in >20% of patients were

thrombocytopenia (34.0%), upper respiratory tract infection (27.4%), and neutropenia

(24.5%). Grade ≥3 AEs were infrequent and most commonly included thrombocytopenia

(13.2%), neutropenia (8.5%), and anemia (7.5%). Three patients discontinued treatment

because of treatment-related adverse events (TRAEs), but no fatal TRAEs were reported.

Orelabrutinib showed substantial efficacy and was well tolerated in patients with r/r MCL.

This trial was registered at www.clinicaltrials.gov as #NCT03494179.
January 2023; prepublished online on
final version published online 10 August
s.2022009168.
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Introduction

Mantle cell lymphoma (MCL) is a subtype of B-cell non-Hodgkin
lymphoma that results from the malignant transformation of B
lymphocytes in the mantle zone of lymph node follicles. MCL is a
rare hematologic malignancy with an incidence rate of ~0.8 per
100 000 people in the United States.1 MCL occurs most
frequently in men at a median age of 60 years, and most patients
are in an advanced stage of disease when diagnosed.2,3 Despite
high response rates after first-line chemoimmunotherapy, most
patients relapse and require subsequent treatment.4 There is no
standard therapy for relapsed/refractory (r/r) MCL, and the thera-
pies approved by the US Food and Drug Administration for this
patient population, such as bortezomib or lenalidomide mono-
therapy, are still limited, with low rates of complete response (CR),
short durations of remission, and unfavorable safety and tolerability
for older patients.

Bruton tyrosine kinase (BTK) inhibitors represent a new class of
disease-targeting agents shown to promote apoptosis of malignant
B cells and reduce their proliferation and maturation, resulting in
high antitumor activity.5-9 Ibrutinib is the first-in-class BTK inhibitor
and has shown significant activity in a pivotal phase 2 study in
patients with r/r MCL, in which a response rate of 65.8% was
observed.10 Ibrutinib is associated with notable side effects,
including diarrhea, infection, atrial fibrillation, and bleeding
events.10,11 Although efficacious, clinical use of ibrutinib in patients
with r/r MCL is compromised because of high rates of discontin-
uation (9%) and dose reductions (14%) due to these adverse
events (AEs).10 Acalabrutinib and zanubrutinib are second-
generation BTK inhibitors approved under accelerated approval
for the treatment of r/r MCL. These agents have improved safety
towing to less off-target toxicity relative to ibrutinib.12,13 However,
high incidences of AEs such as diarrhea, atrial fibrillation, and
hemorrhage are still concerns for these drugs associated with off-
target activities.14,15

Orelabrutinib is a novel, highly selective, irreversible BTK inhibitor
with high target selectivity and safety. Orelabrutinib was approved in
China in December 2020 for the treatment of adult patients with r/r
MCL who have received at least 1 prior therapy. Findings from
in vitro studies showed that orelabrutinib has high potency and
exceptional kinase selectivity for BTK (half-maximal 50% inhibitory
concentration: 1.6 nM), with notable less off-target inhibition of other
tyrosine kinases.16,17 In a kinase screening assay against a panel of
456 kinases, orelabrutinib at a concentration of 1 μM inhibited BTK
to a significant level (>90%) and had minimal off-target binding.16,17

Compared with other BTK inhibitors, orelabrutinib exhibited a high
selectivity profile.18 Orelabrutinib exhibited linear pharmacokinetic
characteristics with dose-proportional increases in plasma expo-
sure.16,17 Orelabrutinib also demonstrated high BTK target occu-
pancy in peripheral blood of healthy subjects, which was maintained
at close to 100% over a 24-hour interval at doses of ≥50 mg/d.16,17

The high selectivity and persistent occupancy of the BTK target are
expected to lead to substantial improvements in safety and efficacy.
Based on these results, we conducted a phase 1/2 multicenter,
open-label clinical trial investigating the safety and efficacy of ore-
labrutinib in patients with r/r MCL.
4350 DENG et al
Methods

Patients

Male and female patients were ≥18 and ≤75 years old with his-
topathological confirmed MCL (documented as t [11;14]-positive
and/or with high expression of cyclin D1) and had ≥1 and ≤4
prior therapies and relapsed or failed to achieve response. Other
eligibility criteria included Eastern Cooperative Oncology Group
performance status score ranging from 0 to 2 and adequate
hematologic status (neutrophil count ≥1.5 × 109/L and platelet
count ≥75 × 109/L), renal function (serum creatinine ≤1.5 × upper
limit of normal), and hepatic function (total bilirubin ≤2 × upper limit
of normal and transaminases ≤2.5 × upper limit of normal).

Study design and treatment

This multicenter, open-label phase 1/2 study was divided into 2
stages. In the first stage, patients with r/r MCL were randomly
assigned to receive orelabrutinib at 100 mg twice daily (n = 20) or
150 mg once daily (n = 20). Based on the pharmacokinetics results,
BTK occupancy in peripheral blood mononuclear cells (PBMCs),
safety, tolerability, and preliminary efficacy, the recommended phase
2 dose (RP2D) was determined to be 150 mg once daily. In the
second stage, additional patients with r/r MCL (n = 66) were
enrolled at the 150 mg once daily dose level. Orelabrutinib was
administered orally in 28-day cycles until progression of disease or
intolerable toxicity. Blood samples were collected from 17 patients in
cycle 1 on day 1 and day 15 (predose and up to 12 hours post-
dose), day 2 and day 16 (predose, 150 mg once daily cohort
only), and day 28 (predose) to evaluate the pharmacokinetic of
orelabrutinib. Blood samples were also collected for evaluation of
BTK receptor occupancy (pharmacodynamic marker). Orelabrutinib
plasma concentrations were analyzed via high-performance liquid
chromatography with tandem mass spectrometry, and pharmacoki-
netic parameters were estimated via noncompartmental analysis
using Phoenix WinNonlin (version 7.0). A systematically validated
enzyme-linked immunosorbent assay was used to determine BTK
occupancy in PBMC lysate for pharmacodynamic data analysis.

All patients provided written informed consent. Full details of the
study methodology can be found from the attached protocol.

Patient evaluation

Initial assessment included a physical examination, standard labo-
ratory assessments, computed tomography (CT)/magnetic reso-
nance imaging (MRI) of the neck, chest, abdomen, and pelvis, and
a bone marrow biopsy. Tumor evaluation will be performed during
the screening period, every 8 weeks in cycles from 1 to 12, and
every 12 weeks in cycle 13 and afterwards. Imaging results
(enhanced CT, MRI, plain CT, etc) within 28 days before enrollment
were acceptable. If bone marrow was involved at baseline, clinical
suspicion of CR through a physical examination or CT required
confirmation via a bone marrow examination, including immuno-
histochemistry examination, within 4 weeks. Follow-up assess-
ments included routine blood counts, serum immunoglobulin and
β2 microglobulin level estimation, a physical examination, and a 12-
lead electrocardiogram and echocardiogram. Response was eval-
uated per the 2014 Lugano Classification.19
22 AUGUST 2023 • VOLUME 7, NUMBER 16



Table 1. Demographic and baseline characteristics of patients

Characteristic

Proportion of patients

(n = 106)

Sex (male %/female %) 79.2/20.8

Median age (y) (minimum, maximum) 62 (37, 73)

≥65 30 (28.3)

Stage of lymphoma

Stage III 22 (20.8)

Stage IV 78 (73.6)

Total stages III and IV 100 (94.3)

Ki-67-positive cell percentage

<30% 39 (36.8)

≥30% 63 (59.4)

Missing 4 (3.8)

Blastoid morphology of MCLs 8 (7.5)

Bone marrow exam–positive 43 (40.6)

HBcAb-positive 55 (52.4)

ECOG score

0 49 (46.2)

1 53 (50.0)

2 4 (3.8)

Longest target lesion diameter

≥5 and <10 cm 30 (28.3)

≥10 cm 11 (10.4)

MIPI-b

Low risk (0-3) 54 (50.9)

Intermediate risk (4-5) 31 (29.2)

High risk (6-11) 11 (10.4)

Missing 10 (9.4)

With relapsed disease 30 (28.3)

With refractory disease 32 (30.2)

Splenomegaly 24 (22.6)

Hepatomegaly 12 (11.3)

Median prior lines of therapy 2 (1.4)

Received anti-CD20–based therapy 94 (88.7)

Received CHOP 74 (69.8)

Received CVAD or hyper-CVAD 13 (12.3)

Received DHAP 24 (22.6)

Received bortezomib 13 (12.3)

Received lenalidomide 8 (7.6)

Received thalidomide (not lenalidomide) 16 (15.1)

Autologous stem cell transplantation 8 (7.5)

Data presented as n (%), except as noted.
CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone; CVAD,

cyclophosphamide, vincristine, doxorubicin, and dexamethasone; DHAP, dexamethasone,
high-dose cytarabine, and cisplatin; ECOG, Eastern Cooperative Oncology Group; HBcAb,
hepatitis B core antibody; MIPI-b, MCL international prognostic index combined biologic
index.
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Outcomes

The primary end point was the overall response rate (ORR),
defined as the proportion of CR and partial response (PR),
assessed by an independent review committee (IRC) in accor-
dance with the 2014 Lugano Classification.19 Secondary end
points included ORR assessed by investigators, duration of
response (DOR), disease control rate, time to response (TTR),
progression-free survival (PFS), overall survival (OS), and safety.
The severity of AEs was graded in accordance with the National
Cancer Institute Common Terminology Criteria for Adverse Events
(version 4.03).20

Assessments of the pharmacokinetics and pharmacodynamics of
orelabrutinib were secondary end points. Pharmacokinetic param-
eters to be evaluated included area under the curve from zero to
the last time point (AUC0-t), area under the curve from zero to
infinity (AUC0-∞), maximum concentration (Cmax), time to maximum
concentration, elimination half-life (t1/2), clearance, volume of dis-
tribution, and accumulation factor. Samples for pharmacodynamic
analysis were sent to a central laboratory for isolation of PBMCs to
measure the BTK target occupancy of orelabrutinib.

Results

Patients and treatment

A total of 106 patients with r/r MCL were enrolled and received
orelabrutinib, with 40 in the first stage and 66 in the second stage.
Of the 106 enrolled patients in the full analysis set, 79.2% were
male, with a median age of 62 years (range, 37-73 years), and 30
patients (28.3%) were ≥65 years. One hundred patients (94.3%)
were in an advanced stage III or IV disease, and 43 patients
(40.6%) had bone marrow infiltration. Forty-two patients (39.6%)
had intermediate- or high-risk MCL international prognostic index
scores. Bulky disease (longest transverse diameter of a lesion)
>10 cm and >5 cm was found in 10.4% and 28.3% of patients,
respectively. The median sum of the products of diameters (SPD)
of lymphoma lesions was 2514.4 mm2. The median number of prior
lines of therapy was 2 (range, 1-4). Thirty-two (30.2%) patients had
refractory disease. Detailed demographic and baseline character-
istics of the enrolled patients are presented in Table 1. The median
time on study was 23.8 months, and patients received treatment for
a median of 21.1 months (range, 7.4-27.4 months). By the cut-off
date of 31 December 2020, 54 patients had discontinued study
treatment. The reasons for treatment discontinuation included
disease progression (43), patient request (5), AEs (3), death (1),
investigator decision (1), and other (1; patient used chemotherapy
outside hospital).

Pharmacokinetics/pharmacodynamics and RP2D

selection

The pharmacokinetic and pharmacodynamic characteristics of
orelabrutinib were evaluated in 17 patients with r/r MCL (n = 8 at
100 mg twice daily and n = 9 at 150 mg once daily). Orelabrutinib
was rapidly absorbed after a single oral dose of 100 mg twice daily
or 150 mg once daily, and the median time to maximum concen-
tration values were essentially identical at 1.9 and 2.0 hours,
respectively (supplemental Figure 1). Average t1/2 values after
single-dose administration of 150 mg once daily or 100 mg twice
daily were 4.1 and 2.5 hours, respectively. This discrepancy in t1/2
22 AUGUST 2023 • VOLUME 7, NUMBER 16
may be due to differences in sampling time points during the ter-
minal elimination phase. Orelabrutinib exhibited linear pharmaco-
kinetic characteristics, and systemic exposure (Cmax and AUC)
increased proportionally with dose increase. There was no
ORELABRUTINIB FOR PATIENTS WITH R/R MCL 4351
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apparent drug accumulation observed and no significant changes
in pharmacokinetic parameters after multiple dosing for 15 days,
and pharmacokinetic behavior remained unchanged. Coefficients
of variation of pharmacokinetic parameters were <30%, indicating
that individual pharmacokinetic differences of orelabrutinib in
patients with r/r MCL were small (supplemental Table 1). Because
orelabrutinib is an irreversible BTK inhibitor, its efficacy is expected
to be primarily driven by Cmax. Compared with 100 mg twice daily,
150 mg once daily with a higher Cmax is expected to achieve higher
target engagement and higher efficacy.

BTK occupancy by orelabrutinib was used as a pharmacodynamic
biomarker of BTK inhibition. Both 100 mg twice daily and 150 mg
once daily of orelabrutinib achieved close to 100.0% BTK occu-
pancy, and this effect was sustained up to 24 hours in the PBMCs
of patients with MCL. The interindividual variability between
patients was small (supplemental Figure 2).

As of 1 August 2018, a total of 14 patients completed at least
1 investigator-led imaging assessment, including 8 patients in the
150 mg once daily group and 6 patients in the 100 mg twice daily
group. The efficacy (ORR) of the 2 dose groups met the target
objective (65%), but that of the 150 mg once daily dose group was
slightly superior (supplemental Table 2). Most AEs were grades
1 or 2. Treatment-emergent AE and treatment-related adverse
events are summarized in the supplement (supplemental Table 3).
Two AEs in the 100 mg twice daily dose group led to drug inter-
ruption. There were no treatment-emergent AEs or treatment-
related adverse events leading to treatment discontinuation. No
serious AEs (SAEs) occurred in both dose groups. From a safety
perspective, orelabrutinib was well tolerated in both dose groups of
100 mg twice daily and 150 mg once daily.

Based on pharmacokinetic/pharmacodynamic profile, clinical effi-
cacy, and safety data in the first stage, 150 mg once daily was
selected to evaluate orelabrutinib monotherapy in the second
stage, given that a once daily dosing regimen has better compli-
ance in clinical practice.

Treatment outcomes

In the 106 patients who received orelabrutinib, the median follow-
up was 23.8 months. Table 2 shows the investigator- and
Table 2. IRC- and investigator-assessed best response in patients

with r/r MCL

Response assessment

IRC-assessed

response

Investigator-assessed

response

No. of patients 106 106

Median follow-up (mo) 23.8 23.8

ORR (%) 81.1 (72.4-88.1) 82.1 (73.4-88.9)

CR 27.4 34.9

PR 53.8 47.2

SD 5.7 5.7

DCR (%) 86.8 (78.8-92.6) 87.7 (79.9-93.3)

PD 8.5 5.7

Response data are expressed as the percentage (95% CI).
DCR, disease control rate; ORR, overall response rate; PD, progressive disease; SD,

stable disease.

4352 DENG et al
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IRC-assessed responses. Via IRC assessment, objective response
was recorded in 86 patients (81.1%; 95% confidence interval [CI],
72.4-88.1), with 27.4% of patients achieving CR and 53.8% of
patients achieving PR. Six patients (5.7%) were assessed as
having stable disease, and the disease control rate was 86.8%. Via
investigator assessment, 87 patients (82.1%) had an objective
response, with 34.9% of patients achieving CR and 47.2% of
patients achieving PR. The concordance rate between IRC- and
investigator-assessed responses was 93.4%. The IRC-assessed
CR rate improved over time from 25.5% at 10.5-month follow-up
to 27.4% at 23.8-month follow-up (supplemental Table 4). CT/
MRI results showed that a reduction in lymphadenopathy was
observed in all but 5 patients, and the median reduction percent-
age in the SPD of target lesions was 87.2% from a baseline
median SPD of 2514.4 mm2 in most of all 106 treated patients
(Figure 1).

Patients achieved a rapid response. The median TTR was
1.9 months. At the data cut-off date, the median DOR was
22.9 months (95% CI, 16.4 to not reached), and the proportion of
subjects with a DOR ≥ 24 months was 49.6% (Figure 2A). The
median PFS was 22.0 months (95% CI, 13.8 to not reached), and
the PFS rate at 24 months was 46.5% (Figure 2B). The median OS
was not reached, and the rate of OS at 24 months was 74.3%
(95% CI, 64.4-81.8; Figure 2C). Among the 29 patients who
achieved a best overall response of CR, the DOR and PFS rates at
24 months neared 80%, and the OS at 24 months remained near
100% (Figure 3).

Response to orelabrutinib was consistent across subgroups, with
treatment benefits observed in all prespecified subgroup analyses.
Overall response (assessed by the IRC) was observed in 83.3% of
elderly patients, 80% with stage III/IV disease, 81.8% with bulky
disease, 72.2% with high-risk MCL international prognostic index
scores, and 79.4% with Ki-67 levels ≥30 (Figure 4). Notably, effi-
cacy was improved in patients who had not received prior treat-
ment with anti-CD20 monoclonal antibodies. Among the 12
patients who were not exposed to anti-CD20–based therapy, the
ORR was 91.7%. However, a baseline splenomegaly was associ-
ated with a lower rate of response at 66.7%.

Safety

The safety profile was evaluated for a total of 106 patients who
received orelabrutinib treatment, among whom 73 patients
(68.9%) received orelabrutinib for more than 1 year. The median
duration of exposure was 21.1 months (interquartile range, 7.4-
27.4), and the median relative dose intensity was 99.6%. Most AEs
(89%) observed with orelabrutinib treatment were grade 1 or 2.
Among all 106 patients, the most common AEs of any grade
occurring in more than 10% of patients were thrombocytopenia
(34.0%), upper respiratory tract infection (27.4%), neutropenia
(24.5%), leukopenia (19.8%), anemia (19.8%), pneumonitis
(17.9%), hypokalemia (17.0%), rash (17.0%), hypertension
(17.0%), cough (16.0%), hyperglycemia (12.3%), pyrexia (12.3%),
weight increase (11.3%), prolonged QT interval (11.3%), pneu-
monia (11.3%), diarrhea (11.3%), alanine aminotransferase
increase (10.4%), hematuria (10.4%), and hypoalbuminemia
(10.4%) (Table 3).

Grade 3 or higher AEs that were reported in >2 patients included
thrombocytopenia (13.2%), neutropenia (8.5%), anemia (7.5%),
22 AUGUST 2023 • VOLUME 7, NUMBER 16
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Figure 1. Best percentage change from baseline in the SPD of target lesions for all 106 patients treated with orelabrutinib.
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pneumonia (5.7%), hypertension (5.7%), disease progression
(4.7%), lymphocytosis (3.8%), leukocytosis (3.8%), pneumonitis
(3.8%), soft tissue infection (2.8%), and hypokalemia (2.8%)
(Table 3). Grade 3 or higher AEs were considered treatment-
related in 37 patients (34.9%). SAEs occurred in 34 patients
(32.1%), and the SAEs reported in ≥2 patients were thrombocy-
topenia (6.6%), pneumonia (5.7%), progressive disease (4.7%),
pneumonitis (4.7%), femoral neck fracture (1.9%), and anemia
(1.9%) (supplemental Table 5).

AEs leading to discontinuation of treatment occurred in 5 patients
(4.7%), of whom 3 patients (2.8%) discontinued treatment
because of drug-related AEs: 2 cases of thrombocytopenia and 1
case of hemoptysis. Seven patients (6.6%) had AEs leading to
dose reduction, all of which were treatment-related, and 28
patients (26.4%) had AEs leading to dose interruption, of which 18
cases (17%) were determined to be treatment-related. A total of
27 patients died during the study, including 16 deaths (15%) from
disease progression, 2 deaths (2%) from AEs deemed unrelated to
treatment, 1 death (1%) from lung infection due to the common
cold, 1 death (1%) from infection due to acute myeloid leukemia,
and 7 deaths (7%) of unknown cause. No deaths due to drug-
related AEs were reported.

Infection, cytopenia, second primary malignancy, diarrhea, hyper-
tension, bleeding, and atrial fibrillation are the most concerning AEs
in clinical treatment with BTK inhibitors. Infection and cytopenia
were relatively common AEs reported in this study. Infection events
considered to be drug-related occurred in 34% of patients, of
which upper respiratory tract infection (13.2%) and pneumonia
(7.5%) were the most common. Grade 3 or higher infection events
22 AUGUST 2023 • VOLUME 7, NUMBER 16
occurred in 14.2% of patients, and 6.6% were deemed drug-
related. Treatment-related cytopenia, including anemia and
decreases in platelets, neutrophils, and white blood cells, occurred
in 14.2%, 32.1%, 22.6%, and 18.9% of patients, respectively.
Other notable AEs were uncommon. Three second primary
malignancy events (acute myeloid leukemia, squamous cell carci-
noma of lung, and bladder cancer) were observed but assessed as
unrelated to orelabrutinib. One patient with squamous cell carci-
noma presented with lung lesions at screening, and this second
malignancy was not considered a new occurrence. Diarrhea was
reported in 11.3% of patients, all of which were grade 1 or 2, with
3.8% judged as related to treatment. Hypertension occurred in
17% of patients and was evaluated as treatment-related in 15.1%
of patients. Thirty-seven patients (34.9%) experienced bleeding
events, all of which were grade 1 (33 patients, 31.1%) or grade 2
(4 patients, 3.8%) and most commonly included hematuria
(10.4%), microscopic hematuria (6.6%), petechiae (4.7%), and
purpura (4.7%). No patient experienced major hemorrhage
(defined as grade 3 or higher, serious, or any grade central nervous
system bleeding event). Only 1 episode of grade 1 atrial fibrillation
was reported in cycle 1 that did not recur and was deemed
unrelated to treatment. No grade 3 or higher second primary
malignancy, atrial fibrillation/flutter, diarrhea, or bleeding events
were observed.

Discussion

Orelabrutinib is a novel, irreversible BTK inhibitor with high potency
and superior target selectivity compared with previously known
BTK inhibitors. Daily dosing of 150 mg once daily resulted in
continuous and nearly 100% BTK occupancy over 24 hours in
ORELABRUTINIB FOR PATIENTS WITH R/R MCL 4353
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Figure 2. Duration of response, progression-free survival, and overall

survival in full analysis set population. (A) IRC-assessed DOR, (B) PFS, and (C)

overall survival in full analysis set population. NR, not reached.
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Figure 3. Duration of response, progression-free survival, and overall

survival in patients achieving CR, PR, or who were non-responders (SD/PD).

(A) IRC-assessed DOR, (B) PFS, and (C) overall survival.

4354 DENG et al 22 AUGUST 2023 • VOLUME 7, NUMBER 16

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/7/16/4349/2072731/blooda_adv-2022-009168-m

ain.pdf by guest on 08 June 2024



All

Factor Subgroup Responses/Subjects Overall Response Rate (95% CI) Overall

Age (Years)

Sex

Baseline ECOG score

MIPI Score

Ki-67-positive cell percentage

Baseline longest diameters of Target Lesions

Prior lines of therapy

Tumor Stage

Prior CD20 Antibody Therapy

Relapsed/Refractory

Baseline Hepatomegaly

Baseline Splenomegaly

0 20 40 60 80 100

ORR (%)

89/106All
61/76<65
25/30≥65
18/22Female
68/84Male
38/490
45/531

3/42
52/63Low risk (0-3)
26/32Intermediate risk (4-5)
8/11High risk (6-11)

34/39<30%
50/63≥30%

2/4Missing
51/65<5 cm
35/41≥5 cm
77/95<10 cm
9/11≥10 cm

42/48<2
44/58≥2

1/1I
5/5II

20/22III
60/78IV

6/6I/II
80/100III/IV
75/94Yes
11/12No
26/30Relapsed
27/32Refractory
33/44Relapsed/Refractory
9/12Yes
77/94No
16/24Yes
70/82No

81.1
80.3
83.3
81.8
81.0
77.6
84.9
75.0
82.5
81.3
72.7
87.2
79.4
50.0
78.5
85.4
81.1
81.8
87.5
75.9

100.0
100.0

90.9
76.9

100.0
80.0
79.8
91.7
86.7
84.4
75.0
75.0
81.9
66.7
85.4

(72.38, 88.08)
(69.54, 88.51)
(65.28, 94.36)
(59.72, 94.81)
(70.92, 88.70)
(63.38, 88.23)
(72.41, 93.25)
(19.41, 99.37)
(70.90, 90.95)
(63.56, 92.79)
(39.03, 93.98)
(72.57, 95.70)
(67.30, 88.53)
(6.76, 93.24)
(66.51, 87.69)
(70.83, 94.43)
(71.72, 88.37)
(48.22, 97.72)
(74.75, 95.27)
(62.83, 86.13)
(2.50, 100.00)
(47.82, 100.00)
(70.84, 98.88)
(66.00, 85.71)
(54.07, 100.00)
(70.82, 87.33)
(70.25, 87.37)
(61.52, 99.79)
(69.28, 96.24)
(67.21, 94.72)
(59.66, 86.81)
(42.81, 94.51)
(72.63, 89.10)
(44.68, 84.37)
(75.83, 92.20)

Figure 4. Subgroup analysis of ORR assessed by the IRC based on baseline demographic and clinical characteristics.
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patients with r/r MCL, which surpassed the >90% occupancy rate
observed with ibrutinib at doses ≥175 mg/d.10 The sustained and
complete BTK occupancy of orelabrutinib in PBMCs is presumed
to induce the potent and durable responses observed in this study.
Based on the results of pharmacokinetics, BTK inhibition in
PBMCs, safety, tolerability, preliminary efficacy, and compliance for
patients, 150 mg once daily was chosen as the preferred RP2D.
After a median follow-up of 23.8 months, single-agent orelabrutinib
induced a high ORR of 81.1% and CR of 27.4% by IRC and an
ORR of 82.1% and CR of 34.9% by the investigator as assessed
by CT/MRI. The median DOR was 22.9 months, and the median
PFS was 22 months. The demographic and baseline disease
characteristics of patients in this study were comparable to those in
studies conducted with ibrutinib, acalabrutinib, and zanubrutinib in
terms of sex, age, disease stage, bone marrow infiltration, Eastern
Cooperative Oncology Group performance status, tumor lesion
size, and median prior lines of therapy.12,21,22 In the ibrutinib pivotal
study 1104 in patients with r/r MCL, ibrutinib showed an ORR of
65.8% and CR of 17.1% after a median 15.3-month follow-up with
CT-based tumor assessment. The median DOR and PFS were
17.5 months and 13.9 months, respectively.10,21 The effect of
acalabrutinib and zanubrutinib were also investigated in r/r MCL
based on positron emission tomography (PET) assessment, with
ORRs of 81% (CR, 43%) and 84% (CR, 68.6%) after a median
follow-up of 26 months and 18.4 months, respectively. Median
DOR and PFS were 26 months and 20 months for acalabrutinib
and 19.5 months and 22.1 months for zanubrutinib, respec-
tively.22,23 It is noteworthy that unlike this study and the ibrutinib
study 1104 that used CT-based tumor assessment, PET-CT
imaging was used in the acalabrutinib and zanubrutinib trials,
22 AUGUST 2023 • VOLUME 7, NUMBER 16
which showed higher CR rates. PET is highly sensitive to metabolic
activities for assessment in lymphomas, whereas CT can only
reveal the size of the tumor.24,25 Nonetheless, the PFS and OS of
zanubrutinib, acalabrutinib, and orelabrutinib were comparable, all
of which were higher than the PFS and OS of ibrutinib.

Such a high rate of response observed with orelabrutinib was
consistent across prespecified subgroups, including older patients
aged ≥65 years (83.3%), patients with bulky disease (81.8%), and
patients with ≥2 prior lines of therapy (75.9%). Compared with
ibrutinib at a median follow-up of 26.7 months, orelabrutinib
demonstrated a superior ORR in patients with bulky tumors (81.8%
vs 67%) and ≥2 prior treatments (75.9% vs 63%).11 Moreover,
with extended treatment time, depth of remission improved and the
proportion of subjects who achieved CR also increased. CR
patients had significantly higher DOR and PFS than those who
achieved PR or had no response. These high and durable
responses in DOR and PFS also translated into clinically mean-
ingful survival benefits, with nearly 100% of complete responders
surviving at ≥24 months (Figure 3).

It is noteworthy that rapid reductions of extramedullary disease
were observed along with a median TTR (1.9 months). Of interest,
the median TTRs were the same for ibrutinib (1.9 months)21 and
2.8 months for zanubrutinib.26

The safety and tolerability of orelabrutinib in patients with r/r MCL
were favorable. The rate of treatment discontinuation in this study
(4.7%) was low relative to that in ibrutinib (9%) and zanubrutinib
(12.5%) studies.10,13 The median duration of exposure and relative
dose intensities were high. The most common AEs were grades
ORELABRUTINIB FOR PATIENTS WITH R/R MCL 4355



Table 3. AEs

All patients (n = 106)

Number of patients Incidence (%)

All TEAEs 101 95.3

AEs reported in ≥10% of patients

Thrombocytopenia 36 34.0

Upper respiratory tract infection 29 27.4

Neutropenia 26 24.5

Anemia 21 19.8

Leukopenia 21 19.8

Pneumonitis 19 17.9

Hypertension 18 17.0

Hypokalemia 18 17.0

Rash 18 17.0

Cough 17 16.0

Hyperglycemia 13 12.3

Pyrexia 13 12.3

Weight increase 12 11.3

Prolonged QT interval 12 11.3

Diarrhea 12 11.3

Pneumonia 12 11.3

Alanine aminotransferase increase 11 10.4

Hematuria 11 10.4

Hypoalbuminemia 11 10.4

All grade ≥3 TEAEs 55 51.9

Grade ≥3 AEs reported in >2 patients

Thrombocytopenia 14 13.2

Neutropenia 9 8.5

Anemia 8 7.5

Hypertension 6 5.7

Pneumonia 6 5.7

Disease progression 5 4.7

Leukocytosis 4 3.8

Lymphocytosis 4 3.8

Pneumonitis 4 3.8

Hypokalemia 3 2.8

Soft tissue infection 3 2.8

Incidence is calculated as the number of patients with the AEs divided by the total number
of patients.
All patients include 86 patients in the 150 mg once daily cohort and 20 patients in 100 mg

twice daily cohort.
The data cut-off date is 31 December 2020.
AEs were coded using MedDRA version 22.1.
TEAEs, Treatment-emergent AEs.
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1 or 2 and did not require additional treatment. Events of cytopenia
and infections (including upper respiratory infection and pneu-
monia) were expected as they are commonly reported from the
same class of drugs and were mostly mild to moderate. Diarrhea
occurred in 11.3% of patients in this study, with no reports of grade
3 or higher severity. This is a meaningful difference compared with
incidences of diarrhea with ibrutinib (43%),10 acalabrutinib
(31%),14 and zanubrutinib (23%).15 In addition, only 1 case of
4356 DENG et al
grade 1 atrial fibrillation was observed with orelabrutinib, whereas
other BTK inhibitors have reported grade 3 or greater atrial fibril-
lation and atrial flutter in ~1.1% to 4% of patients, with ibrutinib
having the highest incidence at 4%.10,14,15 A second primary
malignancy was reported in 3 patients treated with orelabrutinib;
however, evidence of lesions was present at screening in 1 case of
squamous cell carcinoma of lung. The rate of second malignancy in
this study (2.8%) was significantly lower than incidences observed
with ibrutinib (10%),10 acalabrutinib (12%),14 and zanubrutinib
(14%).15 Major hemorrhage has also been reported in 4%, 5.4%,
and 3.0% of patients treated with ibrutinib, zanubrutinib, and aca-
labrutinib,10,13,14 respectively, whereas no cases of major hemor-
rhage were observed with orelabrutinib therapy. In addition, lower
rates of grade 3 or higher infection were observed with orelabru-
tinib than with other BTK inhibitors (14.2% vs 19%-27%).10,14,15

The incidence of hypertension in this study (17%) was compara-
ble to rates reported with ibrutinib (19%), but grade 3 or higher
hypertension events were lower (5.7% vs 8%).10

As a single-arm study, the sample size is limited in this study and
there is no active control arm. A larger randomized study is needed
to further confirm the efficacy and safety of orelabrutinib in patients
with MCL. In addition, PET imaging was not used in this study for
metabolic assessment of tumor response; therefore, the CR rate
based on CT imaging only may be underestimated in this study.27

Orelabrutinib has shown potent activity in patients with r/r MCL and
substantial improvement in response rates compared with ibrutinib.
In addition, orelabrutinib exhibited a favorable safety profile with a
lower incidence of AEs observed in the BTK inhibitor class, sup-
porting a safe and highly effective treatment option for patients with
r/r MCL. The further development of orelabrutinib is expected to
provide additional evidence of its clinical benefit and risk profile
compared with available therapies.
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