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ABSTRACT

PURPOSE Pirtobrutinib is a highly selective, noncovalent (reversible) Bruton tyrosine
kinase inhibitor (BTKi). We report the safety and efficacy of pirtobrutinib in
patients with covalent Bruton tyrosine kinase inhibitor (cBTKi) pretreated
mantle-cell lymphoma (MCL), a population with poor prognosis.

METHODS Patients with cBTKi pretreated relapsed/refractory (R/R) MCL received pirto-
brutinib monotherapy in a multicenter phase I/II trial (BRUIN; Clinical-
Trials.gov identifier: NCT03740529). Efficacy was assessed in the first 90
consecutively enrolled patients who met criteria for inclusion in the primary
efficacy cohort. The primary end point was overall response rate (ORR). Sec-
ondary end points included duration of response (DOR) and safety.

RESULTS The median patient age was 70 years (range, 46-87), the median prior lines of
therapy was 3 (range, 1-8), 82.2% had discontinued a prior cBTKi because of
disease progression, and 77.8% had intermediate- or high-risk simplified MCL
International Prognostic Index score. The ORR was 57.8% (95% CI, 46.9 to
68.1), including 20.0% complete responses (n 5 18). At a median follow-up of
12 months, the median DOR was 21.6 months (95% CI, 7.5 to not reached). The
6- and 12-month estimated DOR rates were 73.6% and 57.1%, respectively. In
the MCL safety cohort (n 5 164), the most common treatment-emergent ad-
verse events (TEAEs) were fatigue (29.9%), diarrhea (21.3%), and dyspnea
(16.5%). Grade ≥3 TEAEs of hemorrhage (3.7%) and atrial fibrillation/flutter
(1.2%) were less common. Only 3% of patients discontinued pirtobrutinib
because of a treatment-related adverse event.

CONCLUSION Pirtobrutinib is afirst-in-class novel noncovalent (reversible) BTKi and thefirst
BTKi of any kind to demonstrate durable efficacy after prior cBTKi therapy in
heavily pretreated R/R MCL. Pirtobrutinib was well tolerated with low rates of
treatment discontinuation because of toxicity.

INTRODUCTION

Mantle-cell lymphoma (MCL) is an aggressive, rare subtype
of B-cell non-Hodgkin lymphoma. Covalent Bruton tyrosine
kinase inhibitors (cBTKi) have transformed the therapeutic
landscape of multiple B-cell malignancies, including relapsed/
refractory (R/R) MCL.1,2 However, the efficacy of cBTKi in this
setting is limited by drug resistance or intolerance.3-6 After
cBTKi therapy, patients with R/R MCL have historically had
very poor outcomes with a median overall survival (OS) <10

months.3,5,7-9 Recent availability of CD19-targeted chimeric
antigen receptor (CAR) T-cell therapy for R/R MCL has ex-
panded treatment options, but access is limited, not all patients
qualify, and treatment is associated with severe toxicities.10

Therefore, there remains a significant unmet medical need
for efficacious, broadly accessible, andwell-tolerated therapies
for patients with MCL after cBTKi treatment.

Resistance mechanisms to cBTKi vary by tumor type. In
chronic lymphocytic leukemia, Bruton tyrosine kinase (BTK)
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mutations have been well described, most commonly at the
C481 position.11 These mutations prevent irreversible drug
binding and confer cross resistance to all cBTKi. InMCL, BTK
mutations are uncommon, and mechanisms of resistance
are less well understood but may converge on epigenetic
or genetic mechanisms that collectively restore BTK
signaling.4,12-14 Neoplastic MCL cells may also become more
proliferative over time, leading to increased BTK protein
turnover and incomplete target inhibition with cBTKi.15

Although three cBTKi (ibrutinib, acalabrutinib, and zanu-
brutinib) have been approved for the treatment of R/R MCL,
data suggest similar efficacy for each of these agents.16-18

Importantly, no cBTKi has demonstrated efficacy after
progression when used sequentially after another cBTKi.

Pirtobrutinib, a highly selective, noncovalent (reversible)
BTKi, inhibits both wild-type and C481-mutant BTK with
equal low nM potency and has favorable oral pharmacology
that enables continuous BTK inhibition throughout the once
daily dosing interval, regardless of the intrinsic rate of BTK
turnover.19 Here, we report the primary efficacy and safety
analysis fromcBTKi pretreated patientswithMCL enrolled in
the phase I/II BRUIN trial.

METHODS

Patients

Patients with R/R MCL and other B-cell malignancies, in-
cluding those who were previously treated with a cBTKi,
were eligible for treatment with pirtobrutinib monotherapy
in the first-in-human open-label, multicenter, phase I/II
BRUIN trial.19 Patient allocation by B-cell malignancy is

included in the Data Supplement ([Fig S1], online only). The
overall trial design and full eligibility criteria have been
previously described19 and are detailed in the protocol (Data
Supplement). Eligible patients with MCL were enrolled at 37
sites in eight countries.

The trial Protocol (online only) was approved by the insti-
tutional review boards overseeing each site. The trial was
conducted in accordance with the Declaration of Helsinki,
Good Clinical Practice guidelines, and local laws. All patients
provided written informed consent. This trial is registered
with ClinicalTrials.gov (identifier: NCT03740529).

Trial Design and Treatment

Patients with R/R MCL were treated in either the dose es-
calation or expansion portion of the trial. The phase I portion
explored doses ranging from 25 to 300mg once daily and the
phase II portion utilized the recommended phase II dose of
200mgonce daily. Treatmentwas administered until disease
progression, discontinuation because of toxicity, or patient/
physician decision to withdraw. Patients with disease pro-
gression were permitted to continue pirtobrutinib treatment
if clinical benefit was experienced at the investigator’s
discretion.

Trial Assessments

The safety cohort included all patients with MCL who were
administered at least one dose of pirtobrutinib monotherapy
as of the data cutoff date. The primary efficacy cohort in-
cluded the first 90 patients with MCL consecutively enrolled
to either the phase I or II who had measurable disease as

CONTEXT

Key Objective
Despite the efficacy of covalent Bruton tyrosine kinase inhibitors (cBTKi) in mantle-cell lymphoma (MCL), resistance in-
variably develops. Treatment options are then limited, and consequently, patient outcomes are poor with a median overall
survival of <10 months. Pirtobrutinib, a highly selective, noncovalent (reversible) Bruton tyrosine kinase inhibitor (BTKi),
inhibits both wild-type and C481-mutant Bruton tyrosine kinase (BTK) with equal low nM potency and has favorable oral
pharmacology that enables continuous BTK inhibition throughout the daily dosing interval, regardless of intrinsic rate of
BTK turnover. Here, we report the safety and efficacy of pirtobrutinib in patients with cBTKi pretreated MCL.

Knowledge Generated
Pirtobrutinib is a first-in-class noncovalent (reversible) BTKi, and the first BTKi of any kind to demonstrate durable efficacy
after prior cBTKi therapy in heavily pretreated patients with relapsed/refractory MCL. Pirtobrutinib was well tolerated with
low rates of cBTKi-associated adverse events and discontinuation because of drug-related toxicity.

Relevance (J.W. Friedberg)
These data directly inform the regulatory approval of pirtobrutinib for patients with MCL, and provide rationale for planned
and ongoing phase III studies comparing covalent to non-covalent BTKi in several hematological malignancies.*

*Relevance section written by JCO Editor-in-Chief Jonathan W. Friedberg, MD.
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assessed per investigator, had received a prior cBTKi-
containing regimen, and had no known central nervous
system involvement. A data cutoff date of January 31, 2022
was selected to ensure that the vast majority (approximately
90%) of responders in the efficacy cohort would be followed
for at least 9 months from date of response onset. Efficacy
was also separately assessed in 14 enrolled patients with
cBTKi-näıve MCL, who were enrolled in earlier versions of
the protocol to both phase I and II portions of the study.
Positron emission tomography-computed tomography
(PET-CT) scans were used as the primary response as-
sessment modality, when available, with the remainder of
patients being assessed by CT scans only.

The primary end point was overall response rate (ORR) as
assessed by an independent review committee (IRC). Sec-
ondary end points included IRC-assessed best overall re-
sponse (BOR), duration of response (DOR), progression-free
survival (PFS), OS, and safety. Disease response assessments
were performed at 8-week intervals in the first year, 12-week
intervals in the second year, and then every 6 months. In the
MCL cohort, the ORR was assessed according to Lugano 2014
criteria,20 integrating CT measurements with FDG-PET when
available.21 DOR was measured from the start date of the
first documented response to the earlier of the docu-
mentation of progressive disease or death from any cause.
PFS was measured from the first dose of pirtobrutinib to
the earlier of the documentation of progressive disease or
death from any cause. OS was measured from first dose of
pirtobrutinib to the date of death from any cause. Fre-
quency, attribution, and severity of treatment-emergent
adverse events (TEAEs) were investigator assessed from
the first dose of pirtobrutinib and graded according to the
National Cancer Institute Common Terminology Criteria
for Adverse Events, version 5.0 (CTCAE v5.0).

Statistical Analysis

All analyseswere conducted according to the statistical analysis
plan (SAP) as reviewed by global health authorities (Data
Supplement). Under the originally proposed SAP, a sample size
of 65 patients in the primary efficacy cohort, also called pri-
mary analysis set, was estimated to provide approximately
95% power to have the lower boundary of a two-sided 95%
exact binomial CI >20%, if the true ORR is 40%. Ruling out a
lower limit of 20% for ORR is considered clinically meaningful
for patients with MCL who have discontinued prior cBTKi
therapy, as ORRs of approximately 20%-30%were reported in
clinical studies testing agents given asmonotherapy inpatients
with cBTKi-näıve advanced MCL (temsirolimus, 22%22; bor-
tezomib, 31%23; lenalidomide, 28%24). The sample size for the
primary efficacy cohort was subsequently increased to 90 pa-
tients following US regulatory feedback.

Descriptive statistics were used to present patient disposition,
demographics, and disease characteristics, BOR, and safety
data. ORRwas estimatedwith an exact two-sided 95%CI. The
Kaplan-Meier method was used to analyze DOR, PFS, and OS.

Analyses were performed using SAS version 9.4 (SAS Institute
Inc, Cary, NC).

RESULTS

Baseline Patient and Disease Characteristics

From March 21, 2019, to January 31, 2022, a total of 164
patients with MCL were enrolled and treated with pirto-
brutinib, including 90 cBTKi pretreated patients in the pri-
mary efficacy cohort and 14 cBTKi-näıve patients (Data
Supplement [Fig S1]). The additional 60patientswithMCLnot
included in the efficacy analyses were either not eligible for
the primary efficacy cohort or had insufficient follow-up.
PET-CT scans were used in response assessments in 47%
(n 5 42) of patients in the primary efficacy cohort (n 5 90),
with the remainder being assessed by CT scans only. Among
patients in the primary efficacy cohort, themedian agewas 70
(range, 46-87) years, the median number of prior lines of
therapy was 3 (range, 1-8), and the majority of patients
(77.8%, n 5 70) had intermediate- or high-risk disease on
the basis of the simplified MCL International Prognostic
Index score (Table 1). Additional prior therapies included an
anti-CD20 antibody (95.6%, n 5 86), chemotherapy (87.8%,
n5 79), immunomodulatory drugs (21.1%, n5 19), stem-cell
transplantation (21.1%, n 5 19; autologous [18.9%] or
allogeneic [4.4%]), B-cell lymphoma-2 inhibitor (15.6%,
n 5 14), CAR T-cell therapy (4.4%, n 5 4), and phosphoi-
nositide 3-kinase inhibitor (3.3% n 5 3). The majority of
patients discontinued their prior cBTKi because of disease
progression (82.2%, n5 74), followed by toxicity/intolerance
(17.8%, n 5 16). Six patients (6.7%) received only one prior
line of therapywhichwas a BTKi, 66 (73.3%) patients received
one prior cBTKi but also had other types of prior lines of
therapy, and 18 patients (20%) received more than one prior
cBTKi. Most patients (n 5 79, 87.8%) received at least one
dose of pirtobrutinib at the recommended phase II dose of
200mgonce daily, with 77 (85.6%) patients receiving 200mg
once daily as starting dose. Themedian timeon treatmentwas
5.2 months (range, 0.2-33.7). Treatment was discontinued
in 72 (80.0%) patients, 49 (54.4%) because of disease
progression, 11 (12.2%) because of a TEAE with 3 (3.3%) of
these considered to be treatment-related adverse event (AE;
weight loss, cholecystitis, and neutrophil count decrease),
3 (3.3%) because of commencement of an alternative therapy,
2 (2.2%) because of withdrawal of consent, 5 (5.6%) because
of death, and 2 (2.2%) because of other reasons. Baseline
characteristics for the 14 cBTKi-näıve patients with MCL are
also provided in Table 1.

Efficacy

Among the primary efficacy cohort (n 5 90), the ORR as
determined by IRC was 57.8% (95% CI, 46.9 to 68.1), in-
cluding 20.0% (n 5 18) with complete responses and 37.8%
(n 5 34) with partial responses (Table 2; Fig 1). The median
time-to-response was 1.8 months (IQR, 1.0-7.5). In patients
with blastoid histology (n 5 8) and pleomorphic histology
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TABLE 1. Patient Characteristics at Baseline

Characteristic cBTKi Pretreated MCL (n 5 90) cBTKi-Näıve MCL (n 5 14)

Age, years, median (range) 70 (46-87) 67 (60-86)

Sex, No. (%)

Female 18 (20.0) 4 (28.6)

Male 72 (80.0) 10 (71.4)

Race, No. (%)

Asian 6 (6.7) 2 (14.3)

Black or African American 1 (1.1) 0

White 76 (84.4) 9 (64.3)

Others 7 (7.8) 3 (21.4)

Histology, No. (%)

Classic 70 (77.8) 11 (78.6)

Pleomorphic 12 (13.3) 2 (14.3)

Blastoid 8 (8.9) 1 (7.1)

ECOG PS, No. (%)

0 61 (67.8) 5 (35.7)

1 28 (31.1) 8 (57.1)

2 1 (1.1) 1 (7.1)

sMIPI score, No. (%)

Low risk (0-3) 20 (22.2) 3 (21.4)

Intermediate risk (4-5) 50 (55.6) 5 (35.7)

High risk (6-11) 20 (22.2) 6 (42.9)

Tumor bulka (cm), No. (%)

<5 66 (73.3) 9 (64.3)

≥5 24 (26.7) 5 (35.7)

≥10 3 (3.3) 2 (14.3)

Extranodal disease, No. (%)

Yes 35 (38.9) 6 (42.9)

No 55 (61.1) 8 (57.1)

Bone marrow involvement, No. (%)

Yes 46 (51.1) 4 (28.6)

No 44 (48.9) 10 (71.4)

Prior lines of systemic therapy, No., median (range) 3 (1-8) 2 (1-3)

Prior therapy,b No. (%)

BTK inhibitor 90 (100.0) 0 (0)

Anti-CD20 antibody 86 (95.6) 14 (100.0)

Chemotherapy 79 (87.8) 14 (100.0)

Immunomodulator 19 (21.1) 1 (7.1)

Stem-cell transplant 19 (21.1) 7 (50.0)

Autologous 17 (18.9) 7 (50.0)

Allogeneic 4 (4.4) 0 (0)

BCL2 inhibitor 14 (15.6) 0 (0)

CAR T-cell 4 (4.4) 0 (0)

PI3K inhibitor 3 (3.3) 1 (7.1)

Reason discontinued any previous cBTKi inhibitor,c,d No. (%)

Progressive disease 74 (82.2) —

Toxicity/othere 16 (17.8) —

Abbreviations: BCL2 inhibitor, B-cell lymphoma-2; BTK, Bruton tyrosine kinase inhibitors; CAR, chimeric antigen receptor; cBTKi, covalent Bruton
tyrosine kinase inhibitor; ECOG PS, Eastern Cooperative Oncology Group performance status; MCL, mantle-cell lymphoma; mTOR, mammalian
target of rapamycin; PI3K, phosphoinositide 3-kinase; sMIPI, simplified MCL International Prognostic Index.
aTumor bulk is defined as the largest diameter of a lymph node.
bOther prior treatment options include mTOR inhibitors, other immunotherapies excluding anti-CD20 antibodies, PD/PDL1 immunotherapies,
proteasome inhibitors, other small molecules inhibitors.
cCalculated as percent of patients who received prior cBTKi.
dIn the event more than one reason was noted for discontinuation, disease progression took priority.
eOther includes patient decision, physician decision, and other reasons for discontinuation.
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(n 5 12), the ORR was 75.0% (95% CI, 34.9 to 96.8) and
50.0% (95% CI, 21.1 to 78.9), respectively. Two of four pa-
tients who received previous CAR T-cell therapy attained
disease response, and the ORR among 19 patients who had
received previous stem cell transplantation was 57.9% (95%
CI, 33.5 to 79.7). The ORR was generally consistent across
other prespecified subgroups regardless of demographics,
number of prior lines of therapy, or prior therapy (Data
Supplement [Fig S2]). Similarly, the ORR to pirtobrutinibwas
similar in patients previously treated with ibrutinib, aca-
labrutinib, or zanubrutinib (Data Supplement [Table S1]).

At a median response follow-up of 12 months, the median
DOR by IRC among the 52 responders was 21.6 months (95%
CI, 7.5 to not reached [NR]; Fig 2A; Table 2). The 6-, 12-, and
18-month estimated DOR rates were 73.6% (95% CI, 58.0 to
84.2), 57.1% (95% CI, 39.3 to 71.5), and 52.4% (95% CI, 33.9
to 67.9), respectively. Among responding patients, 35% of

responses were ongoing at the time of data cutoff, with the
longest ongoing response observed at 26.2 months. Patients
with BTKi as their most recent prior line of therapy (n 5 55)
had a median DOR of 14.8 months (95% CI, 5.55 to not es-
timable [NE]) and an ORR of 52.7% (Data Supplement [Table
S5]; n5 29). Themedian PFS by IRCwas 7.4months (95%CI,
5.3 to 12.5; Fig 2B; Table 2). The median OS was NR (95% CI,
14.8 to NR; Fig 2C; Table 2). The 12- and 18-month estimated
OS rates were 67.6% (95% CI, 55.7 to 77.0) and 59.3% (95%
CI, 46.1 to 70.2), respectively. After treatment with pirto-
brutinib, 17 (18.9%) patients went on to receive subsequent
CAR T-cell therapy.

Among the 14 cBTKi-näıve patients, the ORR according to
IRC was 85.7% (95% CI, 57.2 to 98.2), including 35.7% (5 of
14) with complete response and 50.0% (7 of 14) with partial
responses (Table 2; Fig 1). At amedian response follow-up of
7.1 months, the median DOR was NR (95% CI, NR to NR;
Table 2). The 6 months estimated DOR rate was 100% (95%
CI, NR to NR; Data Supplement [Fig S3]). Median PFS and OS
had not been reached (Table 2). At 6 months, the PFS and OS
rates were both 92.3% (95% CI, 56.6 to 98.9; Data Sup-
plement [Figs S4 and S5]). Patients who discontinued
previous cBTKi treatment because of disease progression
(n5 74) had anORRof 50% (n5 37; 95%CI, 38.1 to 61.9), and
a median DOR of 14.8 months (95% CI, 5.6 to NE). These
patients had a median PFS of 5.5 months (95% CI, 3.7 to 8.3)
and a median OS of 23.4 months (95% CI, 10.9 to NE). Pa-
tients who discontinued previous BTKi because of toxicity
(n 5 12) had an ORR of 92% (n 5 11), an NE median DOR
(95% CI, 7.5 to NE), NE median PFS (95% CI, 9.3 to NE), and
an NE median OS (95% CI, 13.3 to NE). These patients had a
12-month DOR of 78.8% (95% CI, 38.1 to 94.3), 12-month
PFS of 82.5% (95% CI, 46.1 to 95.3), and a 12-month OS of
91.7% (95% CI, 53.9 to 98.8).

Safety

Among the 164 patients with MCL treated with pirtobrutinib
as of the data cutoff date, 92.1% had received at least one
dose of pirtobrutinib at the recommended phase II dose of
200 mg once daily. The median time on treatment was 4.5
months. The most common TEAEs and AEs of special in-
terest are presented in Table 3. The most common TEAEs,
regardless of attribution, were fatigue (29.9%, n 5 49),
diarrhea (21.3%, n 5 35), and dyspnea (16.5%, n 5 27). The
most frequent grade ≥3 TEAE was infection (17.1%, n 5 28).

Grade ≥3 pirtobrutinib-related AEs were infrequent, with
neutropenia (8.5%, n 5 14) being the most common. No
grade ≥3 TEAEs of hypertension were observed. Atrial
fibrillation/flutter was uncommon and seen in 6 (3.7%)
patients, three of whom had a history of atrial fibrillation,
despite 17 (10.4%) patients enrolled with a medical his-
tory of atrial fibrillation/flutter. Only two events of atrial
fibrillation/atrial flutter were grade ≥3, neither of which
resulted in discontinuation of pirtobrutinib. Low rates of
grade ≥3 TEAEs of hemorrhage (3.7%, n56)were observed,

TABLE 2. Efficacy of Pirtobrutinib in Patients With cBTKi Pre-treated
and cBTKi-Näıve MCL

Response

cBTKi
Pretreated

MCL (n 5 90)
cBTKi-Näıve
MCL (n 5 14)

Overall response rate, % (95% CI) 57.8 (46.9 to 68.1) 85.7 (57.2 to 98.2)

Best overall response, No. (%)

Complete response 18 (20.0) 5 (35.7)

Partial response 34 (37.8) 7 (50)

Stable disease 14 (15.6) 0

Progressive disease 15 (16.7) 1 (7.1)

Not evaluablea 9 (10.0) 1 (7.1)

DOR

Patients with a response, No. 52 12

Patients with censored data,
No. (%)

33 (63.5) 12 (100)

DOR, months, median (95% CI) 21.6 (7.5 to NR) NR (NR to NR)

Median follow-up, months 11.9 7.1

PFS

Patients with censored data,
No. (%)

45 (50.0) 13 (92.9)

PFS, months, median (95% CI) 7.4 (5.3 to 12.5) NR (NR to NR)

Median follow-up, months 9.2 8.6

OS

Patients with censored data,
No. (%)

60 (66.7) 13 (92.9)

OS, months, median (95% CI) NR (14.8 to NR) NR (NR to NR)

Median follow-up, months 16.6 9.4

NOTE. Overall response and best response were determined according
to the 2014 Lugano criteria20 and on the basis of independent review
committee assessment.
Abbreviations: cBTKi, covalent Bruton tyrosine kinase inhibitor; DOR,
duration of response; MCL, mantle-cell lymphoma; NR, not reached; OS,
overall survival; PFS, progression-free survival.
aPatients without postbaseline disease assessment were not
evaluable.
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with no grade 3 or higher bruising events (Table 3). Grade ≥3
TEAEs of infection occurred in 28 (17.1%) patients. The
most common infection of any grade observed was pneu-
monia (10.4%, n 5 17) and COVID-19–related pneumonia
(3%, n 5 5). There were 8 (4.9%) patients with documented
COVID-19 disease of any grade. AEs leading to dose inter-
ruptions and dose reductions were observed in 42 (25.6%)
and 8 (4.9%) patients, respectively. Permanent discontin-
uations because of TEAEs occurred in 15 (9.1%) patients, the
most common being pneumonia (n 5 2, 1.2) while no other
event accounted for more than one discontinuation (Data
Supplement [Table S3]). Permanent discontinuations for
drug-related adverse events occurred in 5 (3.0%) patients
(Data Supplement [Table S4]). There were 11 grade 5 TEAEs,
none ofwhichwere considered drug-related by investigators
(Table 3), although treatment effect can never be completely
ruled out. The safety profile of all patients with MCL
(n 5 164) was consistent with the overall population com-
prising all patients treated with pirtobrutinib across B-cell
malignancies (N5 725; Data Supplement [Tables S2 and S3]).

DISCUSSION

Pirtobrutinib demonstrated durable efficacy and a favorable
safety profile in patients with cBTKi pretreated MCL in the
BRUINphase I/II trial. These data suggest that re-establishing
BTK inhibition with pirtobrutinib, a noncovalent BTKi, is an
effective and safe approach in patients with MCL who had

prior cBTKi treatment. Pirtobrutinib has the potential to
meaningfully extend the total period of clinical benefit from
BTK inhibition when used sequentially after cBTKi exposure.

The availability of effective and safe therapies for patients
withMCL after treatment with cBTKi remains an area of high
unmet need. In this trial, patients with MCL and prior cBTKi
exposure receiving pirtobrutinib monotherapy achieved a
clinically meaningful ORR of 58%, with 57% of responders
maintaining response at 12 months. Responses with pirto-
brutinib were consistent in patients who discontinued their
prior cBTKi because of disease progression or toxicity/other
reasons and across most prespecified subgroups including
in patients with blastoid/pleomorphic histologies, those
who previously received CAR T-cell therapy and stem-cell
transplantation, and those who received multiple prior lines
of therapy. Notably, similar efficacy was observed in patients
previously treated with ibrutinib, acalabrutinib, or zanu-
brutinib, suggesting that theremay not be a unique pattern of
BTK-mediated resistance associated with these covalent
agents. Importantly, the OS observed 12-month survival rate
of 68% appears promising, given the reports in similar co-
horts from the literature (median survival <10 months).3,7-9,25

The exactmechanisms bywhich pirtobrutinib is efficacious in
MCL after cBTKi treatment is incompletely understood as BTK
mutations are rarely observed in MCL.4,12,13 Pirtobrutinib has
favorable pharmacokinetics with high oral bioavailability and
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a 19-hour half-life, attaining continuous BTK inhibition
(>IC90) throughout the dosing interval, regardless of intrinsic
rate of BTK turnover. The highly selective nature of pirto-
brutinibmayalso reduceoff-target inhibition, thusminimizing
adverse events while permitting maximal on-target drug
coverage. Finally, other features of pirtobrutinib besides its
pharmacologic properties and reversible binding mode may be
responsible for its unique clinical profile and preclinical studies
are ongoing.

The safety of pirtobrutinib was favorable in patients with R/R
MCL andwas similar to the larger populationof pirtobrutinib-
treated patients. This favorable safety profile is consistent
with the high selectivity of pirtobrutinib for BTK. Non-BTK–
mediated grade 3 or higher adverse events and treatment
discontinuation because of drug-related toxicity were both
uncommon. Despite allowing patients with a history of prior

atrial fibrillation on cBTKi to enroll, atrial fibrillation rates
observed here were consistent with that expected in age-
matched population controls.17,26 Rates of grade ≥3 infection
and bleeding were also low, despite enrolling patients with a
history of these events on prior cBTKi. Finally, the frequency
of any grade hypertension was low, and no high-grade hy-
pertension was observed, which has been usually reported
with cBTKi therapy with longer follow-up.27-29

The approval of CD19-targeted CAR T-cell therapy for R/R
MCL has expanded treatment options in this setting;
however, delivery of this therapy is often not feasible
because of the rapidly progressive kinetics of relapsed
MCL30 and is limited to patients with access to tertiary
centers, often associated with severe adverse events,10 and
commonly requires an effective bridging therapy.31 Other
investigational therapies such as bispecific antibodies

TABLE 3. Adverse Events in At Least 10% of All Patients With MCL

Adverse Event

MCL Safety Population (n 5 164)

TEAE, (≥10%), No. (%) TRAE, No. (%)

Any Grade Grade ≥3 Any Grade Grade ≥3

Fatigue 49 (29.9) 4 (2.4) 34 (20.7) 4 (2.4)

Diarrhea 35 (21.3) 0 20 (12.2) 0

Dyspnea 27 (16.5) 3 (1.8) 15 (9.1) 1 (0.6)

Contusion 24 (14.6) 0 16 (9.8) 0

Anemia 21 (12.8) 8 (4.9) 10 (6.1) 4 (2.4)

Back pain 21 (12.8) 2 (1.2) 2 (1.2) 0

Cough 20 (12.2) 0 10 (6.1) 0

Pyrexia 19 (11.6) 0 6 (3.7) 0

Constipation 18 (11.0) 0 3 (1.8) 0

Nausea 18 (11.0) 0 7 (4.3) 0

Pneumonia 17 (10.4) 14 (8.5) 5 (3.0) 4 (2.4)

Myalgia 17 (10.4) 0 14 (8.5) 0

Adverse event of special interesta

Infections 59 (36.0) 28 (17.1) 24 (14.0) 5 (3.0)

Bleeding 45 (27.4) 6 (3.7) 26 (15.9) 1 (0.6)

Thrombocytopenia 24 (14.6) 11 (6.7) 2 (1.2) 0

Neutropeniab 23 (14.0) 22 (13.4) 15 (9.1) 14 (8.5)

Bruisingc 27 (16.5) 0 19 (11.6) 0 (0.0)

Hemorrhage 25 (15.2) 6 (3.7) 11 (6.7) 1 (0.6)

Atrial fibrillation/atrial flutterd 6 (3.7) 2 (1.2) 1 (0.6) 0 (0.0)

NOTE. There were 11 grade 5 adverse events, none of which were considered treatment-related (two respiratory failure and one each of pneumonia,
COVID-19 pneumonia, multiple organ dysfunction syndrome, cardiac arrest, hemorrhage, malignant pleural effusion, mucormycosis, streptococcal
infection, and sudden death).
Abbreviations: cBTKi, covalent Bruton tyrosine kinase inhibitor; MCL, mantle cell lymphoma; TEAE, treatment-emergent adverse event; TRAE,
treatment-related adverse event.
aAdverse events of special interest are those that were previously associated with cBTKi and are all composite terms.
bCombines neutrophil count decreased, neutropenia, febrile neutropenia, and neutropenic sepsis.
cBruising includes contusion, petechia, ecchymosis, and increased tendency to bruise.
dOf six total atrial fibrillation/atrial flutter TEAEs, three occurred in patients with a medical history of atrial fibrillation.
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have shown promising results in the R/R MCL setting,
including patients with previous BTKi exposure, although
evidence is limited with small sample size and limited
follow-up.32 Nemtabrutinib, a noncovalent BTKi, is under
investigation for the treatment of R/R B-cell malignancies
although data are currently only available for six patients
with MCL.33

This trial has some important limitations. As this was a
single-arm trial, formal comparison to other available
therapies typically used for the treatment of R/RMCL after
cBTKi treatment is not possible. Additionally, numerous
subgroups have limited patient numbers, resulting in large
confidence intervals for response rates. The median DOR,
although reached, is not fully mature and may change

in response to additional follow-up. Finally, additional
follow-up is needed to assess the long term-safety profile
of pirtobrutinib.

In summary, pirtobrutinib is thefirst noncovalent (reversible)
BTK inhibitor to demonstrate meaningful response rates and
durable efficacy in patients with heavily pretreated MCL who
received a prior cBTKi. Pirtobrutinib was well tolerated with
low rates of cBTKi-associated adverse events and discon-
tinuation because of drug-related toxicity. Several ongoing
clinical trials are evaluating pirtobrutinib in the treatment of
B-cellmalignancies, including a randomized, global, phase III
trial comparing pirtobrutinib with investigator’s choice of
cBTKi in patients with pretreated BTKi-näıve MCL (BRUIN
MCL-321; ClinicalTrials.gov identifier: NCT04662255).34
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APPENDIX

TABLE A1. BRUIN Investigators

Investigator Name Site Name

Anthony Mato Memorial Sloan Kettering Cancer Center

Michael Wang MD Anderson Cancer Center

Wojciech Jurczak Pratia MCM Kraków

William Wierda MD Anderson

Nirav Shah Medical College Wisconsin

Toby Eyre Oxford University Hospitals National Health Service Trust—Churchill Hospital

Jennifer Woyach The Ohio State University Comprehensive Cancer Center

Chan Yoon Cheah Linear Clinical Research

Paolo Ghia IRCCS Ospedale San Raffaele

Krish Patel Swedish Cancer Institute

Ewa Lech-Maranda Instytut Hematologii i Transfuzjologii, Klinika Hematologii

Manish Patel Florida Cancer Specialists

Jennifer Brown Dana Farber Cancer Institute

Talha Munir Haematology Clinical Trials

Pier Luigi Zinzani Azienda Ospedaliero Universitaria di Bologna-Instituto di Ematologia Loren

James Gerson University of Pennsylvania

Nicole Lamanna Columbia

Alvaro Alencar University of Miami Hospital Sylvester Comprehensive Cancer Center

Chaitra Ujjani University of Washington School of Medicine

Constantine Tam Peter MacCallum Cancer Center

Catherine Coombs University of North Carolina

David Lewis Plymouth Hospitals National Health Service Trust-Derriford Hospital

Bita Fakhri University of California, San Francisco

Shuo Ma Northwestern

Thomas Gastinne Universite De Nantes

Jonathon Cohen Winship Cancer Institute

Ian Flinn Sarah Cannon Research Institute-Nashville

Joanna Rhodes Northwell Health—Centers for Advanced Medicine

Koji Izutsu National Cancer Center Hospital

Youngil Koh Seoul National University Hospital

Marc Hoffmann University of Kansas Cancer Center

Francisco Hernandez-Ilizaliturri Roswell Park

Bryone Kuss Flinders Medical Centre

Hirokazu Nagai Naka-ku, Nagoya-shi

Yucai Wang Mayo Clinic—Minnesota

Deepa Jagadeesh Cleveland Clinic

Minal Barve Mary Crowley Cancer Research

Noriko Fukuhara Aoba-ku, Sendai-shi

Won Seog Kim Samsung Medical Center

Kiyoshi Ando Tokai University Hospital

Daigo Hashimoto Hokkaido University Hospital

Julie Vose University of Nebraska Medical Center

Kaname Miyashita Kyushu Cancer Center

Anders Osterborg Cancerstudieenheten, Centrum för kliniska Cancerstudier

Scott Huntington Smilow Cancer Hospital at Yale—New Haven

Matthew McKinney Duke University Medical Center

Anastasios Stathis Oncology Institute of Southern Switzerland (IOSI)

Takahiro Kumode Department of Orthopedic Surgery, Kindai University Hospital

Kensuke Kojima Kochi Medical School Hospital
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