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Abstract

Clinical bleeding events are reported here from 773 patients with B-cell malignancies

receiving pirtobrutinib monotherapy from the phase 1/2 BRUIN study (ClinicalTri-

als.gov identifier: NCT03740529), either in the presence or absence of antithrombotic

therapy (antithrombotic exposed [AT-E], n = 216; antithrombotic nonexposed [AT-

NE], n = 557). Among the AT-E cohort, 51.9% received platelet aggregation inhibitors,

36.6% received direct factor Xa inhibitors, 18.5% received heparins, 5.6% received

salicylic acid for indications other than platelet aggregation inhibition, and 2.3%

received thrombolytics. Warfarin was not permitted. Any-grade bleeding/bruising

events occurred in 97 patients (44.9%; 95% confidence interval [CI], 38.3–51.5) in
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the AT-E cohort and 181 patients (32.5%; 95% CI, 28.6–36.4) in the AT-NE cohort.

Most bleeding/bruising events in both cohorts beganwithin the first 6months of treat-

ment (AT-E: 65.4%;AT-NE: 72.5%). Contusionwas themost commonbleeding/bruising

event in both cohorts (AT-E: 22.7%; AT-NE: 18.1%). Grade≥3 bleeding/bruising events

were reported in six patients (2.8%) in the AT-E cohort and 11 patients (2.0%) in the

AT-NE cohort. Bleeding/bruising events requiring or prolonging hospitalization were

reported in 2.3% and 1.6% of patients in the AT-E and AT-NE cohorts, respectively.

No bleeding/bruising events led to pirtobrutinib dose reduction or permanent discon-

tinuation in the AT-E cohort, and one patient (0.2%) in the AT-NE cohort experienced

an event requiring dose reduction. These data support the safety of pirtobrutinib in

patients requiring antithrombotic therapies.
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1 INTRODUCTION

Covalent Bruton tyrosine kinase (BTK) inhibitors have demonstrated

remarkable efficacy in the treatment of chronic lymphocytic leukemia

(CLL), mantle cell lymphoma (MCL), and other non-Hodgkin lym-

phomas (NHL) [1–5]. Despite their efficacy, an increased risk of bleed-

ing, including potentially serious events such as central nervous system

bleeding and major gastrointestinal hemorrhage, has been associated

with covalent BTK inhibitors and has caused patients to discontinue

BTK inhibitor treatment [6–7]. This may pose a significant dilemma

in the clinical management of patients with hematologic malignan-

cies who require concomitant antithrombotic therapy for a variety of

comorbid conditions such as cardiovascular disease or stroke preven-

tion [7–8]. Bleeding risks with BTK inhibitors are higher when used

alongside dual-antiplatelet therapy or systemic anticoagulation [9]. A

study of 111 patients with MCL treated with ibrutinib, wherein 61

patients (55%) had received concomitant treatment with anticoagu-

lants or antiplatelet agents, noted that bleeding events occurred more

frequently in patients receiving these agents (any grade, 69%; grade

3–4, 8%) compared with those not receiving these treatments (any

grade, 28%; grade 3–4, 4%) [10]. Another retrospective analysis of 70

patients who received ibrutinib reported that 19% of patients experi-

enced major bleeding (grade ≥3 by the Common Terminology Criteria

for Adverse Events [CTCAE]), and a majority were taking a concur-

rent antiplatelet agent (70%) or an anticoagulant (17%). Furthermore,

the combined use of both antiplatelet and anticoagulant therapy sig-

nificantly increased bleeding risk (hazard ratio: 19.2, 95% confidence

interval [CI]: 2.3–166.7, p < 0.01) [9]. The added bleeding risk posed

by the combination of BTK inhibitors and antiplatelet agents, espe-

cially in an elderly population more vulnerable to excessive bleeding,

may limit the use of standard-of-care BTK inhibitor therapy in multiple

hematologic malignancies for many patients [6, 11].

The mechanism underlying BTK inhibitor-related bleeding has

been largely attributed to a combination of on-target BTK inhibition

(through interference with platelet glycoprotein [GP] VI signaling) [12]

compoundedby additional off-target inhibition of related kinases (such

as tyrosine-protein kinase [TEC]) important for platelet function [6,

13]. Specifically, in the absence of BTK, TEC signaling has been shown

to regulate platelet activation through GPVI, resulting in a deficit

in collagen-mediated activation [14]. Notably, patients taking a BTK

inhibitor show reductions in collagen-mediated platelet aggregation,

correlating with the occurrence of clinical bleeding [15].

In a pooled analysis of phase 3 studies in 330 patients with CLL

receiving the first-generation covalent BTK inhibitor, ibrutinib, bleed-

ing/bruising events were observed in 55% of patients, and 21 patients

reported 25 major hemorrhage events.[16] Second-generation cova-

lent BTK inhibitors, acalabrutinib, and zanubrutinib, have higher

specificity for BTK and fewer off-target toxicities [17]; nonetheless,

bleeding events have still been observed with these agents, albeit

at a lower frequency than seen with ibrutinib therapy [18]. Specif-

ically, a pooled analysis of 1040 patients with mature B-cell malig-

nancies treated with acalabrutinib monotherapy reported that 46%

experienced hemorrhage, with 4% of these being major hemorrhage

(grade ≥3, serious, or affecting the central nervous system) [19]. Sim-

ilarly, in a pooled analysis of 779 patients who received zanubrutinib

monotherapy, 55% reported hemorrhage, with 4% experiencing major

hemorrhage [20].

Pirtobrutinib is a potent and highly selective noncovalent

(reversible) BTK inhibitor designed to address some of the limi-

tations of covalent BTK inhibitors. Among its unique attributes,

pirtobrutinib was highly selective for BTK in >98% of the human

kinome and retained greater than 100-fold selectivity over other

tested kinases, minimizing off-target activity and potentially low-

ering the risk of toxicities, such as bleeding [21]. These properties

suggest pirtobrutinib may represent the potential to treat certain

hematologic malignancies with improved tolerability and provide

patients with another opportunity to safely utilize BTK inhibitor

therapy [21–23].
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Based on results from the BRUIN study, pirtobrutinib has been

approved in the United States for the treatment of relapsed or refrac-

tory (R/R) MCL after at least two lines of systemic therapy, including a

BTK inhibitor [24], and in Europe for the treatment of adult patients

with R/R MCL who have previously received a BTK inhibitor [25].

On December 1, 2023, the United States Food and Drug Adminis-

tration granted accelerated approval to pirtobrutinib for adults with

CLL/SLL who have received at least two prior lines of therapy, includ-

ing a BTK inhibitor and a B-cell lymphoma 2 inhibitor [26]. The BRUIN

study was a first-in-human, global, multi-center evaluation of pirto-

brutinib in patients previously treated for MCL, CLL, or other NHL

[22]. In this study, low rates of major bleeding events were reported

with pirtobrutinib, despite enrolling patients with a history of these

events and patients on concurrent antithrombotic therapy. Further-

more, prolonged treatment (≥12months) with pirtobrutinib continued

to exhibit a safety profile suitable for extended use in B-cell malig-

nancies [27]. Pirtobrutinib additionally demonstrated robust response

rates in patients with B-cell malignancies, including R/R MCL and CLL,

previously treated with a covalent BTK inhibitor [22, 28]. Here, we

report the bleeding risk in patients with B-cell malignancies from the

BRUIN study who received pirtobrutinib monotherapy in the presence

or absence of concomitant antithrombotic therapy.

2 METHODS

2.1 Study design and participants

The detailed study design and treatment were previously described

[22]. Excluding warfarin, all other ongoing treatment with select

antithrombotic agents such as direct factor Xa inhibitors, heparin anti-

coagulants, and platelet aggregation inhibitors was permitted during

the study. Patients with clinically significant uncontrolled cardiovascu-

lar diseasewere excluded aswere patients receiving current treatment

with strong CYP3A4 inhibitors or inducers.

Patients received pirtobrutinib monotherapy in either phase 1 (at

doses ranging from 25 to 300 mg once daily in 28-day cycles) or phase

2 (at the recommended dose of 200mg once daily) portion of the study

[22]. Treatment continued until disease progression, unacceptable tox-

icity, or patientwithdrawal. The safety cohort in this analysis comprised

patients who received at least one dose of pirtobrutinib monotherapy,

regardless of the type of B-cell malignancy, as of the data cutoff date of

July 29, 2022.

This trial was registeredwith ClinicalTrials.gov, NCT03740529. The

protocol was approved by the institutional review boards or indepen-

dent ethics committees overseeing each site. The studywas conducted

in accordance with the Declaration of Helsinki, Good Clinical Practice

guidelines, and local laws. All patients provided written informed

consent.

2.2 Study endpoint and definitions

Safetywasdeterminedby the frequency and severity of adverse events

(AE) graded according to the NCI CTCAE, version 5⋅0. Treatment-

emergent adverse events (TEAE) were defined as all AE reported from

the date of the first dose through 30 days (+7-day window) after the
date of the last dose or the start of subsequent anticancer therapy,

whichever occurred earlier. Serious AEs were further defined per the

International Council for Harmonisation requirements as any unto-

ward medical occurrence that resulted in death, was life-threatening,

required hospitalization or prolongation of existing hospitalization,

resulted in disability or incapacity, was a congenital anomaly or birth

defect, or was deemed an important medical event upon further

determination by the investigator.

For this post hoc analysis, the bleeding/bruising event category

included bruising and hemorrhage/hematoma subcategories, as well

as preferred terms such as hematuria, gingival bleeding, hemoptysis,

epistaxis, and other less common bleeding events. The bruising subcat-

egorywasdefined as an aggregate of contusion, petechiae, ecchymosis,

and an increased tendency to bruise. The hemorrhage/hematoma sub-

category was defined as a combination of all preferred terms including

hemorrhage or hematoma. Thrombocytopenia at baseline was defined

as platelet counts of≤100 × 109/L.

2.3 Statistical analysis

Descriptive statistics were used to summarize baseline demographic

and clinical characteristics and AE rates. The rates of bleeding events

that led to study drug dose interruption, reduction, or discontinuation

were also determined and summarized. The cumulative incidence of

bleeding events over time was estimated under the competing risks

framework [29]. In these analyses, time to the first TEAE occurrence

was measured from the date of the first dose to the TEAE onset

date, regardless of when concomitant medication was administered.

Patients still on treatmentwere censored at the data cutoff date. Going

off treatment without a TEAE was considered a competing risk, with

the date of the competing risk set to the earliest of the study exit date

(death date, withdrawal of consent date, etc.), subsequent anti-cancer

therapy date, or the date corresponding to 30 days (+7-day window)

after the last dosedate. All analyseswereperformedusing SAS, version

9.4.

3 RESULTS

3.1 Patient characteristics

From March 21, 2019, through July 29, 2022, 773 patients with B-

cell malignancies were enrolled in the BRUIN study and treated with

pirtobrutinibmonotherapy. Of these, 216 patients received pirtobruti-

nib with concomitant antithrombotic therapy (antithrombotic exposed

[AT-E] cohort), and 557 patients received pirtobrutinib without con-

comitant antithrombotic therapy (antithrombotic nonexposed [AT-NE]

cohort).

Baseline demographic and disease characteristics are summarized

in Table 1. The median age was 71.5 years (range: 43.0–95.0) for

patients in the AT-E cohort and 67.0 (range: 26.0–88.0) in the AT-NE
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TABLE 1 Patient characteristics at baseline.

Characteristics

AT-E cohort

(n= 216)

AT-NE cohort

(n= 557)

Age, median (range), years 71.5 (43.0–95.0) 67.0 (26.0–88.0)

<50 2 (0.9) 30 (5.4)

50–64 46 (21.3) 196 (35.2)

65–74 95 (44.0) 220 (39.5)

75–84 60 (27.8) 100 (18.0)

≥85 13 (6.0) 11 (2.0)

Sex, n (%)

Female 59 (27.3) 198 (35.5)

Male 157 (72.7) 359 (64.5)

ECOGPS, n (%)

0 100 (46.3) 285 (51.2)

1 102 (47.2) 241 (43.3)

2 14 (6.5) 31 (5.6)

Disease types, n (%)

CLL 97 (44.9) 214 (38.4)

MCL 43 (19.9) 123 (22.1)

WM 21 (9.7) 59 (10.6)

RT-DLBCL 20 (9.3) 62 (11.1)

FL 15 (6.9) 33 (5.9)

DLBCL 9 (4.2) 20 (3.6)

MZL 5 (2.3) 26 (4.7)

PCNSL 3 (1.4) 1 (0.2)

SLL 1 (0.5) 5 (0.9)

B-PLL 1 (0.5) 4 (0.7)

HCL 1 (0.5) 3 (0.5)

Low-grade transformation 0 5 (0.9)

LPL 0 1 (0.2)

MCL-RT 0 1 (0.2)

Baseline thrombocytopenia,

n (%)

Present 34 (15.7) 95 (17.1)

Absent 182 (84.3) 462 (82.9)

Number of previous lines of

systemic therapy, median

(range)

3 (1–12) 3 (0–13)

Distribution, n (%)

0 0 1 (0.2)

1 19 (8.8) 36 (6.5)

2 60 (27.8) 145 (26.0)

3 49 (22.7) 115 (20.6)

≥4 88 (40.7) 260 (46.7)

Previous systemic therapy,

n (%)

BTK inhibitor 166 (76.9) 431 (77.4)

Chemotherapy 178 (82.4) 490 (88.0)

(Continues)

TABLE 1 (Continued)

Characteristics

AT-E cohort

(n= 216)

AT-NE cohort

(n= 557)

Anti-CD20 antibody 196 (90.7) 527 (94.6)

Anti-CD20 antibody plus

chemotherapy

174 (80.6) 482 (86.5)

BCL2 inhibitor 59 (27.3) 169 (30.3)

PI3K agent 33 (15.3) 93 (16.7)

Immunomodulator 35 (16.2) 65 (11.7)

CAR T-cell therapy 12 (5.6) 43 (7.7)

Stem cell transplant 15 (6.9) 60 (10.8)

Autologous 12 (5.6) 47 (8.4)

Allogeneic 3 (1.4) 18 (3.2)

Other systemic therapy 63 (29.2) 150 (26.9)

Number of previous lines of

BTK inhibitor therapy, median

(range)

1 (0–5.0) 1 (0–7.0)

0 50 (23.1) 126 (22.6)

1 137 (63.4) 341 (61.2)

2 23 (10.6) 76 (13.6)

≥3 6 (2.8) 14 (2.5)

Reason for discontinuation of

any previous BTK inhibitora

Disease progression 120 (72.3) 348 (80.7)

Toxicity 34 (20.5) 61 (14.2)

Other 12 (7.2) 16 (3.7)

Missing 0 6 (1.4)

Abbreviations: AT-E, antithrombotic exposed; AT-NE, antithrombotic non-

exposed; B-PLL, B-cell prolymphocytic leukemia; BTK, Bruton tyrosine

kinase; CAR-T, chimeric antigen receptor – T-cell therapy; CD20, cluster

of differentiate 20; CLL, chronic lymphocytic leukemia; DLBCL, diffuse

large B-cell lymphoma; ECOG PS, Eastern Cooperative Oncology Group

performance status; FL, follicular lymphoma; HCL, hairy cell leukemia;

LPL, lymphoplasmacytic lymphoma; MCL, mantle cell lymphoma; MCL-RT

mantle cell lymphoma-radiation therapy; MZL, marginal zone lymphoma;

PCNSL, primary central nervous system lymphoma; PI3K, phosphoinositide

3-kinase;RT-DLBCL,Richter transformation-diffuse largeB-cell lymphoma;

SLL, small lymphocytic lymphoma;WM,Waldenström’smacroglobulinemia.
aIn the event that more than one reason for discontinuation was noted,

disease progression took priority, followed by toxicity, and then other

reasons.

cohort; most patients in both cohorts were male (72.7% and 64.5%,

respectively). CLL was the most common disease type, with 44.5% in

the AT-E cohort and 38.4% in the AT-NE cohort, followed by MCL

(19.9% and 22.1%, respectively) andWaldenströmmacroglobulinemia

(9.7% and 10.6%, respectively). At baseline, thrombocytopenia was

present in 34 patients (15.7%) in the AT-E cohort and 95 patients

(17.1%) in the AT-NE cohort.

Among the 216 patients in the AT-E cohort, the median number

of previous lines of systemic therapy was 3 (range: 1–12) and 166

patients (76.9%) had received a previous BTK inhibitor, 196 (90.7%)

an anti-CD20 antibody, 178 (82.4%) chemotherapy, and 174 (80.6%)
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an anti-CD20 antibody plus chemotherapy. Among the 557 patients in

the AT-NE cohort, the median number of previous lines of therapy was

3 (range: 0–13) and 431 patients (77.4%) had received a previous BTK

inhibitor, 527 (94.6%) an anti-CD20 antibody, 490 (88.0%) chemother-

apy, and 482 (86.5%) an anti-CD20 antibody plus chemotherapy. Most

patients in both cohorts had discontinued a previous BTK inhibitor due

to disease progression (AT-E cohort: 120/166 [72.3%]; AT-NE cohort:

348/431 [80.7%]), or due to toxicity (AT-E cohort: 34/166 [20.5%]; AT-

NEcohort: 61/431 [14.2%]). Therewere fivepatients (2.3%) in theAT-E

cohort and four patients (0.7%) in the AT-NE cohort who discontinued

a prior BTK inhibitor therapy due to a bleeding-related toxicity.

The majority of patients received the recommended phase 2 dose

of pirtobrutinib, 200mg once daily, as their starting dose (AT-E cohort:

90.3%, n= 195; AT-NE cohort: 88.5%, n= 493). In the AT-E cohort, the

median time on pirtobrutinib treatment was 10.6 months (range, 0.3–

37.4), and 86 patients (39.8%) were still receiving pirtobrutinib at data

cutoff. In theAT-NEcohort, themedian timeonpirtobrutinib treatment

was 9.3months (range,<0.1–39.9), and 223 patients (40.0%) were still

receiving pirtobrutinib at data cutoff. The primary reason for pirto-

brutinib discontinuationwas progressive disease in both cohorts (AT-E

cohort: 82/216 [38.0%]; AT-NE cohort: 229/557 [41.1%]).

Patients in the AT-E cohort received a wide range of antithrom-

botic agents (Table 2); 60.2% started antithrombotic therapy before

pirtobrutinib, 30.1% on the same day as pirtobrutinib or after start-

ing pirtobrutinib, and 9.7%were unknown. Among patients in the AT-E

cohort, 51.9% of patients (n = 112) received a platelet aggregation

inhibitor, 36.6% (n=79) a direct factor Xa inhibitor, 18.5% (n=40) hep-

arins, 5.6% (n = 12) salicylic acid or derivatives for indications besides

platelet aggregation inhibition including pain management, fever, and

other uses, and 2.3% (n = 5) thrombolytics. Among the five patients

who received thrombolytics, three appeared to have been for the pre-

vention or treatment of central venous catheter occlusions and two

were for unknown reasons. The median duration of antithrombotic

therapy with complete start and end dates at the time of data cutoff

was 6.4 months (interquartile range [IQR]: 0.3–25.5). Some patients

(19.0%) had received more than 1 type of antithrombotic agent dur-

ing the study. Of these patients, 63.4% took 2 or more antithrombotic

therapies simultaneously.

3.2 Overview of bleeding/bruising events

Any grade bleeding/bruising TEAEwas reported in 97 patients (44.9%;

95% CI, 38.3–51.5) and 181 patients (32.5%; 95% CI, 28.6–36.4)

in the AT-E and AT-NE cohorts, respectively (Table 3). The majority

of bleeding/bruising events in both cohorts began within the first 6

months of treatment (AT-E: 65.4%;AT-NE: 72.5%).Most (>95%) bleed-

ing/bruising events in both cohorts were grade ≤2. In the AT-E cohort,

six patients (2.8%) had a grade 3 bleeding/bruising event. Of these,

two patients had a grade 3 bleeding/bruising event deemed related

to pirtobrutinib by investigators: upper gastrointestinal bleeding and a

hemarthrosis after a knee injury (1 each). Nopatients had a grade4or 5

bleeding/bruising event in the AT-E cohort. In the AT-NE cohort, grade

TABLE 2 Concomitant antithrombotic therapy.

Agents Patients, n (%)a

Platelet aggregation inhibitors 112 (51.9)

Acetylsalicylic acid 105 (48.6)

Clopidogrel 7 (3.2)

Ticagrelor 2 (0.9)

Dipyridamole 1 (0.5)

Prasugrel 1 (0.5)

Direct factor Xa inhibitors 79 (36.6)

Apixaban 56 (25.9)

Rivaroxaban 22 (10.2)

Edoxaban 4 (1.9)

Heparins 40 (18.5)

Enoxaparin 29 (13.4)

Heparin 15 (6.9)

Dalteparin 1 (0.5)

Sulodexide 1 (0.5)

Salicylic acid and derivatives 12 (5.6)

Acetylsalicylic acidb 12 (5.6)

Thrombolytics 5 (2.3)

Alteplasec 5 (2.3)

aPatients may have received more than one type/subtype of concomitant

antithrombotic therapy.
bPatients were taking salicylic acid and derivatives for indications besides

platelet aggregation inhibition including painmanagement, fever, and other

uses.
cAmong the five patients who received thrombolytics, three appeared

to have been for prevention or treatment of central venous catheter

occlusions and twowere for unknown reasons.

≥3 bleeding/bruising events occurred in 11 patients (2%), including

10 patients with grade 3 events, and 1 patient with a grade 5 bleed-

ing/bruising event (hemorrhage due to a fall at home and considered

unrelated to pirtobrutinib by investigators). Of these, four patients had

a grade 3 bleeding/bruising event deemed related to pirtobrutinib by

investigators: hematoma (n = 2), upper gastrointestinal hemorrhage

(n= 1), and pulmonary hemorrhage (n= 1).

Specific to the bruising subcategory, 60 patients (27.8%; 95% CI:

21.8–33.8) in the AT-E cohort and 123 patients (22.1%; 95% CI: 18.6–

25.5) in the AT-NE cohort reported bruising events (all events were

grade 1 and 2). Specific to the hemorrhage/hematoma subcategory, 34

patients (15.7%; 95% CI: 10.9–20.6) and 54 patients (9.7%; 95% CI:

7.2–12.2) in theAT-E andAT-NE cohorts reported events, respectively.

Four patients (1.9%) in the AT-E cohort and 10 patients (1.8%) in the

AT-NE cohort experienced grade≥3 hemorrhage/hematoma.

Treatment-emergent all-cause and pirtobrutinib treatment-related

bleeding/bruising events are summarized in Table 4. In the AT-E

cohort, the most common bleeding/bruising events, regardless of

attribution included contusion (22.7%), hematuria (5.6%), epistaxis

(5.1%), petechiae (3.7%), and hematoma (3.2%). Similarly, in the AT-NE

cohort, the most common bleeding/bruising events, regardless of
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TABLE 3 Overview of bleeding/bruising treatment-emergent
adverse events.

Patient-level summary

AT-E cohort

(n= 216)

AT-NE cohort

(n= 557)

Bleeding/bruising, n (%)

Any grade 97 (44.9) 181 (32.5)

Grade≥3 6 (2.8) 11 (2.0)

Serious bleeding/bruising, n (%) 6 (2.8) 10 (1.8)

Bleeding/bruising requiring

Dose interruption, n (%) 8 (3.7) 14 (2.5)

Dose reduction, n (%) 0 1 (0.2)

Dose discontinuation, n (%) 0 0

Hospitalizationa, n (%) 5 (2.3) 9 (1.6)

Median time to first onset of

bleeding/bruising, weeks (IQR)

8.1 (2.6–24.0) 4.1 (1.3–16.1)

Event-level summary

Total number of bleeding/bruising

events

157 296

Recovered/resolved, n (%) 90 (57.3) 164 (55.4)

With treatment 10 (6.4) 17 (5.7)

Without treatment 80 (51.0) 147 (49.7)

Median durationb, weeks (IQR) 2.1 (0.6–4.3) 4.0 (1.1–7.9)

Abbreviations: AT-E, antithrombotic exposed; AT-NE, antithrombotic non-

exposed; IQR, interquartile range.
aIncluding prolonged hospitalization.
bDuration was calculated for 88 and 159 recovered/resolved adverse

events with nonmissing end dates for the AT-E cohort and AT-NE cohorts,

respectively.

attribution, were contusion (18.1%), epistaxis (3.4%), and petechiae

(4.8%). Notably, contusion was also the most frequent treatment-

related bleeding/bruising event in both cohorts (AT-E: 14.4%; AT-NE:

12.2%).

In the AT-E cohort, the first onset of most bleeding/bruising events

occurred in the first 6months of pirtobrutinib treatment, with the esti-

mated cumulative incidence at 6, 12, 18, and 24 months being 34.9%,

41.2%, 44.3%, and 47.1%, respectively. Similarly, in the AT-NE cohort,

the estimated cumulative incidence at 6, 12, 18, and 24 months was

28.2%, 31.0%, 32.2%, and 33.0%, respectively. Cumulative incidence

of bleeding/bruising events by AT-E and AT-NE cohorts is presented in

Figure 1.

In theAT-E cohort (n=216), 157 individual bleeding/bruising events

were reported in 97 patients (Table 3). Among those with events,

the median time to first onset was 8.1 weeks (IQR: 2.6–24.0). Of the

157 individual bleeding/bruising events, 90 (57.3%) had recovered

or resolved by the data cutoff, and the median duration of a recov-

ered or resolved event was 2.1 weeks (IQR: 0.6–4.3). Eight patients

(3.7%) experienced bleeding/bruising events requiring a temporary

pirtobrutinib dose interruption, and 5 patients (2.3%) had events

requiringor prolonginghospitalization.A summaryof patientswithpir-

tobrutinib treatment-related bleeding/bruising events can be found in

Table S1. No bleeding/bruising events led to dose reduction or perma-

nent discontinuation of pirtobrutinib.

In the AT-NE cohort (n = 557), a total of 296 individual bleed-

ing/bruising events were reported in 181 patients with a median time

to first onset of 4.1 weeks (IQR: 1.3–16.1). Of the 296 individual

bleeding/bruising events, 164 (55.4%) had recovered or resolved by

the data cutoff, and the median duration of a recovered or resolved

event was 4.0 weeks (IQR: 1.1–7.9). Bleeding/bruising events requir-

ing pirtobrutinib dose interruption occurred in 14 patients (2.5%), 1

(0.2%) patient had an event leading to pirtobrutinib dose reduction,

and 9 patients (1.6%) had events requiring or prolonging hospitaliza-

tion. Table S1 presents an overview of pirtobrutinib treatment-related

bleeding/bruising events.

3.3 Bleeding/bruising events by antithrombotic
therapy

The distribution of bleeding/bruising events by individual antithrom-

botic agents is presented in Table 5. Bleeding/bruising events of any

grade were observed in 46.8% of patients who received direct fac-

tor Xa inhibitors, 55.0% who received heparins, 43.8% who received

platelet aggregation inhibitors, 33.3% who received salicylic acid and

its derivatives (for indications besides platelet aggregation inhibition

including pain management, fever, and other uses), and 60%who were

administered thrombolytics.

In the subcategory of bruising, contusion was the most frequent

AE, reported in 25 (22.3%), 18 (22.8%), 10 (25%), and 2 (16.7%) of the

patients who received platelet aggregation inhibitors, direct factor Xa

inhibitors, heparins, and salicylic acid and derivatives, respectively.

Any-grade hemorrhage/hematoma occurred in 13 patients (16.5%)

who received direct factor Xa inhibitors, 10 patients (25%) who

received heparins, and 18 patients (16.1%) who received platelet

aggregation inhibitors. Upper gastrointestinal hemorrhage was

observed in three patients who received platelet aggregation

inhibitors, including two patients who had grade≥3 events.

Pirtobrutinib treatment-related bleeding/bruising events by

antithrombotic therapy are summarized in Table S2. Bleeding/bruising

events by baseline thrombocytopenia status are summarized in

Table S3.

4 DISCUSSION

The current post hoc analysis assessed the safety profile of pirtobru-

tinib with respect to bleeding risk in patients with B-cell malignancies

in the presence or absence of concomitant antithrombotic ther-

apy. Overall, bleeding/bruising events were mostly low-grade, with

grade 3 events occurring in fewer than 3% of patients treated

with pirtobrutinib. As expected, bleeding/bruising events were

higher (44.9% vs. 32.5%) among patients who received concomitant

antithrombotic therapy; however, no grade 4–5 bleeding/bruising

events were reported in patients who received concomitant
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F IGURE 1 Cumulative incidence curves for bleeding/bruising events (A), and subcategories of bruising (B) and hemorrhage/hematoma (C).
AT-E, antithrombotic exposed; AT-NE, antithrombotic nonexposed.

antithrombotic therapy. Bleeding/bruising events that required or

prolonged hospitalization were uncommon in both cohorts, occur-

ring in 2.3% and 1.6% of patients in the AT-E and AT-NE cohorts,

respectively. In contrast, a similar study assessing the safety of ibru-

tinib when co-administered with anticoagulants reported a 2.5-fold

higher risk of bleeding among patients treated with ibrutinib and

concurrent anticoagulant use compared with those treated with

ibrutinib alone [30].

The differential impact of noncovalent versus covalent BTK

inhibitors on hemostasis is noteworthy as another potential mecha-

nism behind bleeding with different BTK inhibitors. A recent study

suggests that the reversible nature of pirtobrutinib can facilitate sub-

sequent recovery of platelet function that might contribute to the low

rates of hemorrhagic AEs [31]. Covalent BTK inhibitors irreversibly

block BTK by modifying a cysteine in its ATP-binding pocket. Recov-

ery of platelet function from inhibition by covalent BTK inhibitors is

dependentonplatelet turnover,whichhas ahalf-life of approximately7

to 10 days [31]. Pirtobrutinib also targets the ATP binding pocket, but,

in contrast, binds noncovalently to BTK and is reversible, so restora-

tion of normal platelet function may be more likely determined by

drug washout rather than platelet turnover [21, 22]. Although these

observations generate a hypothesis with some evidence related to the

differential effect of pirtobrutinib on platelet function as compared

with covalent BTK inhibitors and associated bleeding risks, further

studies are still warranted.

Regardless of concomitant antithrombotic therapy type and

increased risk of bleeding/bruising with their use, patients experi-

enced few bleeding/bruising events that resulted in hospitalization,

treatment modification (dose reduction or interruption), or perma-

nent discontinuation. These data represent the potential to improve

tolerability and adherence for patients with risk factors associ-

ated with excessive bleeding and/or who require antithrombotic

therapy to utilize BTK inhibitor therapy in the treatment of B-cell

cancers.

This analysis has some important limitations. Although the study

population receivedawidearrayof concomitant antithrombotic agents

while on pirtobrutinib treatment, not all agents used in everyday

clinical practice were represented among patient data and the num-

ber of patients was small for some subgroups. Information regarding

whether the antithrombotic drugs received by patients were consid-

ered prophylactic or therapeutic was not fully available. Missing dates

prevented the complete evaluation of bleeding/bruising risk during

intervals of concomitant antithrombotic therapy, so analyses could

only be performed in patients who received antithrombotic therapy

at any time, regardless of when the bleeding/bruising events occurred

before, during, or after antithrombotic therapy. Furthermore, deter-

mining the association of bleeding/bruising events with the use of

antithrombotic agents is challenging especially if multiple concomi-

tant medications were used. It is also worth noting that while some

patients may have had disease-associated bleeding disorders, these

were not documented or systematically collected except for 1 patient

withWaldenström’smacroglobulinemiawho had a documented bleed-

ing disorder in this study. Additional follow-up is required to assess

the long-term safety of patients and the interactions between BTK

inhibitors and specific antithrombotic agent classes and their potential

impact on bleeding risks.

Available covalent BTK inhibitors may increase the risk of bleed-

ing/bruising events due to on and off-target effects. Pirtobrutinib is a

potent and highly selective noncovalent (reversible) BTK inhibitor, and

the findings presented here support the safety and manageability of

the risk of bleeding in patients with B-cell malignancies who require

concomitant antithrombotic therapy.
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