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Abstract:
Marginal zone lymphoma (MZL) is a group of indolent B-cell malignancies that have a natural history
that follows a remitting and relapsing course. For systemic disease, available first-line therapies
include anti-CD20 antibody as monotherapy with or in combination with chemotherapy
(chemoimmunotherapy), with second-line options such as covalent (c) Bruton tyrosine kinase
inhibitors (BTKi). However, management of relapsed and refractory (R/R) MZL remains a challenge.
Pirtobrutinib, a highly selective, non-covalent BTKi has shown promising efficacy and tolerability
in patients with poor-prognosis B-cell malignancies following prior therapy, including cBTKi. Here
we report the safety and efficacy of pirtobrutinib in patients with MZL from the phase 1/2 BRUIN
study. Endpoints included investigator assessed ORR by Lugano 2014 criteria, DOR, PFS, OS, and
safety. Among 36 R/R MZL patients (EMZL: n=6; NMZL: n=17; SMZL: n=13), median age was 68 years
(range, 22-83) and median prior lines of therapy were 3 (range, 2-10) including anti-CD-20 antibody
(100%), chemotherapy (86%) and cBTKi therapy (72%). The ORR was 55.6% (95% confidence interval
[CI], 38.1- 72.1) including 3 (8.3%) complete responses and 17 (47.2%) partial responses. Median
DOR was 17.8 months (95%CI, 7.4-non-estimable [NE]), and median PFS was 16.6 months (95%CI, 9.0-
22.1). With median follow-up of 32.4 months (IQR, 28.0, 41.3), median OS was NE (95%CI, 29.5-NE).
The ORR for patients with prior cBTKi therapy was 53.8% (95%CI, 33.4-73.4). Pirtobrutinib was well-
tolerated with dose reductions in 4 patients (11.1%) and permanent discontinuation due to TEAEs in
4 (11.1%). Pirtobrutinib showed promising efficacy and safety in patients with heavily pre-treated
R/R MZL, including prior cBTKi. NCT03740529
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KEY POINTS  52 

  53 

 Pirtobrutinib appears to offer clinical benefit in R/R MZL, with ORR of 55.6% and 54 

median DOR of 17.8 months. 55 

 Pirtobrutinib shows a favourable safety profile in R/R MZL, with low rates of dose 56 

reduction (11.1%) and discontinuation (11.1%) due to AEs. 57 

  58 
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Abstract  59 

Marginal zone lymphoma (MZL) is a group of indolent B-cell malignancies that have a 60 

natural history that follows a remitting and relapsing course. For systemic disease, available 61 

first-line therapies include anti-CD20 antibody as monotherapy with or in combination with 62 

chemotherapy (chemoimmunotherapy), with second-line options such as covalent (c) Bruton 63 

tyrosine kinase inhibitors (BTKi). However, management of relapsed and refractory (R/R) 64 

MZL remains a challenge. Pirtobrutinib, a highly selective, non-covalent BTKi has shown 65 

promising efficacy and tolerability in patients with poor-prognosis B-cell malignancies 66 

following prior therapy, including cBTKi. Here we report the safety and efficacy of 67 

pirtobrutinib in patients with MZL from the phase 1/2 BRUIN study. Endpoints included 68 

investigator assessed ORR by Lugano 2014 criteria, DOR, PFS, OS, and safety. Among 36 69 

R/R MZL patients (EMZL: n=6; NMZL: n=17; SMZL: n=13), median age was 68 years 70 

(range, 22-83) and median prior lines of therapy were 3 (range, 2-10) including anti-CD-20 71 

antibody (100%), chemotherapy (86%) and cBTKi therapy (72%). The ORR was 55.6% 72 

(95% confidence interval [CI], 38.1- 72.1) including 3 (8.3%) complete responses and 17 73 

(47.2%) partial responses. Median DOR was 17.8 months (95%CI, 7.4-non-estimable [NE]), 74 

and median PFS was 16.6 months (95%CI, 9.0-22.1). With median follow-up of 32.4 months 75 

(IQR, 28.0, 41.3), median OS was NE (95%CI, 29.5-NE). The ORR for patients with prior 76 

cBTKi therapy was 53.8% (95%CI, 33.4-73.4). Pirtobrutinib was well-tolerated with dose 77 

reductions in 4 patients (11.1%) and permanent discontinuation due to TEAEs in 4 (11.1%). 78 

Pirtobrutinib showed promising efficacy and safety in patients with heavily pre-treated R/R 79 

MZL, including prior cBTKi. NCT0374052980 
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Introduction  81 

Marginal zone lymphoma (MZL) is an indolent non-Hodgkin lymphoma (NHL) accounting for 82 

approximately 7% of all NHL cases 1. It is thought to originate from B cells of the post-83 

germinal center marginal zone that may be associated with an underlying infectious etiology, 84 

subsequent induction of B-cell receptor signaling and consequently abnormal cell 85 

proliferation and survival 2,3.  Key subtypes of MZL include extranodal MZL (EMZL), such as 86 

mucosa associated lymphoid tissue (MALT lymphoma), that accounts for approximately two-87 

thirds of all cases, splenic MZL (SMZL) which accounts for ~20% and nodal MZL (NMZL), 88 

which accounts for <10% of all cases 4.  89 

 90 

While prognosis can vary between subtypes, favorable outcomes can be achieved for most 91 

patients with systemic treatment 5. First-line systemic treatment options across MZL 92 

subtypes typically include rituximab monotherapy or rituximab in combination with 93 

chemotherapy 6-8. An objective response rate (ORR) of 82% has been reported among 94 

patients with previously untreated MZL utilising the immunochemotherapy approach 9. 95 

Despite most patients achieving long durations of disease control with initial treatments, the 96 

majority will relapse, and there are limited treatment regimens for subsequent lines of 97 

treatment, and options become reduced 5,10,11.   98 

 99 

In recent years, novel agents like cBTKi have a growing role in the management of B-cell 100 

malignancies, especially in chronic lymphocytic leukemia (CLL) and mantle cell lymphoma 101 

(MCL)12,13. In the R/R MZL setting immunomodulators such as lenalidomide and cBTKi such 102 

as zanubrutinib,  acalabrutinib, and ibrutinib, have increasingly been used with success 5. 103 

Results from the AUGMENT study showed that a combination of lenalidomide and rituximab 104 

had promising efficacy in patients with R/R MZL (ORR of 65%, CR of 29% and median PFS 105 

as assessed by IRC of 20.2 months) 14. In a BTKi naïve population, monotherapy with 106 

zanubrutinib resulted in IRC-assessed ORR of 68.2% (25.8% CR) 15, whereas treatment with 107 
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acalabrutinib and ibrutinib resulted in ORR of 52.5% (12.5% CR) 16 and 48% (3% CR) 17 , 108 

respectively. cBTKi have not been curative, and acquired mutations that confer resistance to 109 

BTKi or intolerance to these agents pose a challenge for the subsequent treatment with 110 

other BTKi agents in R/R MZL patients 18,19. Limited data exist in the post cBTKi setting with 111 

trials excluding patients previously exposed to cBTKi 15 but existing data suggest poor 112 

outcomes 20. In a phase 2 trial of axicabtagene ciloleucel, a CAR T-cell therapy, in patients 113 

with R/R indolent NHL, with a median follow-up of 64.6 months, the median DOR was not 114 

reached and the 60-month DOR rate was 60.0% in the MZL cohort (n=31) 21. While CAR T 115 

therapy can demonstrate durable responses in a MZL population, the treatment can be 116 

challenging to administer, and data is lacking in the post-BTKi setting and has not received 117 

regulatory approval.  Due to the lack of studies in post cBTKi patients with R/R MZL and the 118 

need for treatment options for patients that relapse, there remains a clear need to investigate 119 

other therapies for these patients with the aim of improving patient outcomes in the R/R 120 

setting. 121 

 122 

Pirtobrutinib, a highly selective, non-covalent (reversible) BTKi, that inhibits both wildtype 123 

and C481-mutant BTK with equal low nM potency, has favorable oral pharmacology that 124 

enables continuous BTK inhibition throughout the once-daily dosing interval 22. In results 125 

from the phase 1/2 BRUIN study, pirtobrutinib demonstrated promising efficacy and 126 

tolerability in heavily pretreated patients with poor-prognosis B-cell malignancies, including 127 

those treated with a prior cBTKi 23,24. These data led to the approvals of pirtobrutinib in the 128 

US and EU in CLL/SLL and MCL 25-27. Here we report the safety and efficacy of pirtobrutinib 129 

in 36 patients with MZL from the BRUIN phase 1/2 study. 130 

  
131 
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Methods 132 

Study design 133 

Patients assigned by study phase and B-cell malignancy are shown in Figure S1. Doses 134 

ranging from 25 to 300 mg once daily were explored in phase 1 of this trial with patients in 135 

the R/R MZL cohort treated in either dose escalation or dose expansion portions. Two 136 

patients in the phase I portion of the study received 100 mg and 250 mg daily. The 137 

recommended phase 2 dose (RP2D) of 200 mg once daily used in the phase 2 part of this 138 

trial was received by 34 patients. Treatment was administered until disease progression, 139 

discontinuation because of toxicity, or patient/physician decision to withdraw. Patients with 140 

disease progression were permitted to continue pirtobrutinib treatment at the investigator’s 141 

discretion if clinical benefit was experienced. The trial protocol was approved by the 142 

institutional review boards overseeing each participating site. The trial was conducted in 143 

accordance with the Declaration of Helsinki, Good Clinical Practice guidelines, and local 144 

laws. All patients provided written informed consent. This trial was registered with 145 

ClinicalTrials.gov (NCT03740529). 146 

 147 

Patients  148 

The eligibility criteria for the complete patient cohort enrolled in the phase 1/2 BRUIN trial 149 

have previously been described 22. Patients in the MZL cohort were ≥18 years of age, with 150 

an Eastern Cooperative Oncology Group Performance Status (ECOG PS) score of 0-2, had 151 

R/R disease and had histologically confirmed active MZL. There was no limit on prior lines of 152 

therapy. Patients who had received prior cBTKi-containing regimens were eligible for this 153 

study.   154 

 155 

Pirtobrutinib was administered to patients in oral tablet form at the assigned dose. Dosing 156 

was at a consistent time each day. Cycle length was 28 days.  Disease evaluations were 157 

carried out every 8 weeks in the first year, every 12 weeks in the second year and every 6 158 
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months thereafter. Peripheral blood and bone marrow biopsies were collected and used to 159 

assess response.  160 

 161 

Outcomes 162 

Efficacy endpoints for patients with MZL as evaluated by investigators were overall response 163 

rate (ORR), duration of response (DOR), and progression-free survival (PFS). Overall 164 

survival (OS) was also assessed. ORR was determined according to the Lugano 2014 165 

Treatment Response Criteria including evaluation of complete response (CR), partial 166 

response (PR), stable disease (SD) and progressive disease (PD) 28. DOR was calculated 167 

for patients who achieved a response of PR or better. For such patients, DOR is defined 168 

from the start date of the first documented response to the earlier of the documentation of 169 

definitive PD or death from any cause. PFS was measured from the treatment start date until 170 

the first date of progression or death from any cause. Patients without progression or death 171 

were censored at the last adequate disease assessment, and those who started a 172 

subsequent anticancer therapy prior to progression or death were censored at the last 173 

adequate disease assessment before the start of subsequent anticancer therapy. OS was 174 

measured from treatment start date until death from any cause.  Patients who were alive and 175 

lost to follow up were censored at the date last known alive. 176 

Treatment emergent adverse events (TEAE) were defined as any reported adverse event 177 

(AE) reported from the date of the first dose through the last dose date plus 37 days or start 178 

of subsequent anticancer therapy, whichever was earlier. Frequency and severity of TEAEs 179 

were evaluated and graded according to the NCI Common Terminology Criteria for Adverse 180 

events (AE), Version 5.0 (CTCAE v5.0). The reported AE term is coded using version 26.0 of 181 

the Medical Dictionary for Regulatory Activities.  182 

 183 
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Statistical analyses 184 

The data cut-off was Jan 27, 2025. Descriptive statistics were used to summarize patient 185 

baseline demographics, disease characteristics, best overall response (BOR) and safety 186 

data. ORR was estimated with an exact, 2-sided 95% confidence interval (CI). The Kaplan-187 

Meier method was used to estimate distributions of DOR, PFS, and OS. All analyses were 188 

conducted using SAS Version 9.4.  189 

Results  190 

Patients  191 

A total of 36 patients were enrolled to the MZL cohort. Baseline patient and disease 192 

characteristics are described in Table 1.  Patients had a median age of 68 years (range, 22-193 

83). Over half of the patients were female (56%, n=20), and median prior lines of systemic 194 

therapy were 3 (range 2-10). The majority of the patients had NMZL subtype (47%, n=17), 195 

followed by SMZL (36%, n=13), and EMZL (17%, n=6). More than half of the patients at the 196 

time of study enrollment were in the high-risk MALT-IPI group (53%, n=19), 10 (28%) were 197 

intermediate, 1 (3%) was low, and missing in 6 (17%) patients. Baseline LDH was elevated 198 

in 15 (42%) patients and hemoglobin was <12 g/dL in 29 (81%) patients. All 36 MZL patients 199 

were previously treated with an anti-CD20 antibody, and 31 (86%) patients had received 200 

prior chemotherapy. Of the 26 patients (72%) with MZL who received a prior cBTKi, 20 201 

patients (77%) discontinued due to progressive disease (PD) and 6 (23%) discontinued due 202 

to toxicity/other reasons.  203 

 204 

Efficacy  205 

The ORR among all patients with MZL was 55.6% (95% CI, 38.1- 72.1) (Figure 1), including 206 

3 (8.3%) complete responses and 17 (47.2%) partial responses. The ORR in patients with 207 

EMZL, NMZL, and SMZL were 66.7% (n=4/6, 95%CI, 22.3-95.7), 64.7% (n=11/17, 95%CI, 208 
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38.3-85.8), and 38.5% (n=5/13, 95%CI, 13.9-68.4), respectively. The ORR for MZL patients 209 

with prior cBTKi therapy was 53.8% (n=14/26; 95%CI, 33.4-73.4). The ORR for patients who 210 

had discontinued prior cBTKi treatment due to disease progression and toxicity/other 211 

reasons were 45.0% (n=9/20; 95% CI, 23.1-68.5) and 83.3% (n=5/6; 95% CI, 35.9-99.6), 212 

respectively (Figure 1). 213 

As shown in the waterfall plot (Figure 2) among patients with baseline and post-baseline 214 

tumor assessment (n=29), 79.3% (n=23) of patients achieved a reduction in sum of product 215 

of tumor diameters from baseline, with similar reduction observed in cBTKi naive patients 216 

(77.8% [n=7/9]) and patients previously treated with cBTKi (80% [n=16/20]) (Figure 2).  217 

Among responding patients, the median time to response was 1.9 months (range, 1.6-19.3), 218 

corresponding to the timing of the initial response assessment (Figure S3).  The median 219 

DOR was 17.8 months (95%CI, 7.4-non-estimable [NE]) with a median follow-up time of 25.8 220 

months. The 24-month DOR of 46.6% (95% CI, 22.3-67.9) (Figure 3a). Among patients 221 

previously treated with cBTKi (n=14), the median DOR was 9.1 months (95% CI, 3.8-NE) 222 

(Figure 4a). 223 

The median PFS for the whole cohort was 16.6 months (95%CI, 9.0-22.1) with a median 224 

follow up of 27.7 months, and PFS rate of 32.3% at 24 months (95% CI, 16.3-49.5) (Figure 225 

3b). The median PFS of EMZL, NMZL and SMZL subtypes, respectively, was NE (95% CI, 226 

7.43-NE), 11.1 months (95% CI, 4.0-NE), and 16.6 months (95% CI, 1.9-22.1) (Figure S2). 227 

The median PFS in patients with prior cBTKi treatment was 10.8 months (95% CI, 5.9-19.4) 228 

(Figure 4b). For patients who had discontinued prior cBTKi treatment due to disease 229 

progression (20 patients) and toxicity/other reasons (6 patients), the median PFS was 9.17 230 

months (95% CI 5.32, 16.59) and 19.38 (95% CI, 8.97, NE) respectively (Figure S4).  231 

The median OS for the whole cohort was NE (95%CI, 29.5-NE) with a median follow-up of 232 

32.4 months. The 24-month OS rate was 77.0% (95%CI, 59.3-87.8 (Figure 3c). In patients 233 

previously treated with a cBTKi, the median OS was also NE (95%CI, 29.5-NE) (Figure 4c). 234 
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Safety 235 

Median time on treatment was 15.4 months (range, 1.1-61.6), with 8 (22.2%) patients still 236 

receiving pirtobrutinib at the time of the data cut-off. Fifteen (41.7%) of patients discontinued 237 

the study, and 6 (16.7%) patients completed the study follow-up at the time of the data cut.  238 

TEAEs were experienced by 35 patients (97.2%). The most frequent TEAEs, treatment 239 

related AE (TRAE) and AEs of interest are shown in Table 3. The most common any grade 240 

TEAEs regardless of attribution were diarrhea (44.4%, n=16), fatigue (33.3%, n=12), 241 

neutropenia/neutrophil count decreased (36.1%, n=13), anemia (33.3%, n=12), and dyspnea 242 

(30.6%, n=11). Grade ≥3 TEAEs were experienced by 23 (63.9%) MZL patients. The most 243 

frequent grade ≥3 TEAEs were neutropenia/neutrophil count decreased (33.3%, n=12), 244 

anemia (16.7%, n=6),   infections (13.9%, n=5), and platelet count decrease (11.1%, n=4).  245 

A total of 4 (11.1%) patients had an AE that required dose reduction, and 4 (11.1%) patients 246 

discontinued treatment due to an AE. Two (5.6%) patients discontinued pirtobrutinib due to a 247 

treatment-related AE (diarrhea in one patient, and neutropenia and platelet count decreased 248 

in the other), and neither had received a prior BTKi. The 2 patients who discontinued due to 249 

an unrelated AE had received a prior BTKi and both had discontinued prior BTKi due to 250 

disease progression. No fatal TEAEs were observed. 251 

AEs commonly associated with cBTKi therapy such as hemorrhage/hematoma, arthralgia, 252 

rash and bruising of any grade occurred in 13.9% (n=5), 19.4% (n=7), 27.8% (n=10) and 253 

30.6% (n=11) of patients, respectively. Grade ≥3 hemorrhage/hematoma, arthralgia, rash, 254 

and bruising were not observed. Any grade hypertension (8.3%, n=3) was infrequent. No 255 

atrial fibrillation/flutter were observed.  256 

Discussion 257 

Available treatments can help maintain long-term disease control in patients with MZL; 258 

however, most will likely relapse, leaving limited options for subsequent treatments 5,10,11. 259 
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Immunomodulators like lenalidomide have demonstrated promise and have been included in 260 

treatment guidelines29. The AUGMENT study showed promising efficacy of combining 261 

lenalidomide and rituximab, which resulted in an ORR of 65% in patients with R/R MZL14. 262 

Zanubrutinib, ibrutinib, and acalabrutinib were extensively studied in BTKi naïve MZL 263 

settings (both R/R and treatment naïve), and demonstrated activity (ORR range, 48%-264 

74.2%) 15-17,19,30. For example, acalabrutinib in the treatment of R/R MZL resulted in ORR of 265 

52.5% [95% CI, 36.1%–68.5%) and PFS of 27.4 months (95% CI, 11.1 months–NE)16, in a 266 

BTKi-naive population. As a result, lenalidomide and BTKi-based treatments have been 267 

included in the treatment guidelines as second-line and subsequent therapies 31. 268 

However, outcomes after cBTKi treatment have been poor 32, and highly efficacious and 269 

well-tolerated treatment options for relapsed patients in this specific setting are lacking. 270 

CAR-T cell therapy, which is included in the treatment guidelines as an option post-cBTKi31, 271 

has demonstrated durable responses with a 60-month DOR rate of 60.0% in patients in R/R 272 

MZL21. However, CAR-T therapies are not well suited for many patients and have not yet 273 

been approved by the regulatory authorities; thus, they are not yet widely available, and data 274 

in a post-BTKi setting are lacking.  275 

Pirtobrutinib showed promising efficacy as monotherapy in this cohort of heavily pre-treated 276 

R/R MZL patients. An ORR of 55.6% was observed among all patients treated with 277 

pirtobrutinib, with similar efficacy in patients who received prior cBTKi therapy (ORR, 278 

53.8%). While lower ORR was observed in the SMZL subgroup, the small number of 279 

patients limit the ability to draw clear conclusions about efficacy in each subtype. Benefits 280 

appeared durable, with patients having a median DOR of 17.8 months and a median PFS of 281 

16.6 months. In addition, 5 patients with a BOR of SD experienced extended PFS (25.07, 282 

22.08, 19.38, 11.10, 11.07 months). One additional patient with a BOR of SD had PFS of 283 

9.17 months but continued on treatment for 32 months after progression. Pirtobrutinib was 284 

also well-tolerated with minimal reports of AEs frequently associated with cBTKi as well as 285 

low rates of discontinuations due to AEs (11.1%, n=4). Overall, the safety profile of 286 
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pirtobrutinib was favorable and comparable to the larger population of patients with different 287 

B-cell malignancies treated with pirtobrutinib in the BRUIN phase 1/2 study 22. 288 

Molecular associations in studies using cBTKi have been identified in MZL which can impact 289 

treatment response and resistance. Exploratory analysis in the phase 2 PCYC-1121 study 290 

identified mutations in genes such as MYD88, TNFAIP3, and KMT2D to be associated with 291 

progression-free survival in R/R MZL19. In particular, patients with MYD88 or TNFAIP3 292 

mutations presented a better response to ibrutinib, while KMT2D and CARD11 mutations 293 

were associated with worse clinical outcomes 19. Moreover, mutations in both BTK (C481S) 294 

and PLCG2 have been identified as conferring resistance to cBTKi in patients receiving 295 

ibrutinib or zanubrutinib 18,33. In this MZL cohort, BTK C481x and PLCG2 mutations were not 296 

evaluated. However, investigation of the efficacy of pirtobrutinib in the setting of acquired 297 

resistance to cBTKi has been performed in other B-cell malignancies and may provide 298 

further insight into the use of pirtobrutinib in the MZL population.  299 

Pirtobrutinib has shown favorable pharmacokinetics, with high oral bioavailability and an 300 

approximately 20-hour half-life, achieving continuous BTK inhibition throughout the dosing 301 

interval, regardless of the intrinsic rate of BTK turnover. The highly selective nature of 302 

pirtobrutinib can also reduce off-target inhibition, consequently minimizing AEs while 303 

allowing maximal on-target drug coverage 22. Previous studies have demonstrated that 304 

pirtobrutinib may stabilize BTK in a closed, inactive conformation leading to fewer 305 

interactions with cellular proteins than cBTKi-bound BTK, limiting kinase-independent BTK 306 

cellular signaling. These unique characteristics may contribute to the broad efficacy and 307 

safety of pirtobrutinib in R/R MZL even after treatment with cBTKi.  308 

Pirtobrutinib has shown activity in  MZL patients who have failed or is intolerant to cBTKi and 309 

may provide a therapeutic option for this patient population. The results presented here 310 

highlight pirtobrutinib as a valuable treatment option in R/R MZL, and currently pirtobrutinib 311 

is included in the NCCN guidelines as a preferred therapy for the treatment of MZL after 312 

prior cBTKi31. These data hint at clinical benefit of pirtobrutinib in MZL, however, further 313 
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evaluation with larger sample sizes is warranted to study pirtobrutinib both as monotherapy 314 

and in combination. In fact, there is an ongoing phase 2 study evaluating the efficacy of 315 

pirtobrutinib in combination with rituximab in patients with untreated MZL (NCT06390956; 316 

PIONEER-MZL). This study may contribute to elucidating the potential benefit of pirtobrutinib 317 

as a combination partner in earlier therapy lines. 318 

This trial has some important limitations including the small number of patients with R/R MZL 319 

enrolled in the study (n=36) which precluded robust analysis of subgroups and lack of 320 

correlative BTK mutational or other genomic analyses. Moreover, the BRUIN phase 1/2 321 

clinical trial was an open-label, single-arm study, that lacked an active control group; 322 

therefore, direct comparison to other available therapies is not possible.  323 

Conclusions 324 

In summary, pirtobrutinib, a first-in-class, non-covalent (reversible) BTKi, showed promising 325 

efficacy and was well tolerated with low-rates of discontinuation in heavily pre-treated 326 

patients with R/R MZL, including those previously treated with other cBTKi agents. 327 

Pirtobrutinib monotherapy is a promising chemotherapy-free therapeutic option after cBTKi 328 

treatment in R/R MZL patients. 329 

 330 

Data sharing 331 

Eli Lilly and Company provides access to all individual participant data collected during the 332 

trial, after anonymization, except pharmacokinetic and genetic data. Data are available to 333 

request 6 months after the indication studied has been approved in the USA and EU and 334 

after primary publication acceptance, whichever is later. No expiration date of data requests 335 

is currently set once data are made available. Access is provided after a proposal has been 336 

approved by an independent review committee identified for this purpose and after receipt of 337 

a signed data sharing agreement. Data and documents, including the study protocol, 338 
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statistical analysis plan, clinical study report, and blank or annotated case report forms, will 339 

be provided in a secure data-sharing environment. For details on submitting a request, see 340 

the instructions provided at www.vivli.org. 341 
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Tables 539 

Table 1. Patient Baseline Characteristics 540 

Characteristics n=36 

Median age, years (range) 68 (22-83) 

Male, n (%) 16 (44.4) 

Female, n (%) 20 (55.6) 

ECOG PS, n (%) 
 

0 18 (50) 

1 17 (47.2) 

2 1 (2.8) 

MZL Subtype, n (%) 
 

Nodal 17 (47.2)  

Splenic 13 (36.1) 

Extranodal* 6 (16.7) 

Tumor Bulk (cm), n (%) 
 

≥ 5 5 (13.9) 

< 5 23 (63.9) 

No measurable lymph node 8 (22.2) 

Elevated LDH, n (%) 
 

Yes 15 (41.7) 

No 21 (58.3) 

Baseline Hemoglobin < 12g/dL 
 

Yes 29 (80.6) 

No 7 (19.4) 

Involved Nodal Sites, n (%) 
 

≤4 20 (55.6) 

>4 16 (44.4) 

Ann Arbor Staging, n (%) 
 

Stage I/II 1 (2.8)  

Stage III/IV 29 (80.6) 

Missing 6 (16.7) 

MALT-IPI Risk Group, n (%)  
Low Risk (0) 1 (2.8) 

Intermediate Risk (1) 10 (27.8) 

High Risk (≥2) 19 (52.8) 

Missing 6 (16.7) 

Median Number of Prior Lines of Systemic Therapy, (range) 3 (2-10) 

Prior Therapy, n (%) 
 

BTK inhibitor 26 (72.2) 

Ibrutinib 17 (47.2) 

Acalabrutinib 1 (2.8) 

Zanubrutinib 8 (22.2) 

Other 0 

Anti-CD20 antibody 36 (100) 

Chemotherapy and Anti-CD20 antibody 31 (86.1) 

PI3K inhibitor 6 (16.7) 

Lenalidomide 8 (22.2) 

BCL2 inhibitor 1 (2.8) 
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Autologous stem cell transplant    1 (2.8) 

Other Systemic Therapy
a
 4 (11.1) 

Reason for Discontinuation of any Prior cBTKi
b,c

, n (%) 
 

Progressive disease 20 (55.6) 

Toxicity/Other 6 (16.7) 
 541 

Data cutoff of 27 Jan 2025.   542 

Abbreviations:  BCL2, B-cell lymphoma 2; CAR-T, chimeric antigen receptor – T-cell therapy; cBTK, covalent 543 

Bruton tyrosine kinase; ECOG PS, Eastern Cooperative Oncology Group performance status; LDH, lactate 544 

dehydrogenase; PI3K, phosphoinositide 3-kinase; ULN, upper limit of normal. *Extranodal MZL of mucosa-545 

associated lymphoid tissue.
 a

Other systemic therapies include: histone deacetylase inhibitors, 546 

radioimmunotherapy, anti-CD74 antibodies, and proteasome inhibitors.
 b

Percentage related to the population of 547 

patients previously treated with another cBTKi. 
 c

In the event more than one reason was noted for 548 

discontinuation, disease progression took priority.549 
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Table 2. Best Overall Response among patients with R/R MZL treated with BTKi 550 

therapies 551 

 
All MZL patients 

n=36 
Prior cBTKi patients 

n=26 
cBTKi naïve  

n=10 

Overall Response Rate
a
, % (95% CI) 55.6 (38.1, 72.1) 53.8 (33.4, 73.4) 60 (26.2, 87.8) 

Best Response, n (%)    

CR 3 (8.3) 1 (3.8) 2 (20) 

PR 17 (47.2) 13 (50.0) 4 (40) 

SD 13 (36.1) 10 (38.5) 3 (30) 

PD 3 (8.3) 2 (7.7) 1 (10) 

 552 

Data cutoff of 27 Jan 2025.   553 

a
ORR is the number of patients with best response of CR or PR divided by the total number of patients;   554 

Abbreviations: cBTKi, covalent Bruton tyrosine kinase inhibitor; CR, complete response; MZL, marginal zone 555 

lymphoma; PD, progressive disease; PR, partial response; SD, stable disease. 556 

 557 

  558 
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Table 3. Pirtobrutinib Safety Profile in MZL Patients 559 

 

Treatment Emergent AEs in Patients with MZL 
(n=36) 

All-Cause AEs, 
(≥20%) % 

Treatment-Related AEs, % 

Adverse Event Any Grade Grade ≥3 Any Grade Grade ≥3 

Diarrhea 44.4 5.6 19.4 2.8 

Fatigue  33.3 0 13.9 0 

Neutropenia
a
 36.1 33.3 13.9 13.9 

Anemia 33.3 16.7 8.3 5.6 

Dyspnea  30.6 0 2.8 0 

Nausea  25.0 0 2.8 0 

Abdominal Pain 25.0 0 0 0 

Cough 25.0 0 8.3 0 

COVID-19 22.2 2.8 2.8 0 

Platelet Count 
Decrease 

22.2 11.1 11.1 2.8 

AEs of Interest
b
 Any Grade Grade ≥3 Any Grade Grade ≥3 

Infection
c
 63.9 13.9 13.9 0 

Bruising
d 

 30.6 0 25.0 0 

Rash
e
 27.8 0 19.4 0 

Hemorrhage
f
  13.9 0 0 0 

Hypertension 8.3 2.8 2.8 2.8 

Atrial Fibrillation/Flutter
g
 0 0 0 0 

 560 

Data cutoff of 27 Jan 2025.  561 

a
Aggregate of neutropenia and neutrophil count decreased. 

b
AEs of interest are those previously associated 562 

with cBTK inhibitors. 
c
Aggregate of all preferred terms indicating infection and including COVID-19. 

d
Includes 563 

preferred term of contusion. 
e
Aggregate of all preferred terms indicating rash. 

f
Aggregate of all preferred terms 564 

including hemorrhage and hematoma. 
g
Aggregate of atrial fibrillation and atrial flutter.  565 

  566 
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Figure Legends 567 

Figure 1. Overall Response Rate in Patient Subgroups 568 

Investigator-assessed ORR per Lugano 2014 criteria by subgroups. Data cutoff of 27 Jan 569 

2025.   570 

Abbreviations:  BCL2, B-cell lymphoma 2; CAR-T, chimeric antigen receptor – T-cell therapy; cBTKi, covalent 571 

Bruton tyrosine kinase inhibitor; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group 572 

performance status; IPI, international prognostic index; LDH, lactate dehydrogenase; MALT, mucosa-associated 573 

lymphoid tissue; MZL, marginal zone lymphoma; ORR, overall response rate; PI3K, phosphoinositide 3-kinase; 574 

ULN, upper limit of normal. 
a
In the event more than one reason was noted for discontinuation, disease 575 

progression took priority.  576 

Figure 2. Pirtobrutinib Efficacy in Patients with MZL 577 

Best change in sum of product of diameters from baseline (a) and time to first response 578 

among patients with response (b) in MZL patients. Data for 7 patients are not shown in the 579 

waterfall plot (a) due to no measurable target lesions identified by CT scan at baseline.  Data 580 

cutoff of 27 Jan 2025.   581 

*Indicates patient with a > 100% increase in sum of products of diameter, with the corresponding change from 582 

baseline of 181.6%.
 
Abbreviations: cBTKi, covalent Bruton tyrosine kinase inhibitor; CR, complete response; PR, 583 

partial respons584 
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Figure 3. DOR, PFS and OS among patients with R/R MZL. 585 

Kaplan-Meier curves representing Investigator-assessed DOR (a) and PFS (b) per Lugano 586 

2014 criteria, and OS (c) of all patients with R/R MZL enrolled in the study. Patients who 587 

were alive and without documented PD (DOR, PFS) as of the data analysis cutoff date were 588 

censored. Patients who were alive or lost to follow-up (OS) as of the data analysis cutoff 589 

date were censored. Data cutoff of 27 Jan 2025 590 

Abbreviations: DoR, duration of response; MZL, marginal zone lymphoma; OS, overall survival; PFS, progression 591 

free survival.  592 
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