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Abstract
Background: Mantle cell lymphoma (MCL) is a type of B-cell lymphoma that 
is currently incurable. Pirtobrutinib shows promising response rates in heavily 
pretreated MCL patients according to the approval study, but the real-world data 
are scarce.
Methods: In this study, we retrospectively analyzed the efficacy and safety pro-
file of pirtobrutinib in 10 relapsed/refractory MCL patients from compassionate 
use program (CUP).
Results: On average, the patients underwent three lines of systemic therapy prior 
to pirtobrutinib and were predominantly BTKi exposed (9/10). The best overall 
response rate (BORR) was 67%. In a median follow-up of 8.6 months, the mean 
duration of response (DOR), progression-free survival (PFS), and overall survival 
(OS) were not reached. No new safety signals were documented.
Conclusions: In summary, pirtobrutinib represented a safe and effective treat-
ment option in a small real-world population.
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1   |   INTRODUCTION

Mantle cell lymphoma (MCL) accounts for 6%–8% of lym-
phomas arising from lymphocytes originating in the man-
tle zone.1 The translocation t(11;14)(q13;q32) is detectable 
in almost all MCL cases resulting in constitutive cyclin 
D1 overexpression that drives malignant B-cell growth.2 
Deregulation of B-cell receptor (BCR) signaling pathway 
due to mutations or epigenetic events impacts regulatory 
proteins triggering cell proliferation.3 Bruton's tyrosine ki-
nase (BTK) is a key component of the BCR signaling path-
way.4 Discovering the role of BCR and BTK particularly in 
MCL pathobiology allowed to integrate the covalent, first 
generation BTK inhibitor (cBTKi), ibrutinib, in front- and 
second-line therapies.5,6

Up to 12/2022, anthracycline and cytarabine-
containing immunochemotherapy followed by autolo-
gous stem cell transplantation and anti-CD20 antibody 
maintenance was standard-of care (SOC) for front-line 
treatment of younger MCL patients.7 This standard was 
successfully challenged by the phase III TRIANGLE 
study, with ibrutinib combined with above mentioned 
SOC (arm A + I) versus SOC only (arm A) and ibruti-
nib containing treatment without HDCT/ASCT (arm I). 
Three-year failure-free survival (FFS) was higher in arm 
A + I (88%) and arm I (86%) compared to arm A (72%).5 
However, despite these advances MCL relapses still occur.

Also in relapsed/refractory (r/r) settings, cBTKis 
are efficacious in MCL. In the approval study, ibrutinib 
demonstrated a 68% overall response rate (ORR) and 47% 
24-months OS among r/r MCL patients with median 3 
prior therapy lines.8,9 Nevertheless, progression on ibruti-
nib is frequently detactable.10 One of the most common re-
sistance mechanisms among non-responders is a mutation 
in the BTK481 cysteine residue which blocks covalent bind-
ing of irreversible BTK inhibitors, e.g. ibrutinib, or second 
cBTKis generation acalabrutinib and zanubrutinib.11,12

Recently, non-covalent BTKi pirtobrutinib was 
shown to overcome resistance to covalent BTKi. While 
ibrutinib and the second BTKi generation covalently 
bind to BTK, pirtobrutinib forms a non-covalent bond 
with the latter enabling a selective and reversible inhi-
bition of BTK activity even after failure of cBTKis.13 In 
the approval, phase I/II BRUIN trial, pirtobrutinib in-
duced encouraging and sustained ORR of 57.8% (52/90) 
including 20% (18/90) complete responses (CR) among 
r/r MCL patients prior cBTKi. Furthermore, pirtobru-
tinib demonstrated good tolerability and a favorable 
safety profile. Correspondingly, FDA and EMA granted 
accelerated approval and conditional marketing autho-
rization of pirtobrutinib in r/r MCL after at least two 
and one prior therapy lines, including cBTKi, in 01/2023 
and 10/2023, respectively.14,15

Collecting data from patients who have received pirto-
brutinib outside of a controlled clinical trial setting can 
improve insights into clinical applicability, treatment dura-
tion, effectiveness, and safety in patients with r/r MCL. To 
this end, we performed a retrospective, multicenter, real-
world data study including 10 patients with r/r MCL who 
received pirtobrutinib within a compassionate use patient 
program (CUP) in Germany, Austria, and Switzerland.

2   |   MATERIALS AND METHODS

This retrospective study enrolled 10 consecutive patients 
with r/r MCL who underwent pirtobrutinib therapy between 
08/2022 and 11/2023 within CUP prior to EMA approval. 
Patients were deemed eligible for the CUP in the case of fail-
ure of all available treatment options and adequate organ 
function. BTKi naive patients were considered for CUP on 
the same conditions as those being BTKi pre-treated. The 
outcomes of CUP patients were compared with the results 
of previously reported approval study (BRUIN Trial).16 The 
permission to publish the CUP data was obtained in ad-
vance from the provider of pirtobrutinib, firma Lilly.

All patients provided informed consent before treat-
ment. Data from different centers were anonymized before 
being pooled for joint analysis to ensure patient confiden-
tiality and comply with data protection regulations. Study 
protocols and procedures adhered to pertinent guidelines, 
including Helsinki Declaration, in addition to local regu-
lations. The study received approval from the respective 
local ethics committees (Göttingen №: 15/6/23). Detailed 
description of patient stratification, response assessment, 
adverse event grading, endpoints and statistical analy-
sis is presented in Supplemental Material “Methods and 
Statistics”.

3   |   RESULTS

3.1  |  Patient characteristics

Patient characteristics and information on previous thera-
pies are summarized in Table S1. The median age at pir-
tobrutinib initiation was 72 years, the majority of patients 
being male (6/10). Seven patients presented with high-risk 
disease according to the MCL International Prognostic 
Index score (MIPI) and combinate MCL International 
Prognostic Index score (MIPIc). Figure  S1 presents an 
overview on the therapies prior to pirtobrutinib.

In median, patients had undergone three therapy lines 
(range, 2–5) prior to pirtobrutinib and all had a history of 
immunochemotherapy (10/10). Nine of 10 patients had 
received ibrutinib, of them two subsequently combined 
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with BCL-2 inhibitor venetoclax +/− rituximab following 
progression under BTKi alone. The reason for BTKi dis-
continuation was either progressive disease (PD) (7/9) or 
intolerability (2/9). The cellular therapies prior to pirto-
brutinib encompassed stem cell transplantation in 7/10 
cases, of them 6 autologous and 1 allogeneic SCT, and 
CD19-CAR-T cell therapy (3/10). Two patients received 
lenalidomide, one patient glofitamab. At the time of pirto-
brutinib initiation, all patients presented with PD (10/10).

3.2  |  Outcomes of treatment with 
pirtobrutinib

The outcomes of pirtobrutinib are presented in Table 1 and 
Figure  1. The median follow-up (FU) from pirtobrutinib 

initiation was 8.6 months (range, 0.3–14.9 months). The 
best overall response rate (BORR) was 70% (7/10): one pa-
tient achieved CR, while six exhibited partial response (PR) 
(Figure 1A). The median time to best response was 70 days 
(range, 14–167). The remaining patients (3/10) experienced 
either SD (1/10) or PD (2/10). Of BTKi pretreated patients 
(9/10), a response was detectable in 6 out of 9. One patient 
with PR underwent subsequently consolidative CAR-T cell 
therapy following 3 months of pirtobrutinib.

Within the responding patients (n = 7), the median 
duration of response (DOR) was not reached (95% CI: 
2.37-NR months) (Figure  1B) while 6- and 12-month 
outcomes for DOR were 71.4%. Median PFS and OS were 
not reached: 95% CI of 2.56-NR months and 2.37-NR 
months, respectively. The estimated 6- and 12-month 
outcomes for PFS and OS were 70% and 56% and 70% 

T A B L E  1   Outcomes of pirtobrutinib treatment among patients of the study and approval trial.

Response
CUP, all patients 
(n = 10)

cBTKi pretreated MCL 
(n = 90)

cBTKi-naive 
MCL (n = 14)

Overall response rate, % (95% CI) 70 (34.8 to 93.3) 57.8 (46.9 to 68.1) 85.7 (57.2 to 
98.2)

Best overall response, No. (%)

Complete response 1 (10) 18 (20.0) 5 (35.7)

Partial response 6 (60) 34 (37.8) 7 (50)

Stable disease 1 (10) 14 (15.6) —

Progressive disease 2 (20) 15 (16.7) 1 (7.1)

Not evaluable — 9 (10.0) 1 (7.1)

DOR

Patients with a response, No. (%) 7 (70) 52 (57.8) 12 (85.7)

Patients with censored data, No. (%) 5 (71.4) 33 (63.5) 12 (100)

DOR, months, median (95% CI) NR (2.37 to NR) 21.6 (7.5 to NR) NR (NR to NR)

Median follow-up, months 7.0 11.9 7.1

PFS

Patients with censored data, No. (%) 7 (70) 45 (50.0) 13 (92.9)

PFS, months, median (95% CI) NR (2.56 to NR) 7.4 (5.3 to 12.5) NR (NR to NR)

Median follow-up, months 7.7 9.2 8.6

OS

Patients with censored data, No (%) 7 (70) 60 (66.7) 13 (92.9)

OS, months, median (95% CI) NR (2.73 to NR) NR (14.8 to NR) NR (NR to NR)

Median follow-up, months 8.6 16.6 9.4

Estimated 6 and 12 months DOR and PFS

Estimated DOR, 6 months 71.4% 73.6%

Estimated DOR, 12 months 71.4% 57.1%

Estimated PFS, 6 months 70% 51.9%

Estimated PFS, 12 months 56% 40%

Note: One patient who did not undergo post-baseline disease assessment is not included in the evaluation. The KM estimators' confidence intervals (CIs) are 
calculated using the exact binomial proportion CIs.
Abbreviations: cBTKi, covalent bruton tyrosine kinase inhibitor; CUP, compassionate use program; DOR, duration of response; MCL, mantle cell lymphoma; 
NR, not reached; OS, overall survival; PFS, progression-free survival.
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and 70% (Figure 1C,D). Given our follow-up period, the 
mean observed DOR was 9.7 months (95%CI: 5.9-NR, 
12.7 months observation), and PFS 9.8 (95%CI: 5.9–13.7) 
and OS 10.8 months (95%CI: 6.8–14.7) for 14.9 months 
observation (Table S2).

3.3  |  Adverse Events

Non- and hematologic toxicities are listed in Table  S3. 
Hematologic toxicity was mild and infrequent, no Grade 
3 and 4 events were observed. The most common non-
hematologic toxicity (all CTCAE grade 1) was hemor-
rhage (2/10), followed by elevated liver enzymes, diarrhea, 
stomach pain, and dysgeusia (1/10 for each). No other 
AEs were documented.

4   |   DISCUSSION

Encouraging data regarding the efficacy and toxicity of 
pirtobrutinib have been generated for patients with r/r 

MCL in the approval study. In our—albeit small—retro-
spective, multicentric, international study we analyzed 
outcomes and safety of pirtobrutinib in r/r MCL patients 
undergoing treatment in real-world settings within the 
Global Compassionate Use Program in Germany, Austria, 
and Switzerland.

Our patients and those in the approval study exhibited 
similar baseline clinical characteristics concerning gender 
and age, while blastoid histology and high-risk MIPI/MIPIc 
score were more frequent in our analysis: 2/10 (20%) and 
7/10 (70%) versus 8/90 (9%) and 20/90 (22%) respectively. 
Patients of this study as well as BTKi exposed patients from 
the pivotal study presented with a median of 3 prior ther-
apy lines. Three patients received CAR-T cell therapy pre-
ceding pirtobrutinib, compared to 4/90 in the pivotal study.

Response evaluations were at the physician's discre-
tion, as is common in real-world settings. Seven out of 
ten patient showed a response in our cohort, compared 
to 16/23 (69%) in the pivotal trial when consider only pa-
tients treated with 200 mg pirtobrutinib daily. Of note, the 
comparison of the patients who responded was slightly in 
favor of our cohort (6/9) (67%) versus 52/90 (58%) when 

F I G U R E  1   Outcome of treatment from the 10 patients with r/r MCL and pirtobrutinib. (A) Best overall response rates of the patients 
treated with pirtobrutinib. (B) Duration of response (DOR). (C) Progression-free survival (PFS). (D) Overall survival (OS). BORR, best 
overall response rate; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease. For DOR analysis, only 
patients showing a response were included. All patients were included for PFS and OS analysis. The survival percentages for 6 and 
12 months are given.

(A) (B)

(C) (D)
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compared with all BTKi exposed patients treated with dif-
ferent doses of pirtobrutinib (ranging from 25 to 300 mg 
daily) in the approval study.

The median follow-up in the current analysis was 
shorter than in the pivotal trial: 8.6 versus 16.6 months. 
DOR and survival outcomes were comparable with the 
approval study. Particularly, the estimated 6-month DOR 
and PFS were 71.4% and 70% compared to 73.6% and 
51.9% in the pivotal trial while 12-month DOR and PFS 
were documented with 71.4% and 56% versus 57.1% and 
40%, accordingly.

The hematological and non-hematological toxicity 
profile in our analysis provided no new safety signals. 
Particularly, no AEs grade >2 including atrial fibrillation 
of any grade were documented in our highly pretreated pa-
tient cohort. Thus, our data support that the favorable toxic-
ity profile of pirtobrutinib as reported in the approval study.

Limitations of our study are its retrospective design, 
as well as the limited sample size and follow-up time, 
thereby reducing the capability of long-term conclusions 
about safety and efficacy of pirtobrutinib. Additionally, an 
efficacy of pirtobrutinib depending on BTK C481 and/or 
TP53 mutation status was not assessed due to the lacking 
data on the latter.

As far as we are aware, our study represents the first 
real-world investigation of the effectiveness and tolerability 
of pirtobrutinib in the treatment of patients with r/r MCL. 
The response rates in our study were encouraging and simi-
lar to those in the pivotal study. Furthermore, there were no 
new safety signals concerning the toxicity profile.

To thoroughly assess the effectiveness, safety, and 
potential of pirtobrutinib for r/r MCL in the real-world 
population, further research is necessary. Extending the 
duration of follow-up in our study is crucial to improve 
understanding of the durability of pirtobrutinib treatment 
as well as increasing the sample size.

In summary, pirtobrutinib represents a safe and effec-
tive treatment option in a small real-world population. 
Further research is warranted to generate more data on 
the use of pirtobrutinib in the clinical routine in patients 
with r/r MCL.
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