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Purpose. There remains a lack of consensus among experts regarding the optimal therapeutic approach for Mantle cell lymphoma
(MCL) after failure of covalent Bruton Tyrosine Kinase inhibitor (¢cBTKi)-based therapy. This study was designed to examine
patient characteristics, current treatment patterns, and clinical outcomes using a real-world database to evaluate how MCL is
currently managed post-cBTKi therapy in the U.S. Methods. A large, deidentified U.S. electronic medical record (EMR) oncology
database (ConcertAl) with data from January 2011 to July 2021 was utilized for this study. Eligible patients were adults with MCL
who had received at least one cBTKi. Descriptive statistics were used to evaluate patient characteristics and treatment patterns.
Time-to-event real-world outcomes of duration of therapy, time to next treatment discontinuation, and overall survival was
evaluated using the Kaplan-Meier method. Results. A total of 946 patients met eligibility criteria. Of these, 739 (78.1%) dis-
continued cBTKi treatment before the end of the follow-up period, while the remaining 207 (21.9%) were still receiving cBTKi
therapy at the end of the follow-up period. Among those who had discontinued the cBTKi, 352 (47.6%, 352/739) received at least
one subsequent (post-cBTKi) treatment. The median duration of the immediate post-cBTKi therapy was 2.6 months (1 =352).
Among the 739 patients who discontinued cBTKi treatment, the median time from ¢BTKi discontinuation to next treatment
discontinuation or death was 3.9 months and the median overall survival was 10.3 months. Conclusions. This study demonstrates
the poor outcomes experienced by patients after cBTKi therapy. There is an urgent need for safe and effective treatments for
patients with recurrent or progressive MCL.

1. Introduction

Mantle cell lymphoma (MCL) is a rare and aggressive
subtype of B-cell non-Hodgkin lymphoma (NHL). Ap-
proximately 75,769 patients were diagnosed with B-cell NHL
in the U.S. in 2021, with 2.7% of these diagnosed with MCL
(~2,045 patients per year) [1]. MCL is more common in men
(71% of all MCL diagnoses) and is most frequently di-
agnosed among patients aged 65 or older [2]. The incidence
rate of MCL has remained relatively stable, only decreasing
by 0.5% from 2008 to 2017 [1]. It is estimated that 61.9% of
patients across all stages of disease live for 5 years or longer
after a diagnosis of MCL [1]. Most patients present with
advanced disease; as disease progresses, survival outcomes

become increasingly poor [3]. After failure of a ¢BTKij,
survival outcomes have been observed in the range of only
14 to 15 months [4].

Currently, there is a lack of consensus among experts
regarding the optimal therapeutic approach for MCL and
enrollment on a clinical trial is generally recommended, as
none of the available treatments are considered curative.
NCCN treatment guidelines for the initial treatment of MCL
differ based on the stage of disease (stage I or stage II non-
bulky disease versus stage II bulky or stage III-IV) [5].
Induction treatment for patients with stage II bulky disease
through stage IV MCL has been primarily rituximab-based,
but are further differentiated between aggressive versus less
aggressive therapies. Aggressive therapies are utilized with
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consolidation treatment using high-dose chemotherapy
followed by analogous stem cell rescue. Both aggressive and
less aggressive therapies include single-agent rituximab
maintenance therapy [5]. All patients will experience disease
progression with advanced MCL. After progression, second-
line treatment includes covalent Bruton Tyrosine Kinase
inhibitor (cBTKi)-based therapy or additional rituximab-
based therapy. Therapeutic options are limited for patients
after having exhausted chemoimmunotherapy and ¢BTK
inhibitors, with only a single therapy (brexucabtagene
autoleucel) included within the 5.2021 NCCN treatment
guidelines for MCL [5].

There is a lack of treatment options for patients with
recurrent or progressive MCL following treatment with
a cBTKi. Few data exist to quantify the outcomes of patients
with MCL in the post-cBTKi treatment setting, where there
are gaps in current care guidelines [5]. Prospective trial data
in this setting include autologous T-cell (CAR T-cell)
therapy, which has shown an objective response rate (ORR)
of 93% and 61% of patients remained free of disease pro-
gression one year after treatment [6]. More recently, data
from the phase 1/2 BRUIN trial demonstrated favorable
efficacy associated with the use of pirtobrutinib (a novel
noncovalent BTKi) among patients with MCL who had prior
cBTKi treatment [7]. At the time of the interim analysis, 57%
of all patients with MCL remained on treatment with no
evidence of disease progression and the ORR rate was 52%
among those with prior BTKi exposure [7].

Real-world data regarding outcomes of patients di-
agnosed with MCL are largely limited to treatment patterns
and outcomes associated with first-line treatment or second-
line cBTKi therapy [8-10]. Sparse data exist to evaluate the
patient treatment pathway or outcomes after failure of
cBTKi therapy, and optimal therapeutic options remain
unknown [11]. Data regarding the outcomes of patients after
cBTKi exposure have been limited to small retrospective
studies, but consistently have shown poor outcomes, with
median overall survival estimates ranging from 2.9 to
8.4 months [12-14].

This study was designed to quantify the treatment
patterns and outcomes of patients after exposure to cBTKi
therapies in routine clinical practice using a large con-
temporary database. Specifically, this study examined pa-
tient characteristics, current treatment patterns, and clinical
outcomes using a real-world database of patients with MCL
who have received ¢cBTKi therapy in the U.S.

2. Methods

This retrospective observational study was designed to
evaluate patient characteristics, treatment patterns, and
outcomes (duration of therapy, time to treatment discon-
tinuation, and overall survival) among patients with MCL
who received a ¢BTKi.

2.1. Database. ConcertAl RWD360 is a deidentified clinical
electronic medical record (EMR) oncology database that is
built from multiple oncology health care clinics and
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oncologists that has been used for other research in he-
matology [15]. The database aggregates longitudinal,
patient-level structured data from multiple oncology EMR
systems using standard variable coding algorithms. The data
used for this study include demographic information (e.g.
age, sex), infused and oral therapies and dates each was
received, as well as month and year of death. Data collected
outside of the oncology EMR (e.g. imaging, stem cell
therapy, hospitalizations, over-the-counter medications) are
not included within the structured oncology EMR dataset.
The RWD360 MCL database was developed by identifying
all patients within the EMR systems with evidence of at least
one International Classification of Disease (ICD) code re-
flective of a diagnosis of MCL (ICD-9: 200.4 or ICD-10:
C83.1). RWD360 data are deidentified in accordance with
standards of the HIPAA Privacy Rule through the sup-
pression of patient health identifiers (PHI). PHI suppression
was conducted in accordance with the expert determination
method, and data used for this study are therefore not
considered human subjects research per the US Code of
Federal Regulations Section 45 [16]. Data were available
from January 2011 through July 2021 at the time of analysis.

2.2. Cohort Selection. The first observation of an MCL di-
agnosis code was defined as the index date. Patients were
included in the study cohort if the index date was between
January 1, 2011 (start of the study period) through October
31, 2020. Data were available for follow-up through July
2021, which was considered the end of the study period.
Additionally, patients were required to be 18 years of age or
older at the index date and to have received systemic therapy
with at least one drug that was included in the National
Comprehensive Cancer Network (NCCN) treatment
guidelines for MCL, version 5.2021 [5]. Lastly, the cohort
was limited to patients who had received at least one cBTKi
(ibrutinib, acalabrutinib, or zanubrutinib) on or after the
index date.

2.3. Statistical Analyses

2.3.1. Patient Characteristics and Treatment Sequences.
Descriptive statistics were used to evaluate clinical and
demographic characteristics at the start of the therapy for
each subgroup and to describe the sequence of treatments
received. Due to the large number of potential drug com-
binations, the following hierarchy was applied to simplify
regimen reporting for the graphical summary of treatment
sequences: cBTKi+BCL2i therapy (e.g., acalabruti-
nib + venetoclax, ibrutinib + venetoclax); ¢cBTKi (e.g., aca-
labrutinib, ibrutinib) +any other agents; BCL2i (e.g.,
venetoclax) + any other agents; anti-CD20 therapy (e.g.,
rituximab) + any other agents.

2.3.2. Real-World Outcomes. Real-world outcomes included
duration of therapy, time to next treatment discontinuation,
and overall survival. Time-to-event analyses for real-world
outcomes were conducted using the Kaplan-Meier method.
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Duration of therapy was defined as the time from the date of
treatment initiation through the date of treatment discon-
tinuation. Time to next treatment discontinuation was de-
fined as the time from discontinuation of ¢BTKi therapy to
the date of discontinuation of the next therapy or death
(whichever occurred first). Since progression-free survival is
not recorded in the ConcertAl RWD360 database, this
analysis was used as a proxy to estimate the time to the next
progression. This proxy estimate has been used in real-world
studies of patients with solid tumors, but may underestimate
the duration of time until progression in settings where
discontinuation rates due to toxicity are high [17, 18].
Therefore, these data are simply reported as time to next
treatment discontinuation or death and no direct inference
is made with regards to progression. Patients were censored
at the last observation if they were alive and had evidence of
continuing to receive treatment within 60 days of the end of
the database (end of the follow-up period), as it could not be
determined with certainty if treatment had ended or may
have continued but was not observed due to lack of addi-
tional follow-up in the database.

All analyses were conducted using SAS Enterprise 9.4
(Statistical Analysis Software, SAS Institute, Inc.) and
treatment pattern images were created using Visual Studio
Code (JavaScript, HTML, and CSS). No imputation was
made for missing data; all missing variables were reported
descriptively.

3. Results

3.1. Study Cohort. A total of 5,280 patient records were
available in the ConcertAl RWD360 MCL database. A total
of 946 patients met all eligibility criteria and were included
in the final cohort for analysis. Of the 946 eligible patients,
739 (78.1%) discontinued the cBTKi before the end of the
follow-up period, while the remaining 207 (21.9%) were still
receiving cBTKi therapy at the end of the follow-up period.
Among those who had discontinued the cBTKi, 352 (47.6%,
352/739) received at least one subsequent (post-cBTKi)
treatment. A patient flow diagram that demonstrates the
criteria applied to identify the final study cohort is included
in Figure 1.

3.2. Patient Characteristics. The characteristics of the eligible
study patient population are summarized in Table 1. The
median age at the time of cBTKi initiation was 72 years and
the cohort was predominantly male (75.1%). The majority of
patients (67.3%) received care in community oncology
practices. The characteristics of patients were similar re-
gardless of the line of therapy in which the ¢cBTKi was
initiated (Supplementary Materials, Table S1).

3.3. Treatment Patterns. All patients by study design received
at least one line of therapy. Of the 946 eligible patients, 670
(70.8%) had evidence of a second line of therapy, and 373
(39.4%) had evidence of a third line of therapy in the database.
Most patients received cBTKi-based therapy in the first-line
(n=414, 43.8%) or second-line setting (n =364, 38.5%). The

most common first-line regimens included single-agent ibru-
tinib (n=243, 25.7%) and rituximab plus bendamustine
(n=229, 24.2%). In the second-line setting, the most common
regimens included single-agent ibrutinib (=200, 29.9%) and
single-agent acalabrutinib (n= 88, 13.1%).

The sequence of treatments immediately prior to and
immediately after the first cBTKi received is shown in
Figure 2. Among the 352 patients who received at least one
subsequent treatment following the cBTKi, the most com-
mon treatment regimens included rituximab (with or
without other chemotherapy agents, n =152, 43.2%). Thirty
patients (8.5%) received BCL2i (venetoclax)-based therapy.
Specific therapies such as bortezomib (n =46, 13.1%) and
lenalidomide (n =44, 12.5%) were used infrequently, with or
without other agents. A total of 146 (41.5%) received another
cBTKi (with or without other agents) later in the course of
therapy. A subset of patients received a ¢cBTKi in more than
one line of therapy: of all patients in this study, 29.5% re-
ceived a cBTKi in both the first- and second-line setting and
25.3% received a ¢cBTKi in both the second- and third-line
setting.

Among the 946 eligible patients, 207 (21.9%) were still
receiving a cBTKi at the time of data cutoft (end of the
database) and 248 (26.2%) died before receiving post-cBTKi
therapy. There were 346 (36.6%) that had no evidence of
treatment after discontinuation of the initial cBTKij, and the
reason for the lack of continued treatment could not be
ascertained.

3.4. Real-World Outcomes. For those patients who received
additional treatment after discontinuation of the cBTKij, the
median duration of the immediate post-cBTKi therapy was
2.6 months (95% confidence interval [CI]: 2.1-3.3, Figure 3).
The duration of post-cBTKi therapy was short regardless of
which line of therapy where the post-cBTKi therapy was
received (no difference by line of therapy; p = 0.21, log-rank
test, Supplementary Materials Figure S1). The median time to
next treatment discontinuation (time from discontinuation
of the cBTKi to the discontinuation of post-cBTKi therapy or
death) was 3.9 months (95% CI: 3.3-4.6) (Figure 4). Time to
next treatment discontinuation or death varied by the line of
therapy in which the post-cBTKi treatment was initiated
(median ranged from 6.6 months for those who received
first-line cBTKi therapy to 1.7 months for those starting the
cBTKi in the fourth line; P <0.0001 (Supplementary Ma-
terials Figure S2).

Median overall survival was only 10.3 months (95% CI:
8.0-13.0) from the time of cBTKi discontinuation (Figure 5).
Overall survival differed by the line of therapy in which the
cBTKi was initiated (median survival ranged from
17.0 months for those who received first-line cBTKi therapy
to 2.5 months for those starting the cBTKi in the fourth line;
P =0.004 (Supplementary Materials, Figure S3).

4. Discussion

This study of a large real-world database demonstrates the
poor outcomes experienced by patients with MCL after
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N=2,944

¥

Still receiving cBTKi therapy at the end of the database
N=207

Received a cBTKi during lines 1-5 of therapy
N=946

Received post-cBTKi therapy

N=352

Discontinued ¢cBTKi therapy
N=739

No post-cBTKi therapy
N=387

FIGURE 1: Flow chart of study cohort selection. Abbreviations: MCL = mantle cell lymphoma; ¢cBTKi= covalent bruton tyrosine kinase

inhibitor.

discontinuation of cBTKi therapy. This remains consistent
with the overall pattern of declining outcomes observed in
prior studies [3]. The prior work was limited to a single
academic institution from 2000 to 2014, whereas this study
adds to this earlier knowledge using a large database across
multiple community and academic institutions with more
recent data. This study used more contemporaneous data
and further demonstrates that the outcomes after exposure
to cBTKi therapy are particularly poor. For patients able to
receive subsequent therapies, they have been used for a very
short duration of time. Mortality outcomes after discon-
tinuation of cBTKi therapy are particularly poor. This is not
unexpected given the lack of recommended treatment op-
tions post-cBTKi therapy in the 2021 NCCN treatment
guidelines, as nearly 40% of patients in this study did not
receive additional therapy after cBTKi. In 2020, CAR T-cell
therapy was approved for the care of patients with MCL.
While current data do not allow for the evaluation of long-
term outcomes of patients recently treated with these newer
therapies, future research should evaluate the proportion of
patients with MCL able to receive CAR T-cell therapy and
the impact on patient overall survival. Due to the timeframe
of the current database, this could not be explored.

The observation that nearly 40% did not receive addi-
tional treatment after cBTKi therapy could be in part due to
the lack of treatment options available for the care of these
patients. This is similar to other work in MCL more gen-
erally. Studies of real-world data in a similar time period
have shown that 48.2% of patients receiving first-line
therapy have evidence of second-line treatment, 47.6% of
patients who receive a second line advance to receive a third-
line treatment, and 44.1% of those who receive a third line go
on to receive a fourth or later-line treatment [19]. However,
other explanations could be relevant to explain the low rates
of subsequent therapy but could not be evaluated. The
current and other real-world studies may not have had
sufficient follow-up to observe a subsequent treatment, or
patients could have transferred to hospice or to another care

setting where follow-up care could not be observed in this
database. This is not fully evaluable in real-world datasets
and could have led to an overestimation of patients who do
not receive post-cBTKi therapy in the current study. While
another real-world database study did not specifically
evaluate post-cBTKi outcomes, survival from the start of
third or later lines of therapy was a median of 18 months,
[19] whereas in this study, survival was from the time of
cBTKi discontinuation. While the studies evaluated different
cohorts, both studies suggest that as disease progresses,
outcomes worsen.

There was a high rate of cBTKi use in the first-line setting
in this study, an observation which must be interpreted with
caution. The specific line of therapy cannot be fully de-
termined in the ConcertAl RWD360 dataset to the potential
risk of missing data from prior health care that could have
been received outside of the EMR recorded in this database.
While data that may exist outside of the oncology EMR
systems are unknown, the sequence of observed care is
accurately recorded with dates of initiation and discontin-
uation. However, the high rates of ¢cBTKi use early in the
course of care could also be due in part be due to the study
design, which required cBTKi exposure. This design element
would have excluded patients who received chemo-
immunotherapy or other anti-CD20-based treatments in the
first-line setting and who had not yet progressed to second-
or third-line cBTKi. Other possible explanations for the high
use of first-line cBTKi therapy in this study could be the age
of patients (median age of 72 years) and the treatment
settings in which they received care (primarily community-
based practices). Several international studies have suggested
a preference for cBTKi therapy earlier in the care trajectory
for the older patient, however, this has not yet been fully
investigated [20-23]. Optimal care for the older patient with
comorbidities or frailty remains unknown, but the likeli-
hood for the need for a more tolerable regimen in the first-
line setting cannot be dismissed. The majority of patients
were cared for in community settings in this database, where
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Pre-cBTKi regimen

RITUXIMAB +/- Chemo (474)

Initial cBTKi regimen
IBRUTINIB (525)

<none> (414)
ACALABRUTINIB + other (202) "
ACALABRUTINIB (142)
I -
Other Chemo complex (58)
B ACALABRUTINIB + VENETOCLAX (28)

IBRUTINIB + other (28)

ZANUBRUTINIB (16)

IBRUTINIB + VENETOCLAX (4)
ZANUBRUTINIB + other (1)
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Post-cBTKi regimen

Alive,no futher therapy (346)

Death, no further therapy (248)

— RITUXIMAB +/- Chemo (152)

K VENETOCLAX +/- other (30)

[

ACALABRUTINIB + other (39)
=

ACALABRUTINIB (28)

-

IBRUTINIB + other (7)
IBRUTINIB + VENETOCLAX (11)
Ot_her Chemo complex (60)

ZANUBRUTINIB (4)
ACALABRUTINIB + VENETOCLAX (19)

—
ZANUBRUTINIB + other (1)
IBRUTINIB (1)

FIGURE 2: Treatment sequence prior to and following initial cBTKi. Abbreviations: cBTKi= covalent bruton tyrosine kinase inhibitor.
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Duration of the post-cBTKi line of therapy (months)

+ Censored
[ 95% Confidence Limits

FIGURE 3: Duration of the immediate post-cBTKi line of therapy (n=352). Abbreviations: ¢cBTKi= covalent bruton tyrosine kinase in-

hibitor; CI = confidence interval.

oral therapies may be preferred as they are more easily and
safely administered. Variation in care by practice setting
should be studied in the future, as recent research focused on
12 large academic centers did not observe any ¢cBTKi use in
the first line among older patients with MCL, [24] whereas
this largely community-based dataset showed utilization of
these agents in what may be the first-line setting.
Limitations of this real-world dataset include the lack of
data regarding the histology of MCL. Blastoid and pleomorphic

MCL are associated with a particularly poor prognosis [25], and
the patients in these data that exhibit this histology could not be
identified. Future research is needed to further explore the
outcomes post-cBTKi therapy among these particularly high-
risk groups. As novel agents are developed, there is a need to
evaluate the subpopulations that may benefit from different
approaches to care in real-world settings.

As with any real-world dataset, limitations also include
the nature of data collected in routine care. While these data
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1.00 A
0.75 -
Median: 3.9 months (95% Cl: 3.3-4.6) |
=
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0
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0.00
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At Risk T T T T T T T T T T T T
0 6 12 18 24 30 36 42 48 54 60 66

Time from cBTKi discontinuation to next treatment discontinuation or death (months)

+ Censored
[ 95% Confidence Limits

FIGURE 4: Time to next treatment discontinuation or death (n=739). Abbreviations: cBTKi = covalent bruton tyrosine kinase inhibitor;

CI = confidence interval.

1.00
Median: 10.3 months (95% Cl: 8.0-13.0) |
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=
Z 050 o
<
0
e
(=}
0.25 -
0.00
] 739 376 250 181 118 82 53 34 20 8 5 3 1 0
At RISk T T T T T T T T T T T T T T
0 6 12 18 24 30 36 42 48 54 60 66 72 78

Overall survival (months)

+ Censored
[ 95% Confidence Limits

FIGURe 5: Overall survival from time of discontinuation of the cBTKi (n=739). Abbreviations: cBTKi = covalent bruton tyrosine kinase

inhibitor; CI = confidence interval.

provide insights regarding actual care patterns, the data
are not collected for research purposes. This contributes to
gaps in data, depending on the real-world data set used.
For this database, performance status data were missing
for nearly all patients, further limiting the ability to fully
understand the patient populations included in this study.
Data may have been captured at other healthcare facilities
that were not included in the ConcertAI network. Data
were also not available regarding reasons for treatment
change. The lack of such variables (e.g. histology,

performance status, comorbidities, biomarkers) for
analysis limits the ability to identify clinically relevant
subsets of patients, but may be possible in future studies
that incorporate some level of chart review to extract
additional variables for this type of study.

Despite the limitations of real-world data, this study
shows the short duration of post-cBTKi therapy and poor
overall survival experienced by patients after cBTKi therapy,
and demonstrates the urgent need for safe and effective
treatments for patients with MCL.
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