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Mantle cell lymphoma (MCL) is a rare subtype of non-Hodgkin lymphoma (NHL).1,2 Despite advances in
chemoimmunotherapy and autologous stem cell transplantation (SCT) in the past decades, outcomes of
MCL remain inferior when compared with most other NHL histologies.2,3 Patients with advanced age have
particularly poor outcomes with standard chemoimmunotherapy. Due to comorbidities and frailty, many
older patients do not tolerate intensive therapies (particularly high-dose cytarabine and SCT),4 which
typically offer the longest progression-free interval.5 Further, before the emergence of targeted therapy
(2013), treatment options had been relatively limited for relapsed/refractory (r/r) MCL patients, especially in
the older population, a subgroup more likely to experience early relapses following less intensive frontline
management.6,7 Early relapse itself has also been shown to correlate with poorer long-term outcomes
in MCL.8

Ibrutinib was the first Bruton tyrosine kinase inhibitor (BTKi) evaluated for r/r MCL and led to an overall
response rate of 67% and a median duration of response of 17.5 months in a heavily pretreated study
population.9 This led to the approval of ibrutinib for $second line use for MCL in 2013,9 followed by the
approval of acalabrutinib10 and zanubrutinib11 for similar indications in 2017 and 2019, respectively. The
approval of BTKis provided well-tolerated and efficacious options for older and frail patients with r/r MCL.
We hypothesized that outcomes in MCL have improved in the BTKi era, with early postapproval survival
benefit greatest in older patients who are less likely to be candidates for aggressive frontline treatment.

To evaluate this hypothesis, we used the SEER (Surveillance, Epidemiology, and End Results) database,
which covers �50% of the population in the United States.12 We included 7625 adult patients (age
$18 years) diagnosed with MCL between the years 2007 and 2018 (excluding 2012-2013) (Appendix).
Most patients were men (71%) and White (90%), 49% were diagnosed at the age $70 years, and
69% were diagnosed at an advanced stage. We defined the pre-BTKi era as the years of diagnosis
between 2007 and 2011 and the BTKi era as the years between 2014 and 2018. We considered the
years 2012 and 2013 as a “washout” period to allow practice change related to BTKi approval. Among
all patients included, 3424 and 4201 were diagnosed during pre-BTKi and BTKi eras, respectively.
Besides lower likelihood of advanced stage at diagnosis (64% vs 76%; P , .001), patients diagnosed
in the BTKi era had similar baseline characteristics to those in the pre-BTKi period (Appendix).

Our study examined all-cause mortality and mortality from MCL (MFM) and followed the patients from the
date of MCL diagnosis to the end of 2018 or death, whichever occurred first. We applied a multivariable
Cox proportional hazards regression model for all-cause mortality and reported an adjusted hazard ratio
(HR) with 95% confidence interval (CI). Multivariable competing risk analyses were used for MFM,
considering all other causes of death as competing events. We adjusted for age, sex, race, stage, and
median household income at the census level in all models. As age plays an important role in treatment
decisions, including whether to use consolidative transplantation, we performed subgroup analyses
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based on age at diagnosis (,60, 60-69, 70-79, and $80 years).
To reduce potential confounding by the duration of follow-up among
patients diagnosed in different periods, we used up to 3-year follow-
up data for the primary analysis. In sensitivity analyses, we included
patients diagnosed between 2008 and 2011 and 2014 and 2017
for pre-BTKi and BTKi eras, respectively, so that the median follow-
up for the BTKi cohort reaches 3 years. We also changed the
defined duration of follow-up to 2 and 4 years, respectively.

The median follow-up was 9.2 and 2.4 years for patients diagnosed
during pre-BTKi and BTKi eras, respectively. The 3-year all-cause
mortality and 3-year MFM were 39.8% and 27.3% in the overall

population. Both the 3-year all-cause mortality and MFM increased
with age at diagnosis. The 3-year all-cause mortality was lower in
the BTKi era among most age groups, except patients ,60 years
old, and the 3-year MFM was lower in the BTKi era among all age
groups. The numeric difference of 3-year outcomes was most sub-
stantial in patients aged 70 to 79 for both all-cause mortality (pre-
BTKi era: 47.8%; BTKi era: 40.4%) and MFM (pre-BTKi era:
33.9%; BTKi era: 27.5%) (Table 1; Figure 1A-B). In the multivari-
able analyses, the risk of death was significantly lower during the
BTKi era in the 60 to 69 (HR, 0.85; 95% CI, 0.72-1.00) and 70 to
79 (HR, 0.80; 95% CI, 0.70-0.92) age groups. MFM was also sig-
nificantly lower during the BTKi era in these 2 age groups (60-69:

Table 1. Three-year all-cause mortality and mortality from MCL based on age and year of diagnosis

3-y all-cause mortality 3-y mortality from MCL

% Adjusted HR (95% CI) % Adjusted sub-HR (95% CI)

Overall 39.8 27.3

,60, pre-BTKi era 20.5 1.00 17.3 1.00

,60, BTKi era 21.0 1.04 (0.82-1.31) 14.3 0.80 (0.62-1.04)

60-69, pre-BTKi era 32.3 1.00 24.0 1.00

60-69, BTKi era 28.4 0.85 (0.72-1.00) 19.5 0.78 (0.64-0.94)

70-79, pre-BTKi era 47.8 1.00 33.9 1.00

70-79, BTKi era 40.4 0.80 (0.70-0.92) 27.5 0.76 (0.65-0.90)

$80, pre-BTKi era 69.9 1.00 46.5 1.00

$80, BTKi era 65.8 0.91 (0.80-1.04) 42.2 0.87 (0.75-1.02)

Pre-BTKi era is defined as the year of diagnosis between 2007 and 2011; BTKi era is defined as the year of diagnosis between 2014 and 2018.
All the above analysis was adjusted for age, sex, race, stage, and median household income at the census level.
HRs or sub-HRs that are statistically significant (P , .05) are in bold.
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Figure 1. Overall survival and cumulative incidence of lymphoma-specific death. (A) Overall survival based on age and year of diagnosis. (B) Cumulative incidence

of death from MCL based on age and year of diagnosis. Pre-BTKi era is defined as the year of diagnosis between 2007 and 2011, BTKi era is defined as the year of diag-

nosis between 2014 and 2018.
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sub-HR, 0.78; 95% CI, 0.64-0.94; 70-79: sub-HR, 0.76; 95% CI,
0.65-0.90) (Table 1). The results were largely unchanged (not
shown) for sensitivity analyses involving only patients diagnosed
between 2008 and 2011 (pre-BTKi) and 2014 and 2017 (BTKi)
and using 2 and 4 years as the cutoff for follow-up, respectively.

Overall and lymphoma-specific survival in individuals diagnosed with
MCL has improved in the BTKi era, as evidenced by this large,
population-based cohort study. At a median follow-up of 2.4 years in
our BTKi cohort, significant survival benefits were observed in those
>60 but ,80 years of age, and the observed benefits were greatest
in the 70 to 79 age group. This difference may be explained by the
heterogeneous frontline treatment approaches based on age. Many
patients ,60 receive aggressive chemoimmunotherapy followed by
consolidative SCT in the frontline setting.7 This approach provides a
median progression-free survival of 8.5 years.5 With a duration of
follow-up of 2.4 years, most younger patients likely have not relapsed
and have not started deriving benefit from BTKis. In contrast, many
patients in the age groups of 60 to 79 often receive less intensive
regimens, and relapse tends to occur much sooner after less inten-
sive frontline treatment. Before BTKis became available, treatment
options were limited for r/r MCL, and outcomes were generally dis-
mal after the first relapse.13,14 Among those >80, minimal improve-
ment in survival may be attributed to significant competing risks of
death from other comorbidities and limited life expectancy.

There are several limitations in our retrospective analysis. We were
unable to adjust potential confounders not included in the SEER
database (eg, biological features of MCL). Evidence on the efficacy
of several other therapies for MCL emerged around the time of
ibrutinib approval, including the use of bendamustine as frontline
therapy,15,16 lenalidomide,17,18 proteasome inhibitors,19 and mainte-
nance rituximab.20 Therefore, the improvement in survival observed
in our study may not be solely attributable to BTKis. Our analysis
used the SEER database, which does not contain details of lym-
phoma treatment and limited our ability to estimate the benefit spe-
cific to BTKis. In addition, the duration of follow-up in our BTKi
cohort remains relatively short (2.4 years). The survival benefit in the
current analysis unlikely reflects the improvement in outcomes
among younger and fit patients following standard, intensive frontline
therapies. This needs to be reexamined as longer follow-up data
become available.

In this large, population-based study, we observed significant
improvement in overall and lymphoma-specific survival in MCL
patients 60 to 79 years old in the immediate period following BTKi
approval, with greater benefit shown in the 70 to 79 age group.
Future real-world studies should examine the impact of novel agents
on treatment patterns and outcomes of MCL over a longer follow-
up period.
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