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Treatment Outcomes and Roles of
Transplantation and Maintenance Rituximab in
Patients With Previously Untreated Mantle Cell
Lymphoma: Results From Large
Real-World Cohorts
Peter Martin, MD1; Jonathon B. Cohen, MD, MS2; Michael Wang, MD3; Anita Kumar, MD4; Brian Hill, MD, PhD5; Diego Villa, MD6;

Jeffrey M. Switchenko, PhD, MS7; Brad Kahl, MD8; Kami Maddocks, MD9; Natalie S. Grover, MD10; Keqin Qi, PhD11; Lori Parisi, MPH12;

Katherine Daly, PharmD, MS12; Angeline Zhu, PhD12; and Gilles Salles, MD, PhD4

abstract

PURPOSE Commonly used first-line (1L) treatments for mantle cell lymphoma include high-dose cytarabine-
based induction followed by autologous stem-cell transplant (ASCT) for younger patients and several
chemoimmunotherapy regimens for older patients. Continuous debates exist on the role of ASCT in younger
patients and maintenance rituximab (MR) after bendamustine plus rituximab (BR).

METHODS Retrospective data from 4,216 patients with mantle cell lymphoma in the Flatiron Health electronic
record-derived deidentified database diagnosed between 2011 and 2021, mostly in US community oncology
settings, were evaluated for treatment patterns and outcomes. The efficacy findings with ASCT and MR were
validated in an independent cohort of 1,168 patients from 12 academic centers.

RESULTS Among 3,614 patients with documented 1L treatment, BR was the most used. Among 1,265 patients
age , 65 years, 30.5% received cytarabine-based induction and 23.5% received ASCT. There was no sig-
nificant association between ASCT and real-world time to next treatment (hazard ratio [HR], 0.84; 95% CI, 0.68
to 1.03; P 5 .10) or overall survival (HR, 0.86; 95% CI, 0.63 to 1.18; P 5 .4) among ASCT-eligible patients.
Among MR-eligible patients, MR after BR versus BR alone was associated with a longer real-world time to
next treatment (HR, 1.96; 95% CI, 1.61 to 2.38; P, .001) and overall survival (HR, 1.51; 95% CI, 1.19 to 1.92;
P , .001). The efficacy findings were consistent in the validation cohort.

CONCLUSION In this large cohort of patients treated primarily in the US community setting, only one in four young
patients received cytarabine or ASCT consolidation, suggesting the need to develop treatments that can be
delivered effectively in routine clinical practice. Together with the validation cohort, data support future clinical
trials exploring regimens without ASCT consolidation in young patients, whereas MR should be considered for
patients after 1L BR and rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone.

J Clin Oncol 41:541-554. © 2022 by American Society of Clinical Oncology

Creative Commons Attribution Non-Commercial No Derivatives 4.0 License

INTRODUCTION

Mantle cell lymphoma (MCL) has a heterogenous,
often aggressive clinical presentation.1,2 For patients
age , 65 years, current guidelines recommend
induction with a high-dose cytarabine-containing
chemoimmunotherapy regimen followed by con-
solidation with autologous hematopoietic stem-cell
transplant (ASCT) and maintenance with rituximab
(MR).3,4 For patients age$ 65 years who cannot tolerate
intensive regimens, recommended treatments include
bendamustine plus rituximab (BR), rituximab plus cy-
clophosphamide, doxorubicin, vincristine, andprednisone

(R-CHOP), and bortezomib-based bortezomib, rituximab,
cyclophosphamide, doxorubicin, and prednisone (VR-
CAP).3,4 Current guidelines acknowledge lack of evi-
dence fromprospective trials for the use ofMR after BR.3-5

A systematic review of clinical trials of commonly
used first-line (1L) MCL regimens6 reported a me-
dian progression-free survival (PFS) ranging from
16.6 months with R-CHOP alone7 to 109.2 months
with R-CHOP/rituximab plus dexamethasone, cytar-
abine and platinum followed by ASCT.8 The median
overall survival (OS) varied from 40 to 70 months in
older patients and from 53 to 152 months in younger
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patients frequently treated with ASCT.6 Retrospective studies
from academic institutions demonstrated similar outcomes
to prospective trials among patients treated similarly.9

We evaluated treatment patterns and outcomes in 1LMCL and
assessed the impact of ASCT in patients age , 65 years and
MR after BR or R-CHOP in two large independent real-world
cohorts.

METHODS

Data Collection and Inclusion Criteria

This retrospective study analyzed data for adult patients
diagnosed with MCL in the United States from January
2011 to January 2021 captured in the nationwide Flatiron
Health electronic health record–derived deidentified
database.10-12 Key inclusion criteria included confirmed
MCL diagnosis per International Classification of Dis-
eases, Ninth Revision, Clinical Modification diagnosis
code 200.48 or International Classification of Diseases,
10th Revision, Clinical Modification code C83.1x,
age $ 18 years at diagnosis, and $ 2 clinic visit records.
The longitudinal database contains deidentified patient-
level structured and unstructured data, curated via
technology-enabled abstraction11 from approximately
280 cancer clinics (approximately 800 sites of care). Most
patients were treated in a community oncology setting,
defined as community clinics not affiliated with teaching
institutions. Institutional Review Board approval of the
study protocol was obtained before study conduct and
included a waiver of informed consent.

The validation cohort13 was derived from 12 academic
centers in the United States and BC Cancer, Canada. De-
mographic, clinical, and outcomes data were retrospectively

collected following Institutional Review Board approval at
each center. Additional methods on the Flatiron and vali-
dation cohorts are given in the Data Supplement (online
only).

Patient Cohorts Analyzed

In the Flatiron cohort, 3,614 of 4,216 patients had records
of MCL treatment. To study outcomes associated with MR
after BR or R-CHOP, and ASCT in young patients, we
defined two target study populations: theMR-eligible cohort
and ASCT-eligible cohort, which included patients who had
disease control after induction treatment, aligning with
selection of patients for ASCT and MR in trials and routine
practice (Fig 1). As response and progression data were not
available in the Flatiron Health database, but information
on the initiation of the second-line treatment and death was
available, the MR-eligible cohort (n 5 1,461) included
patients of any age who were alive and did not initiate
second-line treatment within 8 months of starting 1L BR or
6 months of 1L R-CHOP; patients who received ASCT
were excluded. MR was defined as rituximab monotherapy
for$ 28 days after 1L rituximab-based induction treatment.
The ASCT-eligible cohort (n 5 962) included patients
age , 65 years who were alive and did not initiate sub-
sequent treatment within 6 months of starting the 1L
treatment. Sensitivity analyses were performed using cut-
offs of 6, 8, or 10 months (Data Supplement).

In the validation cohort (N 5 1,168), response and pro-
gression data were available, but not data on the initiation
of second-line treatment. Therefore, the MR-eligible vali-
dation cohort (n 5 298) included patients of any age who
were alive and did not have disease progression within
8 months of starting 1L BR or 6 months of 1L R-CHOP, and

CONTEXT

Key Objective
We leveraged two independent sources of real-world evidence covering both community and academic practices to evaluate

the treatment patterns and outcomes of first-line mantle cell lymphoma treatments, with an emphasis on the role of
autologous stem-cell transplant (ASCT) in younger patients and maintenance rituximab after induction with bend-
amustine plus rituximab (BR).

Knowledge Generated
Our analysis showed that ASCT was underutilized in the US community setting. In patients considered ASCT-eligible, there

was no significant association between the receipt of ASCT and overall survival. Importantly, among patients considered
eligible for maintenance, maintenance rituximab after BR was associated with longer survival versus BR alone.

Relevance (J.W. Friedberg)
These findings from two large retrospective cohorts complement older prospective clinical trial data in evaluating the role of

consolidative ASCT and/or maintenance antibody therapy for patients with mantle cell lymphoma. These data support
ongoing prospective trials evaluating the role of ASCT in patients achieving complete response without detectable
minimal residual disease.*

*Relevance section written by JCO Editor-in-Chief Jonathan W. Friedberg, MD.

542 © 2022 by American Society of Clinical Oncology Volume 41, Issue 3
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the ASCT-eligible cohort (n5 511; Fig 1) included patients
age , 65 years who were alive and did not have disease
progression within 6 months of starting 1L treatment.

Outcome Measures

In the Flatiron cohort, we evaluated patient character-
istics as documented in the electronic health record,
treatment patterns, and real-world time to next treatment
(rwTTNT) and OS. rwTTNT, an accepted real-world al-
ternative clinical end point to PFS,14,15 was used in
several publications including data from the Flatiron
Health database16,17 and others.18 rwTTNT was defined
as the time from start of the 1L treatment to subsequent
treatment or death, whichever occurred first. In the
validation cohort, PFS and OS were evaluated. PFS was
defined as the time from start of 1L treatment to disease
progression or death, whichever occurred first. OS was
defined as the time from start of the 1L treatment to death
in both Flatiron and validation cohorts.

Statistical Analyses

Continuous variables were summarized using descriptive
statistics; categorical variables were summarized with
count and percent. Time-to-event analyses used Kaplan-

Meier methods to estimate medians and 3-year rates with
associated 95% CIs. The univariate Cox model was used to
generate hazard ratios (HRs) with 95% CIs. The log-rank
test was used to generate P values. Kaplan-Meier plots were
presented up to 60 months because of a smaller number of
patients at risk afterward.

Multivariate analyses (MVAs) were conducted to identify
predictors of rwTTNT and OS including age, Eastern Co-
operative Oncology Group performance status, lactate
dehydrogenase (LDH) level, WBC, bulky disease (as per the
local oncologist), blastoid/pleomorphic morphology, and
the use of MR (no v yes).

RESULTS

Baseline Characteristics and Treatment Patterns

Among 3,614 patients in the Flatiron cohort, the median age
at 1L was 69.4 (range, 27.7-84.6) years; 87%of patients were
treated in a community oncology setting (Table 1). BR-treated
patients were older than those treated with cytarabine-
containing regimens or R-CHOP (median age 73, 60, and
66 years, respectively). The MCL International Prognostic

Flatiron Health database 

Patients with confirmed diagnosis of MCL from
January 2011 to January 2021

(N = 4,216)

Independent validation cohort 

Patients diagnosed with MCL treated in academic centers
(N = 1,168)

Patients with record of 1L MCL treatment (n = 3,614)

Patients treated with
1L BR (n = 1,502)

1L R-CHOP (n = 636)

Patients age < 65 years 
(n = 1,274)

MR-eligible cohort in patients

treated with 1L BR or R-CHOP

(n = 1,461)

Patients of any age who were 
alive, had disease control

after induction, and did not
initiate a 2L treatment

within 8 months of starting
1L BR or 6 months of

1L R-CHOP. Patients who
received ASCT were excluded

ASCT-eligible cohort in patients

age < 65 years

(n = 962)

Patients age < 65 years who were
alive, had disease control after
induction, and did not initiate

subsequent treatment
within 6 months of

starting the 1L treatment

Patients treated with
1L BR or R-CHOP

(n = 403)

Patients age < 65 years 
(n = 591)

MR-eligible cohort in patients

treated with 1L BR or R-CHOP

(n = 258)

Patients of any age who were 
alive, had disease control

after induction, and did not
initiate a 2L treatment

within 8 months of starting
1L BR or 6 months of

1L R-CHOP. Patients who
received ASCT were excluded

ASCT-eligible cohort in patients

age < 65 years

(n = 511)

Patients age < 65 years who were 
alive and did not have disease
progression within 6 months
of starting the 1L treatment

Patients not

  eligible for MR 

Reasons
Initiated 2L
  treatment within
  8 months of
  starting 1L BR or
  6 months of 1L
R-CHOP
Received SCT
Death
BR + Obi

(n = 677)

(n = 380)

(n = 163)
(n = 133)

(n = 1)

Patients not

  eligible for ASCT

Reasons
Initiated 2L
  treatment
  within 6 months
Death
Allogeneic SCT
Unknown type
  of SCT

(n = 312)

(n = 267)

(n = 35)
(n = 8)
(n = 2)

Patients not

  eligible for MR 

Reasons
Missing data
  for MR
Initiated 2L
  treatment within
  8 months of 
  starting 1L BR or 
  6 months of 1L
R-CHOP
Missing PFS/OS
  from 1L treatment

(n = 145)

(n = 77)

(n = 54)

(n = 14)

Patients not

  eligible for ASCT

Reasons
Missing PFS/OS
  from 1L treatment
Initiated 2L
  treatment within
  6 months of 
  starting 1L
  treatment

(n = 80)

(n = 44)

(n = 36)

Excluded
 Patients

 with no
 record of
 1L MCL
 treatments

 (n = 602)

Excluded
 Patients with missing data

 for 1L MCL treatments
 (n = 114)

FIG 1. Study flow. 1L, first-line; 2L, second-line; ASCT, autologous stem-cell transplant; BR, bendamustine plus rituximab; MCL, mantle cell lymphoma;
MR, maintenance rituximab; Obi, obinutuzumab; OS, overall survival; PFS, progression-free survival; R-CHOP, rituximab plus cyclophosphamide,
doxorubicin, vincristine, and prednisone; SCT, stem-cell transplant.

Journal of Clinical Oncology 543
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TABLE 1. Baseline and Demographic Characteristics for the 1L MCL Cohort From the Flatiron Health Database

Characteristica

Patients With Documented 1L MCL Treatment (n 5 3,614)

Overall (n 5 3,614) R-CHOP (n 5 636) BR (n 5 1,502) Cytarabine-Containing (n 5 514)b SCTc (n 5 391) MR (n 5 835)

Age, years, median (range) 69.4 (27.7-84.6) 66.3 (35.1-83.4) 72.7 (41.0-84.6) 60.1 (27.7-83.7) 59.6 (34.0-77.9) 68.9 (62.7-74.6)

, 65, No. (%) 1,274 (35.3) 280 (44.0) 355 (23.6) 389 (75.7) 297 (76.0) 266 (31.9)

$ 65, No. (%) 2,340 (64.7) 356 (56.0) 1,147 (76.4) 125 (24.3) 94 (24.0) 569 (68.1)

Male, No. (%) 2,584 (71.5) 497 (78.1) 1,034 (68.8) 395 (76.8) 309 (79.0) 594 (71.1)

Community setting, No. (%) 3,130 (86.6) 570 (89.6) 1,360 (90.5) 392 (76.3) 321 (82.1) 756 (90.5)

Blastoid/pleomorphic, No. (%) 361 (10.0) 79 (12.4) 105 (7.0) 103 (20.0) 47 (12.0) 61 (7.3)

LDH/ULN, No. (%)

$ 1 508 (14.1) 78 (12.3) 232 (15.4) 75 (14.6) 56 (14.3) 110 (13.2)

, 1 1,123 (31.1) 161 (25.3) 532 (35.4) 119 (23.2) 115 (29.4) 303 (36.3)

Unknown 1,983 (54.9) 397 (62.4) 738 (49.1) 320 (62.3) 220 (56.3) 422 (50.5)

WBC, No. (%)

$ 10 3 109/L 696 (19.3) 110 (17.3) 305 (20.3) 81 (15.8) 59 (15.1) 150 (18.0)

, 10 3 109/L 1,379 (38.2) 230 (36.2) 621 (41.3) 159 (30.9) 163 (41.7) 370 (44.3)

Unknown 1,539 (42.6) 296 (46.5) 576 (38.3) 274 (53.3) 169 (43.2) 315 (37.7)

Bulky disease status,d No. (%)

Yes 511 (14.1) 99 (15.6) 223 (14.8) 98 (19.1) 59 (15.1) 134 (16.0)

No 2,990 (82.7) 521 (81.9) 1,251 (83.3) 406 (79.0) 326 (83.4) 687 (82.3)

Unknown 113 (3.1) 16 (2.5) 28 (1.9) 10 (1.9) 6 (1.5) 14 (1.7)

ECOG PS, No. (%)

0-1 1,374 (38.0) 210 (33.0) 641 (42.7) 165 (32.1) 158 (40.4) 370 (44.3)

$ 2 184 (5.1) 23 (3.6) 94 (6.3) 7 (1.4) 4 (1.0) 25 (3.0)

Unknown 2,056 (56.9) 403 (63.4) 767 (51.1) 342 (66.5) 229 (58.6) 440 (52.7)

MIPI score,e No. (%)

High risk 368 (10.2) 43 (6.8) 181 (12.1) 22 (4.3) 7 (1.8) 74 (8.9)

Intermediate risk 289 (8.0) 52 (8.2) 133 (8.9) 28 (5.4) 31 (7.9) 92 (11.0)

Low risk 163 (4.5) 23 (3.6) 65 (4.3) 39 (7.6) 40 (10.2) 44 (5.3)

Unknown 2,794 (77.3) 518 (81.4) 1,123 (74.8) 425 (82.7) 313 (80.1) 625 (74.9)

Abbreviations: 1L, first-line; BR, bendamustine plus rituximab; ECOG PS, Eastern Cooperative Oncology Group performance status; hyper-CVAD, cyclophosphamide, vincristine, doxorubicin, and dexamethasone
alternating with high-dose methotrexate and cytarabine; LDH, lactate dehydrogenase; MCL, mantle cell lymphoma; MIPI, MCL International Prognostic Index; MR, maintenance rituximab; NORDIC, dose-intensified
rituximab plus cyclophosphamide, vincristine, doxorubicin, prednisone alternating with rituximab plus high-dose cytarabine; R-CHOP, rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone; R-DHAP,
rituximab plus dexamethasone, cytarabine, and platinum; SCT, stem-cell transplant; ULN, upper limit of normal.

aAsdocumented in theelectronichealth record for patients treatedbetween2011and2021.Age, ECOGPS, LDH,andWBCvalueswere taken from the recordof thepatient’s visitwithin30days from thestart of 1L treatment.
bCytarabine-containing regimens include all regimens with record of cytarabine within 1L treatment (such as hyper-CVAD, NORDIC, and alternating R-CHOP/R-DHAP).
cAge , 65 years includes allogenic (n 5 8) and autologous (n 5 287); age $ 65 years includes allogenic (n 5 1) and autologous (n 5 93).
dBulky as per the local oncologist definition.
eMIPI score calculated as in the study by Hoster et al.19 Formula: MIPI score5 0.035353 age (years)1 0.6978 (if ECOG PS. 1, otherwise 0)1 1.3673 log10 (LDH/ULN)1 0.93933 log10 (WBC).

A score , 5.7 indicates low-risk disease, 5.7-6.2 intermediate-risk disease, and 6.2 or greater high-risk disease. No data were available for Ki-67.
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Index (MIPI) score was only available for approximately 20%
of patients.

Between 2011 and 2020, in patients age , 65 years
(n 5 1,265), cytarabine-containing regimens were most
frequently used (30.5%), followed by BR (28.0%) and
R-CHOP (22.1%); 23.5% of patients received ASCT, and
20.9% received MR. The most common induction regimens
before ASCT in patients age , 65 years (n 5 287) were
R-CHOP (21.3%), BR (19.2%), rituximab plus cyclophos-
phamide, vincristine, doxorubicin, and dexamethasone al-
ternating with high-dose methotrexate and cytarabine
(18.1%), and dose-intensified rituximab plus cyclophos-
phamide, vincristine, doxorubicin, prednisone alternating
with rituximab plus high-dose cytarabine (16.4%). In patients
age $ 65 years (n 5 2,329), BR was used in 49.0%,
R-CHOP in 15.2%, VR-CAP in 1.8%, and MR in 24.3%. In
the overall cohort, 120 of 3,614 (3.3%) patients received both
ASCT and MR (80 age , 65 years and 40 age $ 65 years).

The overall use of R-CHOP decreased from 32.9% in 2011 to
9.7% in 2020,whereas the use of BR increased from19.7% in
2011 to 52.9% in 2020. The use of MR increased from 14.3%
in 2011 to 27.2% in 2019 in patients age, 65 years. The use
of cytarabine, ASCT, or MR in patients age$ 65 years did not
change notably over time (Fig 2 and Data Supplement).

In the validation cohort (N5 1,168), patients were younger
than those in the Flatiron cohort (median age 62 v 69 years;

Data Supplement), and the use of ASCT in patients
age , 65 years was more frequent (47% v 23.5%).

rwTTNT and OS

With a median follow-up of 45.5 (range, 0.03-119.4)
months, the overall median rwTTNT in the 1L MCL
Flatiron cohort (n 5 3,614) was 24.0 months (95% CI,
21.9 to 26.2). Patients age , 65 years had better
outcomes versus patients age $ 65 years with the
median rwTTNT of 28.0 months (95% CI, 24.4 to 34.5)
and 22.3 months (95% CI, 20.7 to 24.5; Fig 3A).

Patients treated with BR (n 5 1,501) and cytarabine-
containing regimens (n 5 514) had a similar median
rwTTNT of 34.4 months (95% CI, 31.1 to 37.9) and
31.0months (95%CI, 24.2 to 41.7), respectively, whereas the
median rwTTNT with R-CHOP (n 5 636) was 16.0 months
(95%CI, 13.2 to 19.0). The 3-year OS rate was 68% (95%CI,
66 to 69) in the whole cohort and 68% (95%CI, 66 to 71) with
BR, 74% (95%CI, 70 to 77)with R-CHOP, and 73% (95%CI,
68 to 77) with cytarabine-containing regimens (Fig 3B and
Data Supplement). MVA of the predictors of rwTTNT and OS
in the 1L MCL Flatiron cohort showed that older age, Eastern
Cooperative Oncology Group performance status $ 2, and
high-risk disease features such as LDH/upper limit of
normal $ 1 versus , 1, WBC $ 10 3 109/L, bulky disease,
and blastoid and pleomorphic disease were associated with
worse real-world outcomes (Data Supplement).
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FIG 2. 1L mantle cell lymphoma treatment by age and year from the Flatiron cohort: patients age (A), 65 years (n5 1,265)
and (B) $ 65 years (n 5 2,329). aAmong 3,614 treated patients, other therapies include 9.5% of targeted agents (eg,
bortezomib, lenalidomide, BTK inhibitor, andBCL-2 inhibitor), 7.8%of immunotherapy only, 4.7%of clinical trial drugs, 2.4%of
chemotherapy only, and additional 1.8% of other types of chemoimmunotherapy. bNumber of patients treated between 2011
and 2020 (different from n5 1,274 in Table 1, which also includes patients treated in 2021). cCytarabine-containing regimens
include all regimens with the record of cytarabine within 1L treatment (such as hyper-CVAD, NORDIC, and alternating R-CHOP/
R-DHAP). 1L, first-line; BR, bendamustine plus rituximab; hyper-CVAD, cyclophosphamide, vincristine, doxorubicin, and
dexamethasone alternating with high-dose methotrexate and cytarabine; NORDIC, dose-intensified rituximab plus cyclo-
phosphamide, vincristine, doxorubicin, prednisone alternatingwith rituximabplus high-dose cytarabine; R-CHOP, rituximabplus
cyclophosphamide, doxorubicin, vincristine, and prednisone; R-DHAP, rituximab plus dexamethasone, cytarabine, and
platinum.
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FIG 3. rwTTNT and OS in patients with documented first-line mantle cell lymphoma treatment from the Flatiron cohort (A) overall and by age and (B) by
treatment (BR, R-CHOP, and cytarabine). BR, bendamustine plus rituximab; NE, not estimable; OS, overall survival; R-CHOP, rituximab plus cyclo-
phosphamide, doxorubicin, vincristine, and prednisone; rwTTNT, real-world time to next treatment.
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TABLE 2. Baseline and Demographic Characteristics for the MR-Eligible Cohort From the Flatiron Cohort

Characteristica

MR-Eligible Cohort After 1L BR or R-CHOP (n 5 1,461)

MR-Noneligible Patients After 1L BR or R-CHOP (n 5 677)bOverall (n 5 1,461) BR Only (n 5 679) BR 1 MR (n 5 427) R-CHOP Only (n 5 195) R-CHOP 1 MR (n 5 160)

Age, years, median (range) 72.3 (35.1-84.6) 73.9 (41.5-84.6) 72.5 (45.8-84.2) 69.3 (35.1-83.4) 68.3 (48.6-81.7) 66.6 (59.2-74.3)

$ 65, No. (%) 1,122 (76.8) 541 (79.7) 341 (79.9) 127 (65.1) 113 (70.6) 381 (56.3)

Male, No. (%) 1,027 (70.3) 467 (68.8) 281 (65.8) 152 (77.9) 127 (79.4) 504 (74.4)

Community setting, No. (%) 1,341 (91.8) 618 (91.0) 384 (89.9) 185 (94.9) 154 (96.2) 589 (87.0)

Blastoid/pleomorphic, No. (%) 89 (6.1) 33 (4.9) 20 (4.7) 23 (11.8) 13 (8.1) 95 (14.0)

LDH/ULN, No. (%)

$ 1 196 (13.4) 92 (13.5) 60 (14.1) 27 (13.8) 17 (10.6) 114 (16.8)

, 1 522 (35.7) 251 (37.0) 174 (40.7) 46 (23.6) 51 (31.9) 171 (25.3)

Unknown 743 (50.9) 336 (49.5) 193 (45.2) 122 (62.6) 92 (57.5) 392 (57.9)

WBC, No. (%)

$ 10 3 109/L 285 (19.5) 139 (20.5) 82 (19.2) 34 (17.4) 30 (18.8) 130 (19.2)

, 10 3 109/L 615 (42.1) 277 (40.8) 200 (46.8) 73 (37.4) 65 (40.6) 236 (34.9)

Unknown 561 (38.4) 263 (38.7) 145 (34.0) 88 (45.1) 65 (40.6) 311 (45.9)

Bulky disease,c No. (%)

Yes 209 (14.3) 90 (13.3) 71 (16.6) 26 (13.3) 22 (13.8) 113 (16.7)

No 1,223 (83.7) 575 (84.7) 350 (82.0) 164 (84.1) 134 (83.8) 549 (81.1)

Unknown 29 (2.0) 14 (2.1) 6 (1.4) 5 (2.6) 4 (2.5) 15 (2.2)

ECOG PS, No. (%)

0-1 610 (41.8) 294 (43.3) 188 (44.0) 57 (29.2) 71 (44.4) 241 (35.6)

$ 2 67 (4.6) 41 (6.0) 17 (4.0) 4 (2.1) 5 (3.1) 50 (7.4)

Unknown 784 (53.7) 344 (50.7) 222 (52.0) 134 (68.7) 84 (52.5) 386 (57.0)

MIPI score,d,e No. (%)

High risk 166 (11.4) 92 (13.5) 45 (10.5) 16 (8.2) 13 (8.1) 58 (8.6)

Intermediate risk 142 (9.7) 55 (8.1) 53 (12.4) 12 (6.2) 22 (13.8) 43 (6.4)

Low risk 56 (3.8) 29 (4.3) 18 (4.2) 6 (3.1) 3 (1.9) 32 (4.7)

Unknown 1,097 (75.1) 503 (74.1) 311 (72.8) 161 (82.6) 122 (76.2) 544 (80.4)

Abbreviations: 1L, first-line; BR, bendamustine plus rituximab; ECOG PS, Eastern Cooperative Oncology Group performance status; LDH, lactate dehydrogenase; MIPI, MCL International Prognostic
Index; MR, maintenance rituximab; R-CHOP, rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone; ULN, upper limit of normal.

aAs documented in the electronic health record. Age, ECOG PS, LDH, and WBC values were taken from the record of the patient’s visit within 30 days from the start of 1L treatment.
bOf the 677MR-noneligible patients after 1L BR or R-CHOP, 380 patients initiated next treatment within 6 or 8 months (BR or R-CHOP, respectively), 163 had transplant after induction, 133 died without

initiating next treatment, and one received BR plus obinutuzumab.
cBulky as per the local oncologist definition.
dMIPI score calculated as in the study by Hoster et al.19
eAn exploratory analysis did not identify any significant differences in the distribution across the MIPI risk profiles between the BR 1 MR versus BR alone, and R-CHOP 1 MR versus R-CHOP–alone

groups.
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Role of MR After 1L BR and R-CHOP

In the Flatiron cohort, of 2,138 patients who received 1L BR
or R-CHOP, 1,461 (68.3%) were considered MR-eligible
(Fig 1 and Table 2). In the MR-eligible cohort, the median
duration of induction therapy was 4.7 months regardless of
MR use. The median duration of MR was 19.9 months. MR
use after BR versus BR alone was associated with signifi-
cantly longer rwTTNT (HR, 1.96; 95% CI, 1.61 to 2.38;
P , .001) and OS (HR, 1.51; 95% CI, 1.19 to 1.92;
P , .001; Fig 4A). The 3-year rwTTNT and OS rates for
BR1MRwere 74.0% (95% CI, 69 to 79) and 84.0% (95%
CI, 80 to 88), respectively, versus 51.0% (95% CI, 46 to 56)
and 74.0% (95% CI, 70 to 79) with BR alone. MVA in
the MR-eligible cohort revealed that no MR use, age
$ 65 years, LDH/upper limit of normal$ 1, bulky disease,
and blastoid/pleomorphic morphology were associated with
significantly shorter rwTTNT and OS (Fig 4B).

Consistent with the findings from the Flatiron cohort, sig-
nificantly improved PFS and OS with BR1MR were noted
in the MR-eligible patients from the validation cohort
(n 5 258; Fig 4C). The 3-year PFS and OS rates were
74.2% (95% CI, 61.6 to 83.2) and 91.9% (95% CI, 81.6 to
96.5), respectively, in patients treated with BR 1 MR,
versus 48.5% (95% CI, 30.5 to 64.3) and 73.2% (95% CI,
53.7 to 85.5) with BR alone. The use of MR after 1L
R-CHOP improved outcomes versus R-CHOP alone in both
Flatiron and validation cohorts (Figs 4A and 4C). The 3-year
rwTTNT or PFS rates were numerically higher with BR 1
MR versus R-CHOP 1 MR, but the 3-year OS rates were
similar.

Role of ASCT in Young Patients (age < 65 years)

In the Flatiron cohort, among patients age, 65 years, 962
of 1,274 (76%) were considered ASCT-eligible (Fig 1,
Table 3). In the ASCT-eligible cohort, there was no sig-
nificant association between the receipt of ASCT and
rwTTNT (HR, 0.84; 95% CI, 0.68 to 1.03; P 5 .10) or OS
(HR, 0.86; 95% CI, 0.63 to 1.18; P 5 .4; Fig 5A). The 3-
year rwTTNT and OS rates were similar between patients
who received ASCT (rwTTNT 65% [95% CI, 59 to 71]; OS,
88% [95% CI, 83 to 92]) and those who did not (rwTTNT
59% [95% CI, 55 to 64]; OS, 84% [95% CI, 81 to 88];
Fig 5A). Outcomes by the type of induction treatment in the
Flatiron cohort are presented in the Data Supplement.

Similarly, in the validation cohort (n5 511), the 3-year PFS
rate for patients who received ASCT (n 5 328) was 69.6%
(95% CI, 63.6 to 74.8) versus 69.0% (95% CI, 61.2 to
75.6) for patients who did not receive ASCT (n 5 183;
Fig 5B). The 3-year OS rates were also comparable re-
gardless of ASCT status.

DISCUSSION

In this large US real-world cohort of patients with MCL
treated primarily in community-based practices, the rate of
ASCT was relatively low (approximately one in four patients

age , 65 years). Similarly, low ASCT utilization rates of
approximately 10% to approximately 20% in younger pa-
tients were also reported in two large US studies.20,21

However, several other studies from the United States,
Canada, and Sweden reported much higher rates of ASCT
utilization in younger patients ($ 60%), treated mostly at
academic centers.22-24 The different ASCT utilization trends
between our study and others suggest that various reasons
may affect the decision to undergo ASCT, such as comorbid
conditions, limited responses to induction treatments,
clinician or patient preference, and access to treatments,
including facility type.21,22,24 In addition, socioeconomic
factors such as marital status, education level, type of in-
surance, or income may also play a role in treatment
choices.21,24

It is interesting to observe a slight increase of MR use in
younger patients between 2017 and 2019 (approximately
17% increase from 2011), which coincided with publica-
tion of the phase III clinical evidence supporting MR use in
2017.25 BR, R-CHOP, and VR-CAP were used in almost two
thirds of patients age $ 65 years. BR was the most
commonly used 1L regimen in older patients, increasing
from 27.1% to 60.8% between 2011 and 2020, corre-
sponding to a steady decrease in the use of R-CHOP over
time and consistent with the clinical evidence supporting
BR over R-CHOP in older patients reported in 2013.26

These observations indicate that some of the factors
influencing treatment choices might be more amenable to
change at the clinical level, such as continuing to improve
awareness and communication regarding clinical evidence
and treatment guidelines, consultations between physi-
cians working in different settings, and further focus on the
development of regimens that can be easily delivered in a
broad range of health care settings.

The efficacy outcomes in the Flatiron cohort appeared
worse than those in other observational studies, partic-
ularly in patients age, 65 years with a median rwTTNT of
28.0 months. A possible explanation is that almost a
quarter of young patients initiated subsequent lines of
treatment or died within 6 months of starting 1L treat-
ment, a proportion higher than that observed in trials
(approximately 10% within the first 6 months),25

reflecting expected differences in patient characteris-
tics and more frequent treatment changes in routine
practice. Although specific reasons for changing treat-
ment were not captured in the Flatiron Health database,
possible reasons include primary refractory disease,
limited response to induction regimen, or treatment in-
tolerance. On the other hand, the efficacy outcomes seen
with 1L BR (median rwTTNT of 34.4 months) and 1L
R-CHOP (median rwTTNT of 16 months) were consistent
with PFS reported in clinical trials.26,27

One of the important findings in our study is that 1L BR1MR
was associated with significantly improved rwTTNT and OS
versus BR alone, and these findings were validated in an
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independent cohort. Randomized clinical trials reported that
MR after R-CHOP or ASCT improved outcomes,25,28,29

whereas the StiL-NHL7-2008 MAINTAIN trial did not show

statistically significant PFS or OS benefit with MR after 1L
BR.5 In the MAINTAIN trial, the control BR-only group (no
MR) had a median PFS of 4.5 years, which was longer than a

A

BR + MR

R-CHOP only

R-CHOP + MR

BR only

rwTTNT rate at 
3 years, % (95% CI)
HR (95% CI)

Log-rank test P

BR Only

n = 679

BR + MR

n = 427

R-CHOP Only

n = 195

51
(46 to 56)

74
(69 to 79)

< .001 < .001

30
(24 to 39)

63
(55 to 71)

R-CHOP + MR

n = 160

1.96 (1.61 to 2.38) 2.17 (1.66 to 2.83)

Median rwTTNT
(95% CI), months

37.7
(33.1 to 41.2)

65.3
(61.6 to 75.6)

18.8
(16.1 to 23.5)

47.8
(39.6 to 59.2)

25

50

75

100

0 48 6012 24 36

Time (months)

rw
TT

N
T 

(%
)

No. at risk:

BR only

BR + MR

R-CHOP only

R-CHOP + MR

679 431 258 161 97 66

427 403 310 205 147 92

195 113 60 42 24 19

160 149 105 82 57 42

BR + MR

R-CHOP only

R-CHOP + MR

BR only

Time (months)
No. at risk:

BR only

BR + MR

R-CHOP only

R-CHOP + MR

679 458 317 225 156 106

427 409 330 235 179 113

195 144 120 99 75 61

160 155 129 108 85 71

25

50

75

100

0 48 6012 24 36

OS
 (%

)
OS rate at 3 years,
% (95% CI)
HR (95% CI)

Log-rank test P

BR Only

n = 679

BR + MR

n = 427

R-CHOP Only

n = 195

74
(70 to 79)

84
(80 to 88)

 < .001 .023

70
(68 to 82)

86
(80 to 92)

R-CHOP + MR

n = 160

1.51 (1.19 to 1.92) 1.53 (1.06 to 2.20)

Median OS
(95% CI), months

78.1
(62.9 to 93.5)

89.5
(80.0 to 108.6)

81.9
(67.6 to 105.0)

99.0
(82.1 to NE)

B
rwTTNT

HR (95% CI)

Variable (MVA) HR 95% CI

Maintenance rituximab: No v yes 2.05 1.74 to 2.40

Age: � 65 years v � 65 years 1.42 1.17 to 1.73

LDH/ULN: � 1 v � 1 1.32 1.01 to 1.72

Blastoid/pleomorphic MCL: Yes v no 1.76 1.33 to 2.32

Bulky diseasea: Yes v no 1.40 1.13 to 1.73

WBC group: � 10 × 109/L v � 10 × 109/L 1.17 0.94 to 1.45

ECOG PS: � 2 v 0-1 0.92 0.60 to 1.41

< .001

< .001

.043

< .001

.002

.200

.700

0.5 1.0 1.5 2.0 2.5

P

FIG 4. rwTTNTandOS in theMR-eligible cohort: (A) patients treatedwithBRorR-CHOPalone, or BR1MRandR-CHOP1MR from the Flatiron cohort; (B)MVA
of the predictors of rwTTNT and OS in theMR-eligible cohort from the Flatiron cohort; theMVA used all data, includingmissing values, as a category for covariates;
(C) PFS and OS in the validation cohort. HR was calculated for MR yes versus no in the Flatiron cohort and MR no versus yes in the validation cohort. Median OS
should be interpreted with caution as it was reached when few patients were still at risk. a“Bulky” as per local oncologist definition. BR, bendamustine plus
rituximab; ECOG PS, Eastern Cooperative Oncology Group performance status; HR, hazard ratio; LDH, lactate dehydrogenase; MCL, mantle cell lymphoma; MR,
maintenance rituximab;MVA,multivariate analysis; NE, not estimable;NR, not reached;OS, overall survival; PFS, progression-free survival; R-CHOP, rituximabplus
cyclophosphamide, doxorubicin, vincristine, and prednisone; rwTTNT, real-world time to next treatment; ULN, upper limit of normal. (continued on next page)
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median PFS of 3 years published in the StiL-NHL1-2003
study,30 and there might have been limited power to detect a
difference between the two study arms given the relatively
small sample size.5 Although our findings were based on two
separate observational cohorts, there are several other lines of
evidence to support MR after BR. For example, in the E1411
trial, patients who received a BR-based induction followed by
2 years of MR achieved amedian PFS of roughly 64months.31

Ongoing BR-based trials in MCL, such as E1411 and SHINE

(ClinicalTrials.gov identifier: NCT01776840), evaluating
whether the addition of bortezomib/lenalidomide or ibrutinib
could further improve the active backbone of BR 1 MR, will
provide further answers.

In addition, our analysis from two independent cohorts
revealed no clear rwTTNT or OS benefits associated with
the receipt of ASCT among ASCT-eligible patients, re-
gardless of the specific types of induction treatment re-
ceived (cytarabine-based, BR, or others). Despite the
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FIG 4. (Continued).
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apparent contradiction of these findings with the clinical
trial data supporting survival benefit with ASCT,8,32,33 sev-
eral registry studies reported evidence consistent with our
findings. A recent study from the Swedish Lymphoma
Registry (n 5 592) reported no difference in OS or relative
survival in patients treated with MCL2 (ASCT included)
versus BR-treated subgroups after adjustment for age at
diagnosis, sex, and year of diagnosis.34 A large US real-world
analysis showed that the 3-year OS survival rates were
largely unchanged at approximately 82%-86% despite

increased use of ASCT from approximately 10% to ap-
proximately 20% from2005 to 2017.20 Ongoing randomized
trials, such as the European MCL Network Triangle (Clin-
icalTrials.gov identifier: NCT02858258) and E4151 (Clinical-
Trials.gov identifier: NCT03267433), are currently evaluating
the role of ASCT, andwemust await the results of those studies
before drawing final conclusions. However, the strength of the
observational data presented here suggests that it may be
reasonable to perform clinical trials without a requirement for
ASCT in younger patients, so that we can be prepared to move

TABLE 3. Baseline and Demographic Characteristics for the ASCT-Eligible Cohort From the Flatiron Cohort

Characteristica

ASCT-Eligible Cohort in Patients Age < 65 Years (n 5 962)

ASCT-Noneligible Patients
Age < 65 Years (n 5 312)bOverall (n 5 962)

Received ASCT
(n 5 282)

Did Not Receive
ASCT (n 5 680)

Age, years, median (range) 58.5 (27.7-65.0) 56.9 (34.0-65.0) 59.2 (27.7-65.0) 58.9 (54.2-62.3)

, 65, No. (%) 962 (100.0) 282 (100.0) 680 (100.0) 312 (100.0)

Male, No. (%) 714 (74.2) 216 (76.6) 498 (73.2) 232 (74.4)

Community setting, No. (%) 802 (83.4) 227 (80.5) 575 (84.6) 236 (75.6)

Blastoid/pleomorphic, No. (%) 99 (10.3) 34 (12.1) 65 (9.6) 50 (16.0)

LDH/ULN, No. (%)

$ 1 113 (11.7) 40 (14.2) 73 (10.7) 43 (13.8)

, 1 243 (25.3) 76 (27.0) 167 (24.6) 70 (22.4)

Unknown 606 (63.0) 166 (58.9) 440 (64.7) 199 (63.8)

WBC, No. (%)

$ 10 3 109/L 146 (15.2) 40 (14.2) 106 (15.6) 60 (19.2)

, 10 3 109/L 339 (35.2) 120 (42.6) 219 (32.2) 87 (27.9)

Unknown 477 (49.6) 122 (43.3) 355 (52.2) 165 (52.9)

Bulky disease,c No. (%)

Yes 146 (15.2) 42 (14.9) 104 (15.3) 60 (19.2)

No 791 (82.2) 237 (84.0) 554 (81.5) 239 (76.6)

Unknown 25 (2.6) 3 (1.1) 22 (3.2) 13 (4.2)

ECOG PS, No. (%)

0-1 366 (38.0) 115 (40.8) 251 (36.9) 102 (32.7)

$ 2 17 (1.8) 4 (1.4) 13 (1.9) 10 (3.2)

Unknown 579 (60.2) 163 (57.8) 416 (61.2) 200 (64.1)

MIPI score,d No. (%)

High risk 24 (2.5) 2 (0.7) 22 (3.2) 16 (5.1)

Intermediate risk 47 (4.9) 18 (6.4) 29 (4.3) 16 (5.1)

Low risk 96 (10.0) 34 (12.1) 62 (9.1) 21 (6.7)

Unknown 795 (82.6) 228 (80.9) 567 (83.4) 259 (83.0)

Abbreviations: ASCT, autologous stem-cell transplant; ECOG PS, Eastern Cooperative Oncology Group performance status; LDH, lactate dehydrogenase;
MIPI, MCL International Prognostic Index; SCT, stem-cell transplant; ULN, upper limit of normal.

aAs documented in the electronic health record. Age, ECOG PS, LDH, and WBC values were taken from the record of the patient’s visit within 30 days from
the start of first-line treatment.

bOf the 312 ASCT-noneligible patients (among patients age , 65 years), 267 initiated next treatment within 6 months, 35 died without initiating next
treatment within 6 months, eight had allogeneic SCT, and two had an unspecified type of SCT.

cBulky as per the local oncologist definition.
dMIPI score calculated as in the study by Hoster et al.19
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FIG 5. (A) rwTTNT and OS in the ASCT-eligible cohort by ASCT status (yes v no) in the Flatiron cohort; (B) PFS and OS in the validation cohort.
Median OS should be interpreted with caution as it was reached when few patients were still at risk. ASCT, autologous stem-cell transplant; HR,
hazard ratio; NE, not estimable; NR, not reached; OS, overall survival; PFS, progression-free survival; rwTTNT, real-world time to next treatment.
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forward with the next set of trials pending completion of the
randomized studies.

This retrospective analysis has the strength of large
patient numbers reflecting the patient population and
practice pattern in routine practice at community and
academic centers and the inclusion of an independent
validation cohort to confirm the findings. However, these
factors do not negate several limitations and potential
sources of bias commonly associated with retrospective
analyses. First, there were missing data in patient
baseline characteristics, which limited the ability to derive
the MIPI/combined MIPI and Ki67 scores. Second, tumor
response data were not available in the Flatiron cohort, and
we had to use rwTTNT as a proxy to define patient eligibility
for ASCT or MR. Third, the intention for choosing treatments
was not captured in either database. There may be
differences in practice at the center level that could not
be delineated in the Flatiron cohort. Finally, the use of MR or
ASCT was not randomized. Described adjustments do not

fully account for patient or disease factors (such as MIPI)
influencing the choice of treatment or physician intention at
the start of induction therapy or use ofMR or ASCT. Therefore,
our results are limited by residual bias, including selection and
immortal time bias.

Taken together, our findings from two large retrospective
cohorts provide additional considerations for the design
of future trials evaluating new treatment regimens in
MCL. First, there should be a continuous focus on the
development of treatments that can be effectively de-
livered and implemented in routine and community
practices. Second, our data suggest that the risk:benefit
ratio of ASCT should be carefully weighed for each
patient and it may be reasonable to perform future trials
without a requirement for ASCT in younger patients.
Furthermore, the substantial survival benefit achieved
with MR in patients responding to 1L BR, a frequently
used chemoimmunotherapy regimen, should be con-
sidered routinely in patients with MCL.
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