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abstract

PURPOSE Most patients with mantle cell lymphoma (MCL) are older. In this study, we investigated the efficacy
and safety of a chemotherapy-free combination with ibrutinib and rituximab (IR) in previously untreated older
patients with MCL (age $ 65 years).

METHODS We enrolled 50 patients with MCL in this single-institution, single-arm, phase II clinical trial
(NCT01880567). Patients with Ki-67% $ 50% and blastoid morphology were excluded. Ibrutinib was ad-
ministered with rituximab up to 2 years with continuation of ibrutinib alone. The primary objective was to assess
the overall response rate and safety of IR. In evaluable samples, whole-exome sequencing and bulk RNA
sequencing from baseline tissue samples were performed.

RESULTS The median age was 71 years (interquartile range 69-76 years). Sixteen percent of patients had high-
risk simplified MCL international prognostic index. The Ki-67% was low (, 30%) in 38 (76%) and moderately
high ($ 30%-50%) in 12 (24%) patients. The best overall response rate was 96% (71% complete response).
After a median follow-up of 45 months (interquartile range 24-56 months), 28 (56%) patients came off study for
various reasons (including four progression, 21 toxicities, and three miscellaneous reasons). The median
progression-free survival and overall survival were not reached, and 3-year survival was 87% and 94%, re-
spectively. None of the patients died on study therapy. Notably, 11 (22%) patients had grade 3 atrial fibrillation.
Grade 3-4 myelosuppression was seen in , 5% of patients. Differential overexpression of CCND1, BIRC3,
BANK1, SETBP1, AXIN2, and IL2RA was noted in partial responders compared with patients with complete
response.

CONCLUSION IR combination is effective in older patients with MCL. Baseline evaluation for cardiovascular risks
is highly recommended. Randomized trial is needed for definitive conclusions.

J Clin Oncol 40:202-212. © 2021 by American Society of Clinical Oncology

INTRODUCTION

Most patients with mantle cell lymphoma (MCL) are
elderly with a median age of 69 or 71 years.1,2 Apart
from high-risk disease characteristics,3 advanced age,
poor performance status, and number of comorbidities
exhibit an adverse prognostic impact in patients with
MCL.4,5 Patients treated with systemic chemotherapy
and advancing age have an inferior outcome compared
with young patients with MCL (age # 65 years).2 The
standard-of-care treatment for elderly patients withMCL
is rituximab-based chemoimmunotherapy followed by
rituximabmaintenance (in some studies),6-9 providing a
median progression-free survival (PFS) of 3-5 years and
an overall response rate (ORR) of about 90%with 40%-
50% complete response (CR; except the combination

of bendamustine, rituximab, and cytarabine, which
induced a CR of 91%).6-9 High incidence of grade 3-4
myelosuppression, hospitalization rates, infectious
complications, and second cancers (including therapy-
related myelodysplasia) after chemoimmunotherapy
are significant complications in elderly patients with
MCL.

With the advent of orally administered Bruton’s tyro-
sine kinase (BTK) inhibitors such as ibrutinib, aca-
labrutinib, zanubrutinib, and pirtobrutinib10-14 alone or
ibrutinib with rituximab15,16 and/or ibrutinib with Bcl2
antagonist venetoclax in treating patients with relapsed
MCL,17,18 many investigators are exploring earlier use
of chemotherapy-free novel targeted therapeutic ap-
proaches for patients with MCL. On the basis of
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favorable efficacy and safety data (particularly lack of
myelosuppression), ease of administration, our own clinical
experience using the ibrutinib-rituximab combination in
patients16 with relapsed MCL (88% ORR, 58% CR after a
4-year follow-up15 with 16 of 50 [32%] patients’ age . 70
years), and the desire to develop chemotherapy-free
treatment modalities, we investigated the ibrutinib-
rituximab combination (IR) in the frontline therapy for el-
derly patients with MCL in this single-center, phase II study.

METHODS

Study Design and Patient Population

This is an investigator-initiated, institutional review board–
approved, open-label, single-institution, single-arm, phase
II clinical trial. The study was originally designed to in-
vestigate the efficacy and safety of the IR combination in
relapsed MCL (reported previously16) and was modified in
2015 to include a cohort of newly diagnosed elderly pa-
tients with MCL. In this study, we report the results of the 50
previously untreated elderly patients with MCL who par-
ticipated in this clinical trial after obtaining informed con-
sent as per the Declaration of Helsinki. The key eligibility
criteria included the following: previously untreated elderly
patients with MCL, age $ 65 years with nonblastoid or
pleomorphic histology and/or with a Ki-67% , 50%
(chosen to avoid inadequate therapy for very aggressive
MCL), and an Eastern Cooperative Oncology Group per-
formance status of# 2. Patients with a history of controlled
atrial fibrillation were included (Protocol, online only).

Treatment

Ibrutinib was administered orally at 560 mg once daily in
28-day cycles with rituximab. Rituximab was administered

as intravenous infusion at a fixed dose of 375 mg/m2 once
weekly for 4 weeks in cycle 1 followed by day 1 of every
cycle starting in cycles 3-8. After cycle 8, rituximab was
given on day 1 of every 2 months for up to 2 years, and after
2 years, ibrutinib was administered in continuous cycles
until disease progression or unacceptable toxicity or any
other reason of discontinuation. None of the patients re-
ceived stem-cell transplantation.

Response Assessment

ORR included partial response (PR) and CR according to the
Lugano 2014 criteria.19 Response assessments were per-
formed using computed tomography scanning every two
cycles until cycle 8, followed by assessments every
4months. After achievement of CR and for patients receiving
ibrutinib treatment after 2 years, response assessments were
performed every 6-12 months. A 18F-fluorodeoxyglucose–
positron-emission tomography (PET) scan was performed at
baseline and to confirm the CR at best response. Best re-
sponse is the best response that the patient had achieved
while on therapy. Deauville scoring, with scores ranging from
1 to 5, with a score of 1 to 3 indicating a complete metabolic
response, was used. Bone marrow examination using flow
cytometry–based assaywith aminimum sensitivity of 0.01%-
0.1% was performed at best response, among evaluable
patients who had initial evidence of bone marrow involve-
ment by MCL. Adverse events were graded according to the
National Cancer Institute’s Common Terminology Criteria for
Adverse Events (CTCAE, version 4.0).20

Genomic Studies

Among evaluable patients, DNA and RNA extraction was
performed from archived formalin-fixed paraffin-
embedded tissues baseline tissue samples (node, extra-

CONTEXT

Key Objective
Ibrutinib is an approved Bruton’s tyrosine kinase inhibitor in relapsed mantle cell lymphoma (MCL). To our knowledge, this

single-arm phase II study is the first chemotherapy-free combination of ibrutinib-rituximab (IR) in newly diagnosed elderly
patients with MCL.

Knowledge Generated
IR combination demonstrated high response rates and durable survival in elderly patients with MCL. After a nearly 4-year

median follow-up, 56% of patients discontinued treatment. Treatment-related intolerance, especially atrial fibrillation,
was noticeable in comparison with other therapies in elderly patients with MCL. Furthermore, an integrated genomic and
transcriptomic analysis from pretreatment biopsies demonstrated the significance of B-cell receptor pathway aberrations
as a predictor of response to ibrutinib.

Relevance (J. W. Friedberg)
These early results of the IR combination in older patients with MCL support planned and ongoing randomized trials

comparing Bruton’s tyrosine kinase inhibitor–based regimens with chemoimmunotherapy in this setting. High rates of
cardiac toxicity suggest that patients should be carefully evaluated for cardiac risk factors before receiving the IR
combination.*

*Relevance section written by JCO Editor-in-Chief Jonathan W. Friedberg, MD.
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nodal tissue, gastrointestinal tract, or bone marrow biop-
sies) with . 30% cellularity with MCL and germline
samples (when available). Whole-exome sequencing
(WES) and bulk RNA sequencing were performed to assess
the somatic mutation profile, copy number abnormalities,
and differential gene expression (DEG), and gene set en-
richment analysis was performed among various response
categories to identify genomic predictors of response and
resistance to IR. All WES sequencing was performed with a
NovaSeq6000 SP-XP flow cell using the 150bp paired end
format, whereas for RNA sequencing, Illumina HiSeq4000
using the 76bp paired end configuration was used (detailed
methods are given in the Data Supplement, online only).

Statistical Analysis

The primary objective was to estimate ORR. The secondary
objectives included PFS and overall survival (OS). PFS was
measured from the treatment start date until disease
progression or death whichever occurs earlier. OS was
measured from the treatment start date to the date of death
or last follow-up. Safety assessment was performed during
every patient visit. Time to event outcomes were estimated
using the Kaplan-Meier method. All statistical tests were
based on a two-sided alpha level of .05. Statistical analyses
were performed using Stata/SE version 16.0 statistical
software (Stata Corp LP, College Station, TX).

RESULTS

Patient Characteristics and Disposition

Fifty previously untreated elderly patients with MCL were
enrolled in the study between October 2015 and November
2019. Baseline patient characteristics are summarized in
Table 1. The median age was 71 years (interquartile range
[IQR] 69-76 years), and 77% were men. Bone marrow in-
volvement andGI tract involvement were observed in 94% (47
of 50) and 79% (19 of 24) of evaluable patients, respectively.
High mantle cell lymphoma international prognostic index
(MIPI) risk score was observed in 16%, and high biologicMIPI
score including Ki-67% was observed in 28% of patients.
TP53 aberrations were detected 3 of 18 (17%) patients in the
bone marrow by either targeted next-generation sequencing
(NGS) or fluorescence in situ hybridization, whereas 4 of 45
(8%) evaluable patients had complex karyotype. Eleven pa-
tients (23%) had a history of atrial fibrillation.

After a median follow-up of 45months (IQR 24-56months),
five patients had died and 45 patients were alive. Overall,
four patients developed disease progression (including
three patients who transformed from classic to blastoid
MCL in two and from classic to pleomorphic in one). Among
these four patients with progression, the Ki-67% at baseline
was 15%, 20%, 30%, and 35% and one patient had a
TP53 mutation. Figure 1 shows the flowchart of patients.

As of January 2021, 28 of 50 (56%) patients discontinued
IR therapy and came off study for various reasons (4 of 50

[8%] disease progression, 21 of 50 [42%] because of
toxicities [including 10 because of grade 3 atrial fibrillation],
and 3 of 50 [6%] for miscellaneous reasons). At the time of
study discontinuation, 16 of 28 (57%) patients were in CR.
Among the 10 patients with atrial fibrillation, six patients
were new onset and four patients had a history of atrial
fibrillation. Among the 14 patients who discontinued IR
therapy for miscellaneous reasons, two were due to other
cancers, three were due to bleeding, three were due to
infections, five were due to intolerance, and one was by

TABLE 1. Baseline Patient Characteristics (n 5 50)
Characteristic No. (%) or Median (range)

Median age, years 71 (65-84)

Male/female 37 (77)/13 (23)

ECOG performance status (0-1) 49 (98)

Bone marrow involvement 47 (94)

Ann Arbor disease stage (I, II, III, IV) 0, 0, 2, 48

No. of extra-nodal sites (0, # 1, . 1) 4, 13, 33

GI involvementa 19 (79)

SOX-11 positive/negative statusb 23 (79)/6 (21)

Serum LDH (. ULN) in IU/L 11 (22)

MIPI (simplified/biologic)c

Low risk 12 (24)/3 (6)

Intermediate risk 30 (60)/33 (66)

High risk 8 (16)/14 (28)

Serum b2M (mg/L), median 2.9 (1-7.8)

Complex karyotype–positived 4 (8)

Prior atrial fibrillation 11 (23)

Ki-67%e

, 30% 36 (75)

$ 30%-50% 12 (25)

TP53 status (positive/negative)f 3 (17)/15 (83)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; FISH,
fluorescence in situ hybridization; GIT, GI tract; LDH, lactate
dehydrogenase; MCL, mantle cell lymphoma; MIPI, mantle cell
lymphoma international prognostic index; NGS, next-generation
sequencing; ULN, upper limit of normal.

aGIT involvement is confirmed by endoscopic biopsies, 24 patients
underwent baseline GI endoscopies, and 19 confirmed MCL, whereas
five were negative on GI biopsy for MCL.

bTotally, 29 were tested for SOX-11 status in baseline biopsies.
cBiologic MIPI included Ki-67%.
dTotally, 45 patients were evaluable for karyotype testing and four

had complex karyotype, defined by $ 3 unrelated cytogenetic
abnormalities in addition to t(11;14) in patients with MCL.

eKi-67% was obtained from tissue biopsies not from bone marrow.
fTP53 status was determined by FISH testing in 10 patients (two

positive) and TP53 mutation testing by clinically applicable targeted
NGS in 15 patients (three positive), in two patients, both FISH and gene
sequencing were positive, and TP53-positive patients included
patients who had either FISH- or NGS-positive for TP53.
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patient choice. The causes of discontinuation (n5 28) and
causes of death (n 5 5) are summarized in Table 2.

Efficacy

The investigator-assessed best ORR was 96% (46 of 48),
CR 71% (34 of 48), PR 25% (12 of 48), and stable disease
4% (2 of 48). Two patients were not evaluable for response
assessment since they came off study within 1 month after
therapy initiation (one because of GI bleed and the other
because of grade 3 atrial fibrillation).With an intent to treat,
the best ORR was 92% (46 of 50) and CR was 68% (34 of
50). Forty patients had baseline PET-computed tomogra-
phy scans performed, and 35 were positive. Among these
35 patients, 26 achieved complete metabolic response at
best response (74%), eight did not have PET scan at best
response, and one patient had residual disease. Of the 26
patients with CMR, 21 (81%) had bone marrow–negative
for MCL, one had residual disease, and four patients did not
have bone marrow evaluation. The median number of IR
cycles to reach CR was seven (range 2-51).

We further evaluated responses in patients with Ki-67%
(, 30%) and Ki-67% ($ 30%-50%), and the n of N, ORR
(n of N; CR) were 37 of 38, 97% (28 of 38; 74%) and 9 of
12, 75% (6 of 12; 50%), respectively (P, .001). Within the
18 evaluable patients for TP53 aberrations (three positive
and 15 negative for TP53 aberrations), the n of N, ORR
(CR) were 2 of 3, 66% (1 of 3, 33%) and 14 of 15, 94% (10
of 15, 67%), respectively, P , .001. Bone marrow flow
cytometry assessment was performed at their best

response in 32 patients, and 27 of 32 patients (84%) were
negative for MCL cells.

Time to Event Outcomes

With a median follow-up of 45 months (IQR 24-56months),
overall, five patients had died and seven patients pro-
gressed or died (whichever occurred earlier). None of the
deaths were on study. The median PFS and OS were not
reached, and the 3-year PFS and OS were 87% (95% CI,
0.73 to 0.94) and 94% (95% CI, 0.82 to 0.98), respectively
(Figs 2A and 2D). Patients with high Ki-67% ($ 30%-50%)
had a trend of higher risk of progression and/or death
compared with those with low Ki-67% (, 30%), P 5 not
significant (Figs 1E and 2B). Patients who achieved CR as
their best response had significantly longer PFS and OS
compared with those who did not achieve CR, Figures 1F
and 2C.

Furthermore, significantly higher risk of progression was
noted in patients with high-risk simplified and modified
MIPI score (Data Supplement). No difference in PFS was
observed in patients with or without TP53 aberrations and
those with or without complex karyotype (Data Supple-
ment); however, OS was inferior in high-risk patients (Data
Supplement).

Adverse Events

The adverse event profile on IR therapy is summarized in
Table 3. Most adverse events were grade 1 or 2 ($ 50%
frequency—fatigue, neuropathy, diarrhea, myalgia, and

Patients enrolled (N = 50)

Because of progression (n = 4)
Because of

intolerance (n = 21)

Because of bleeding (n = 3)

Because of other causes (n = 8)

Because of miscellaneous
causes (n = 3)

Came off
study (n = 28) 

Patients died, none 
on study deaths (n = 5)

Because of atrial fibrillation
(n = 10; 6 new onset and 4 recurrent)

FIG 1. Flowchart of patient treatment and disposition. The induction treatment consisted of
ibrutinib administered at 560mg once daily on days 1-28 of a 28-day cycle and rituximabweekly
for 4 weeks during cycle 1 and then day 1 of every cycle starting in cycles 3-8. After cycle 8,
rituximab was given on day 1 of every 2months for up to 2 years, and after 2 years, ibrutinib was
administered in continuous cycles until disease progression or unacceptable toxicity or any other
reason of discontinuation. Of the 50 patients enrolled, 28 came off study for various reasons.
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oral mucositis were common). The most frequent grade 3-4
toxicities were 22% atrial fibrillation (n 5 11), 18% fatigue
(n5 9), 14% diarrhea (n5 6), and 14% myalgias (n5 7).
Grade 3-4 hematologic toxicities were 4% anemia (n 5 2),
8% neutropenia (n 5 4), and 4% thrombocytopenia
(n 5 2). Four patients developed grade 3-4 bleeding while
on ibrutinib (included hematuria, bronchopulmonary
hemorrhage, GI bleeding, and retinal bleeding), 3 of 4
patients were on aspirin and/or enoxaparin (two on both
and one only on aspirin), and one patient with retinal
bleeding had recent glaucoma surgery and had history of
vitreous surgery. One patient had grade 3 hematuria and
Gram-negative urinary tract infection, which resolved after
antibiotics and therefore resumed on study and maintained
remission. None had grade 5 toxicities.

Overall, 17 of 50 (34%) patients developed atrial fibrillation
and 10 of 17 had discontinued ibrutinib because of grade 3
atrial fibrillation. Of these 17 patients, nine patients (53%)
were without a history of atrial fibrillation and six of them
had baseline ECG abnormalities (including first-degree
atrioventricular block in one, right bundle branch block
in one, sinus bradycardia in three, and one with miscel-
laneous abnormalities). Eight patients had a history of atrial
fibrillation. Fourteen patients were receiving 560 mg
ibrutinib once daily at the onset of atrial fibrillation, whereas
one patient each was taking ibrutinib 420, 280, and
140 mg once daily, respectively. The median age of pa-
tients who developed atrial fibrillation was 71 years (range
66-82 years), the median ejection fraction in pretreatment

echocardiogram was 60% (range 44-75%), and the me-
dian time to onset of atrial fibrillation from the start of
ibrutinib treatment was 9.5months (range 1-48months). In
the Data Supplement, we have described the character-
istics of patients who developed atrial fibrillation and those
patients who did not develop atrial fibrillation. Of particular
note, patients with atrial fibrillation had a higher median
number of baseline cardiovascular risk factors, four (range
1-8), and by contrast, the median number of baseline
cardiovascular risk factors in those patients who did not
develop atrial fibrillation was two (range 1-4). Overall, dose
reduction of ibrutinib was performed in 29 (58%) patients
for various reasons (seven atrial fibrillation [two improved,
whereas five patients had persistent atrial fibrillation or had
recurrence], five infections, five bleeding, five myalgias,
and seven miscellaneous).

Genomic Profiles in Patients according to the Response to

IR Combination

We then performedWES in 25 pretreatment tissue biopsies.
We divided the patients according to best response on IR
therapy (CR and PR). Figure 3A depicts the pattern of
somatic mutations and distribution according to CR versus
PR. Patients with PR were enriched in KMT2D, FAT4,
ROS1, CARD11, ATM, NOTCH1, CCND1, and FAT1 mu-
tations. In Figure 3B, we evaluated the copy number
variation and identified deletions in FAT1, FAT4, ROS1,
and KMT2C were predominantly observed in patients with
PR. Gain of MALT1 in the CR group and gain of SMARCA4
in the PR group were observed. Intratumoral heterogeneity
and domains of specific proteins (KMT2D, CCND1, and
NCOR2 mutants) are shown in the Data Supplement.

Bulk RNA sequencing and DEG according to the response to
IR combination. Sixteen baseline samples were evaluable
for bulk RNA sequencing. A distinct pattern of differentially
expressed genes including CCND1, BIRC3, BANK1,
SETBP1, RRAS2, AXIN2, and IL2RA was observed in
patients who achieved a PR (n5 7) compared with patients
who achieved CR (n 5 9; Figs 3C and 3D). In the Data
Supplement, pathways that are differentially enriched in PR
versus CR are depicted. Gene set enrichment pathway
analysis demonstrated that B-cell receptor (BCR) pathways
were predominantly upregulated in PR patients (Data
Supplement), whereas mitogen-activated protein kinase,
TP53, calcium signaling, and hypoxia-associated pathways
were upregulated in those with CR.

DISCUSSION

Treatment of previously untreated older patients with MCL
is challenging because of generally coexisting comorbid-
ities and age-related complications. Traditionally, older
patients with MCL are treated with chemoimmunotherapy.
In general, adverse effects from chemoimmunotherapies
can limit the quality of life in older patients. The adverse
impact of conventional chemoimmunotherapies2,6-9 on

TABLE 2. Causes of Discontinuation of Ibrutinib-Rituximab in Elderly Patients With
Mantle Cell Lymphoma
Cause of Discontinuation
From Study
(n 5 28; 56%) Description

Disease progression
(n 5 4)

—

Intolerance (n 5 21) Ten atrial fibrillations (six new onset and four
recurrent)

Three bleeding (grade 3 pulmonary hemorrhage,
grade 3 retinal bleed, and GI bleeding)

Eight other grade 3 toxicities (one each for bursitis,
colitis, arthralgias, severe pneumonia, cryptococcal
infection, mycobacterium avium intracellular
infection, myocardial infarction, and multiple
complications [hypertension, chest pain, and
intolerance])

Miscellaneous reasons
(n 5 3)

Two second cancers (ca prostate and ca esophagus)
One by patient choice

Dose
Rate of Dose Reductiona

(n 5 29 of 50; 58%)

560-420 mg 16 of 29 (55%)

560-280 mg 10 of 29 (35%)

560-140 mg 3 of 29 (10%)

aThree patients required more than two dose reductions.
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FIG 2. Survival outcomes after a median follow-up of 45 months. (A) The median PFS in all patients was not reached. (B) PFS by Ki-67% was not
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patient’s performance status, worsening of comorbidities,
risk of severe infections, second cancers, and the need for
hospitalization are the major factors to consider in treating
older patients with MCL. Therefore, development of safe
and efficacious therapies for older patients with MCL is a
major unmet need. The advent of orally administered and
well-tolerated nonchemotherapeutic targeted agents, such
as ibrutinib, was significant for older patients with MCL.
After the approval of BTK inhibitors in relapsed MCL,10-14 it
was natural to investigate ibrutinib with rituximab combi-
nation in the frontline setting. Therefore, we designed this

completely chemotherapy-free approach with IR combi-
nation for previously untreated older patients with MCL.

There has been a continuous natural evolution of frontline
therapies for the elderly patients with MCL. In the Data
Supplement, we have summarized the results from previous
studies in elderly patients with MCL after other standard
therapies. Chemoimmunotherapy, such as rituximab, cy-
clophosphamide, doxorubicin hydrochloride, vincristine and
prednisone–based studies, induced an ORR (CR) of 86%
(34%) in the MCL elderly study,6 and bortezomib–rituximab,
cyclophosphamide, doxorubicin, and prednisone,7 92%
(53%), whereas the other commonly practiced bend-
amustine-rituximab–based studies induced an ORR (CR) of
93% (40%) in the StiL study.21 Other bendamustine-rit-
uximab–based studies with rituximab, bendamustine, and
cytarabine induced an ORR (CR) of 91% (91%),8 and in the
rituximab, bendamustine, bortezomib and dexamethasone22

study, 84% (75%). Of note, the rituximab, bendamustine,
and cytarabine therapy8 was alsomyelosuppressive (50%) in
older patients with MCL. With chemoimmunotherapies, the
grade 3-4 myelosuppression was observed in 40%-50% of
patients and with a longer follow-up, about 10% of patients
developed second cancers. Furthermore, lenalidomide with
rituximab23 combination was investigated in the frontline
setting (excluding blastoid/pleomorphic histology) in a phase
II multicenter study (n5 38; 24 patients age. 60 years), but
16% of patients developed second cancers and 42% de-
veloped grade 3 neutropenia, similar to myelosuppression
observed with chemoimmunotherapies. The combination of
lenalidomide with bendamustine rituximab24 was also in-
vestigated in elderly patients with MCL and was associated
with 38% grade 3 neutropenia, 42% severe infections, and
16% risk of second primary cancers.

It is in such a historical context that we designed the current
trial. Our study excluded patients with Ki-67%. 50% and/
or blastoid/pleomorphic histology because we were not
confident that this combination would be effective in pa-
tients with high-risk MCL. Our data demonstrated a lower
rate of grade 3-4 myelosuppression and a lower risk of
hospitalization for infections (, 10%) than previously
published chemoimmunotherapy results.6-8 These were
the major advantages of IR combination in elderly patients
with MCL, compared with other treatment modalities with
chemoimmunotherapy or lenalidomide-rituximab.

Of note, after a median follow-up of 45 months, 28 (56%)
patients had discontinued IR therapy for various reasons,
mainly because of intolerance in 21 of 28 patients. The
median time to IR discontinuation was 32.6 months (Data
Supplement). Although the rate of discontinuation because

TABLE 3. Summary of Adverse Events (AE) During Ibrutinib-
Rituximab Treatment

AE Type

No. (%)

Grade 1 Grade 2 Grade 3 Grade 4

Hematologic

Anemia 13 (26) 5 (10) 2 (4) —

Neutropenia 5 (10) 3 (6) 2 (4) 2 (4)

Thrombocytopenia 17 (34) 3 (6) 2 (4) —

Nonhematologic

Atrial fibrillationa 1 (1) 5 (10) 11 (22) —

Bruising/petechiae 22 (44) 4 (8) — —

Bleedingb 3 (6) 2 (4) 4 (8) —

Blurred vision 18 (36) 7 (14) 2 (4) —

Constipation 17 (34) 6 (12) 1 (1) —

Dizziness 15 (30) 10 (20) 4 (8) —

Dry eyes 14 (28) 5 (10) 1 (1) —

Diarrhea 24 (48) 9 (18) 6 (12) 1 (1)

Infections 7 (14) 9 (18) 4 (8) —

Impaired memory 15 (30) 1 (1) 5 (10) —

Hypertension 3 (1) 6 (12) 3 (6) —

Fatigue 12 (24) 23 (46) 9 (18) —

Limb edema 19 (38) 8 (16) 2 (4) —

Myalgia 20 (40) 6 (12) 7 (14) —

Nausea 15 (30) 8 (16) 4 (8) —

Neuropathy 21 (42) 7 (14) 1 (1) —

Oral mucositis 16 (32) 8 (16) 2 (4) —

Rash 18 (36) 4 (8) 2 (4) —

Abbreviation: AE, adverse event.
aOverall, 17 of 50 (34%) patients developed atrial fibrillation and 9 of

50 (18%) were patients with new-onset atrial fibrillation.
bBoth grade 1 and 2 bleeding events were epistaxis, whereas grade

3 bleeding included hematuria, bronchopulmonary hemorrhage, GI
bleeding, and retinal bleeding.

FIG 2. (Continued). in those patients with high Ki-67%, HR of 2.62, P 5 .190. (C) PFS by CR status. Patients who achieved CR as the best response to IR
therapy had a significantly better PFS compared with those patients without CR as the best response, P5 .003. (D) The median OS in all patients was not
reached. (E) OS by Ki-67% was not significantly different between low and high Ki-67% categories (P5 .356). (F) OS by CR status. Patients who achieved
CR as the best response to IR therapy had a significantly better OS compared with those patients without CR as the best response, P5 .002. CR, complete
response; HR, hazard ratio; IR, ibrutinib-rituximab; OS, overall survival; PFS, progression-free survival.
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of disease progression (8%) was lower than some other
therapies (40%-60%),6,23 the rate of study discontinuation
because of intolerance (42%) was higher in this study
compared with previous studies with other therapies (10%-
25%).6,8,23 Furthermore, with a nearly similar median follow-
up, the rate of study discontinuation because of intolerance
was higher in our study compared with the IR combination in
relapsedMCL15 (56% v 18%, respectively). Possible reasons
for these differences could be elderly patient population with
comorbidities since 6 of 9 patients who discontinued IR
combination in relapsed MCL were age $ 65 years.

Moreover, IR combination in relapsed MCL demonstrated
that the incidence of atrial fibrillation was , 12%.15,25 In
this study, 17 patients developed atrial fibrillation. The
numbers of baseline cardiovascular risk factors and
baseline asymptomatic ECG abnormalities were higher in
patients who developed atrial fibrillation compared with
patients who did not develop atrial fibrillation, with median
of 4 (range 1-8) vs median of 2 (range 1-4) and 13 of 17
(76%) versus 17 of 33 (51%) patients, respectively (de-
scribed in the Data Supplement). These differences could
potentially explain the increased incidence of atrial fibril-
lation observed in this study. At the time of initial enrollment
in 2015 for this study, our screening process did not include
a comprehensive cardiology evaluation in any patients before
treatment with ibrutinib. Our results demonstrate that ap-
propriate patient selection from cardiology standpoint before
IR therapy is important. Recently, an echocardiogram-based
baseline parameter such as left atrial volume index$ 40 mL/
m2 has been reported26 by cardiologists to identify patients
who are prone to develop ibrutinib-associated atrial fibrilla-
tion.27 To mitigate the risk of discontinuation because of in-
tolerance, a frontline phase II study with acalabrutinib-
rituximab in elderly patients with MCL is conducted at our
center (NCT04765111).

With respect to survival outcomes, the median PFS and OS
were not reached after almost a 4-year follow-up, but sig-
nificantly higher risk of events was noted in patients with
high-risk MIPI and those who did not attain CR. On com-
paring patients with a high ($ 30%) and low (, 30%) Ki-67
index, the PFS and OS were not significantly different, but
higher risk of progression event was noticeable in those
patients with Ki-67 higher than 30%. Only three patients

among the 18 evaluable patients had TP53 aberrations,
where one patient progressed while other two discontinued
therapy because of intolerance. The response rates in this
limited number of patients with TP53 aberration were lower
compared with patients without TP53 aberrations. These
data further suggest that for elderly patients with high-risk3

MCL, IR combination alone may not be sufficient and we will
need to develop newer treatment modalities for these elderly
patients with high-riskMCL. Furthermore, this is a single-arm
study, which excluded high-risk (blastoid or Ki-67%. 50%)
patients and may induce a selection bias, and therefore, the
true efficacy of this regimen in MCL across various risk
categories should be further evaluated in a randomized
study and should be compared with standard treatments.

We further investigated for genomic predictors of response,
using WES and bulk RNA sequencing, among the evalu-
able baseline tumor tissues. Our WES data demonstrate
that partial responders to IR were enriched in KMT2D,
FAT1, FAT4 (cell adhesion factor), ROS1, CARD11,
NOTCH1, NSD2, and CCND1 mutations. These findings
are consistent with other previous studies28-32 showing
disease resistance to BTK inhibitors with these mutations;
however, STAB1 gene (lymphocyte homing and angio-
genesis) deletions and ROS1mutations were not previously
reported in MCL.NCOR2mutations were clustered in those
with CR, and this could mediate the downregulation of
targeted genes, which are unknown at this time in MCL.

Furthermore, the DEG data are interesting and demonstrate
that BCR signaling pathway aberrations are predominant in
patients with PR compared with those in CR. A cluster of
differentially overexpressed genes—CCND1, BIRC3,
BANK1, SETBP1, RRAS2, AXIN2, and IL2RA, were ob-
served in patients who achieved a PR (n 5 7) compared
with patients who achieved CR (n 5 9). Of note, BANK1
gene33 expression is associated with sustained BCR sig-
naling in lupus patients. These genomic data provide us a
cleaner evidence to evaluate the baseline transcriptomic
signature and understand the complexity of the BCR sig-
naling pathway,34 adapter proteins, and their relationship
with the tumor microenvironment in MCL.

To conclude, IR combination is an effective, easily ad-
ministered, and chemotherapy-free option in elderly pa-
tients with nonblastoid (and/or Ki-67 , 50%) MCL. New

FIG 3. (Continued). pretreatment MCL samples (n 5 25). The bottom panel shows somatic mutations and gene-level copy number alterations by sample
(column) and by gene (row). Themiddle tracks display the clinical characteristics. The histogram on the top shows the number of alterations accumulated on
28 listed genes in each individual patient. The right bar plots show the composite of all mutations between CR (C1) and PR (C2) groups. Fisher’s exact test,
P, .05. (B) Composite of copy number profiles between CR and PR groups, with gains in red and losses in blue. The regions that showed a difference in the
frequency of copy number alterations between two subtypes are shaded in light red rectangles, and within which the names of cancer-related or biologically
important genes are labeled (STAB1, FAT1, FAT4, KMT2C, MALT1, SMARCA4, ROS1, NCOR2, and RB1). (C) Transcriptomic profile of baseline tumor
specimens from 16 patients with MCL is shown, CR (C1) and PR (C2). Unsupervised hierarchical clustering of DEGs on RNA-seq analysis is shown. Genes
with log2(fold change) . 1 and a FDR q , 0.05 were applied to filter DEGs. Biologically important genes are labeled on the right of the plot. The top tracks
show clinical characteristics among the samples. A Fisher’s exact test is used to identify significant clinical factors; response was significantly correlated with
the DEGs (P 5 .003). (D) Violin plot indicates biologically important DEGs among the three clusters. BM, bone marrow; CR, complete response; DEG,
differentially expressed gene; FDR, false discovery rate; MCL, mantle cell lymphoma; PR, partial response; WES, whole-exome sequencing.
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onset atrial fibrillation was observed in nine patients (18%).
We recommend that pretreatment assessment of cardio-
vascular risk factors is beneficial before IR therapy. Long-

term follow-up and randomized studies with standard
treatments are needed to further evaluate the efficacy,
safety, and pattern of relapse with IR combination.
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