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Key Points

•With extended follow-
up, ibrutinib demon-
strated durable clinical
benefit in patients with
relapsed/refractory
MZL.

•Biomarker data corre-
lated with clinical out-
comes and suggest
that ibrutinib’s efficacy
may be related to its
disruption of NF-kB
signaling.

Advanced marginal zone lymphoma (MZL) is an incurable B-cell malignancy dependent on

B-cell receptor signaling. The phase 2 PCYC-1121 study demonstrated the safety and efficacy

of single-agent ibrutinib 560 mg/d in 63 patients with relapsed/refractory MZL treated with

prior rituximab (RTX) or rituximab-based chemoimmunotherapy (RTX-CIT). We report the

final analysis of PCYC-1121 with median follow-up of 33.1 months (range: 1.4-44.6). Overall

response rate (ORR) was 58%; median duration of response (DOR) was 27.6 months (95%

confidence interval [CI]: 12.1 to not estimable [NE]); median progression-free survival (PFS)

was 15.7 months (95% CI: 12.2-30.4); and median overall survival (OS) was not reached (95%

CI: NE to NE). Patients with prior RTX treatment had better outcomes (ORR: 81%; median

DOR: not reached [95% CI: 12.2 to NE]; median PFS: 30.4 months [95% CI: 22.1 to NE]; median

OS: not reached [95% CI: 30.3 to NE]) vs those with prior RTX-CIT treatment (ORR: 51%; DOR:

12.4 months [95% CI: 2.8 to NE]; PFS: 13.8 months [95% CI: 8.3-22.5]; OS: not reached [95% CI:

NE to NE]). ORRs were 63%, 47%, and 62% for extranodal, nodal, and splenic subtypes,

respectively. With up to 45 months of ibrutinib treatment, the safety profile remained

consistent with prior reports. The most common grade $3 event was anemia (16%).

Exploratory biomarker analysis showed NF-kB pathway gene mutations correlated with

outcomes. Final analysis of PCYC-1121 demonstrated long-term safety and efficacy of

ibrutinib in patients with relapsed/refractory MZL, regardless of prior treatment or MZL

subtype. This trial was registered at www.clinicaltrials.gov as #NCT01980628.

Introduction

Marginal zone lymphoma (MZL) is an indolent B-cell malignancy with an estimated incidence of ;7500
new cases annually in the United States.1 Given the indolent nature of the disease course, patients can
live for many years after diagnosis, with median overall survival (OS) durations of .12 years for
extranodal MZL and .8 years for both nodal and splenic MZL.1,2 Although patients with localized
disease can be treated curatively, advanced MZL is incurable, and treatment approaches generally
follow those of the more common follicular lymphoma.3,4 Although the disease course of MZL is similar
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to that of follicular lymphoma, the differences in biology have
treatment implications.5-7 Overall, intermittent treatment, the need
for surveillance, and the morbidity of therapy have a psychological,
physical, and financial burden.8

First-line treatment options for advancedMZL include anti-CD20antibody
monotherapy, chemotherapy, and combination chemoimmunotherapy.3,4

Most patients will experience relapse after first-line therapy, but
until recently the only treatment option for patients with relapsed
disease was re-treatment with the same agents.3,4 However,
cumulative toxicity, particularly with alkylating agents, can lead to
stem cell damage, myelodysplasia, and acute myeloid leukemia
with an unfavorable prognosis.9 The estimated incidence of
treatment-related myelodysplasia or acute myeloid leukemia
ranges from 1% to 6% with 20 years of follow-up after conventional
chemotherapy.9

Bruton tyrosine kinase (BTK) is a key component of the B-cell
receptor signaling pathway.10,11 Genetic BTK mutations lead to
a state of immunodeficiency characterized by a lack of mature B
lymphocytes, namely, X-linked agammaglobulinemia (Bruton agam-
maglobulinemia).12 Therefore, inhibition of the B-cell receptor
signaling pathway was anticipated to be therapeutic in B-cell
malignancies by impeding migration, proliferation, and survival of
tumor cells in B-cell malignancies.10-15 Ibrutinib is a once-daily BTK
inhibitor approved in the United States for the treatment of patients
with MZL who require systemic therapy and have received at least 1
prior anti-CD20–based therapy.16

PCYC-1121, the phase 2 study leading to the Food and Drug
Administration approval of ibrutinib for previously treated MZL,
demonstrated the efficacy and safety of single-agent ibrutinib
across all subtypes of MZL (ie, extranodal lymphoma of mucosa-
associated lymphoid tissue [MALT], nodal, and splenic).17 It was
also one of the largest prospective trials conducted in advanced
stage MZL. After a median follow-up of 19.4 months in the PCYC-
1121 study (primary analysis), the overall response rate (ORR) was
48% by independent review; median duration of response (DOR)
was not yet reached, and median progression-free survival (PFS)
was 14.2 months. A subgroup analysis demonstrated higher
response rates in patients who received only prior rituximab (RTX;
69%) compared with those who had received prior rituximab-based
chemoimmunotherapy (RTX-CIT; 46%). Because ibrutinib treat-
ment requires chronic dosing, long-term follow-up is necessary to
determine the safety and efficacy of ibrutinib over extended dosing
periods.

The final efficacy and safety analysis from PCYC-1121 after
a median of 33 months of follow-up is presented here. We analyzed
subgroups based on the major MZL subtypes (extranodal, nodal,
and splenic) and prior lines of therapy (RTX or RTX-CIT). We also
conducted biomarker analyses investigating the correlation of
somatic variants with clinical outcomes.

Materials and methods

Study design

PCYC-1121 (#NCT01980628) was a phase 2, multicenter, open-
label, nonrandomized trial designed to assess the efficacy and
safety of single-agent ibrutinib in patients with relapsed/refractory
MZL. Study design details have been previously published.17 In
brief, patients aged $18 years with histologically confirmed MZL of

any subtype who were previously treated with$1 anti-CD20–directed
treatment and had disease progression or failed to achieve at least
a partial response (PR) with their most recent treatment received
oral ibrutinib 560 mg once daily until unacceptable toxicity, disease
progression, or patient withdrawal. PCYC-1121 was approved by
institutional review boards or independent ethics committees and
was conducted according to the principles of the Declaration of
Helsinki and the Good Clinical Practice guidelines from the
International Conference on Harmonization. All patients provided
written informed consent.

Safety and response assessments

ORR was evaluated by investigators according to the 2007
International Working Group for Non-Hodgkin Lymphoma criteria.18

Response was assessed via computed tomography or magnetic
resonance imaging every 12 weeks from the first dose of ibrutinib.
Other key efficacy outcomes were DOR, PFS, and OS. Adverse
events (AEs) were reported up to 30 days after last treatment dose
and regardless of attribution to study drug. Laboratory abnormalities
of clinical significance as determined by the investigator were also
reported. Severity of AEs was graded according to Common
Terminology Criteria for Adverse Events, version 4.03.

Biomarker analysis

In prespecified exploratory analyses, mutation profiling was
performed on all available baseline tumor samples using the
cancer-specific ACE Extended Cancer Panel (Personalis, Menlo
Park, CA), which includes ;1400 cancer genes and ;200
microRNA genes. Associations of somatic variants with known
clinical relevance in MZL (including MYD88, A20, CARD11,
KMT2D, and NOTCH-2)19-21 to aforementioned efficacy measures
of best response, DOR, PFS, OS, and maximum change from
baseline in sum of the products of longest diameters (SPD) of tumor
lesions were analyzed. Results with correlations of P , .05 are
reported; exploratory analyses were not powered for significance.

Statistical analysis

Baseline characteristics and safety were assessed in the intention-
to-treat (ITT) population, defined as patients who received at least 1
dose of ibrutinib. Efficacy was assessed in the efficacy population,
defined as patients with measurable disease at baseline who
received at least 1 dose of ibrutinib. Efficacy outcomes were
analyzed descriptively by subgroups based on prior line of therapy
(RTX or RTX-CIT) and by MZL subtype (extranodal, nodal, or
splenic).

ORR was defined as the proportion of patients with a complete
response (CR) or PR and was calculated with the corresponding
2-sided 95% confidence interval (CI). The Kaplan-Meier method
was used to estimate time to event end points. For the overall
population and subgroup analyses, landmark rates are provided at
33 months and correspond with the median follow-up duration.
Change in tumor size was assessed by maximum change in SPDs.

Results

Detailed baseline characteristics of the 63 patients included in the
study have been reported previously.17 MZL subtypes were as
follows: 32 patients (51%) extranodal, 17 patients (27%) nodal, and
14 patients (22%) splenic. Patients had received a median of 2 prior
lines of systemic therapy (range: 1-9). Seventeen patients (27%)
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had received prior treatment with single-agent RTX only; 40
patients (63%) were treated with prior RTX-CIT, and 6 patients
(10%) received other prior therapy (Table 1). At the time of final
analysis, the median follow-up duration was 33.1 months (range:
1.4-44.6). Treatment discontinuations during the study were due to
progressive disease (PD; n 5 23, 37%), AEs (n 5 12, 19%),
physician decision (8%), withdrawal of consent (6%), and non-
compliance (2%). Median duration of treatment was 11.6 months
(range: 0.2-44.6). At study closure, 18 patients (29%) were still on
therapy, 16 of whom opted to participate in a separate treatment
extension study (#NCT03229200). All 63 patients were included in
the ITT population, and 60 patients were included in the efficacy
population. Three patients had nonmeasurable disease at baseline
and were excluded from the efficacy population.

Long-term efficacy

With long-term treatment, the investigator-assessed ORR in-
creased from 53% at the primary analysis to 58% at the final
analysis. At the time of the final analysis, 10% of patients (n 5 6)
had achieved a best response of CR; 48% (n5 29) achieved a PR;
30% (n 5 18) had stable disease (SD), and 5% (n 5 3) had PD.
Four patients who discontinued before the first response assess-
ment were counted as nonresponders (Figure 1A). ORR increased

from 48% at 1 year to 58% at 3 years, and CR rates increased from
5% at 1 year to 10% at 3 years (Figure 1B). The first response
assessment was at 3 months after treatment initiation, and the
median time to initial response was 5.6 months (range: 2.4-22.4).
Median DOR from the time of initial response was 27.6 months
(95% CI: 12.1 to not estimable [NE]); 48% of patients remained
with a response at month 33. Median investigator-assessed PFS
was 15.0 months at the primary analysis and 15.7 months (95% CI:
12.2-30.4) in the final analysis, with a PFS rate of 32% at month 33
(Figure 2A). Median OS was not reached, and the OS rate at month
33 was 72% (Figure 2B).

Subgroup efficacy analysis by prior therapy

Of the patients treated with prior single-agent RTX, ORR was 81%
with 19% CR (n5 3) and 63% PR (n5 10); 19% (n5 3) had SD,
and no patients had PD. Among those treated with prior RTX-CIT,
ORR was 51% with 8% CR (n5 3) and 44% PR (n5 17); 36% of
patients (n 5 14) had SD and 5% (n 5 2) had PD (Figure 1A;
supplemental Figure 1). A reduction in tumor size was observed in
81% of patients (48/59), including 88% (15/17) treated with prior
RTX and 78% (29/37) treated with prior RTX-CIT; 4 patients who
discontinued before the first response assessment were excluded
(Figure 1C). Patients treated with prior single-agent RTX had

Table 1. Baseline characteristics and patient disposition

Characteristic

Prior line of therapy

Total (N 5 63)RTX (n 5 17) RTX-CIT (n 5 40) Other* (n 5 6)

Median age (range), y 66.0 (30-86) 64.5 (41-90) 82.0 (57-92) 66.0 (30-92)

Age $65 y, n (%) 11 (65) 20 (50) 5 (83) 36 (57)

Bulky disease status, n (%)

Not bulky (#6 cm) 12 (71) 27 (68) 4 (67) 43 (68)

Bulky (.6 cm) 3 (18) 10 (25) 1 (17) 14 (22)

NA, spleen only 2 (12) 3 (8) 1 (17) 6 (10)

Bone marrow involvement, n (%) 8 (47) 13 (33) 0 21 (33)

Baseline cytopenias, n (%)

Any cytopenia 10 (59) 15 (38) 2 (33) 27 (43)

Hemoglobin #11 g/dL 10 (59) 15 (38) 2 (33) 27 (43)

Platelets #100 3 109/L 1 (6) 5 (13) 0 6 (10)

ANC #1.5 3 109/L 1 (6) 0 0 1 (2)

LDH $350 U/L, n (%) 1 (6) 10 (25) 1 (17) 12 (19)

Creatinine clearance ,60 mL/min, n (%) 1 (6) 4 (10) 4 (67) 9 (14)

Median number of prior systemic therapies (range) 1.0 (1-4) 2.0 (1-9) 2.5 (2-5) 2.0 (1-9)

1, n (%) 14 (82) 9 (23) 0 23 (37)

2, n (%) 2 (12) 13 (33) 3 (50) 18 (29)

$3, n (%) 1 (6) 18 (45) 3 (50) 22 (35)

Patients refractory† to their last prior therapy at enrollment, n (%) 8 (57) 4 (10) 2 (33) 14 (22)

Distribution of MZL subtype, n (%)‡

Extranodal 9 (53) 21 (53) 2 (33) 32 (51)

Nodal 1 (6) 13 (33) 3 (50) 17 (27)

Splenic 7 (41) 6 (15) 1 (17) 14 (22)

ANC, absolute neutrophil count; LDH, lactate dehydrogenase; NA, not applicable.
*Patients in the “Other” category had prior treatment with both single-agent RTX and chemotherapy or investigational therapies.
†Defined as documented failure to achieve at least PR.
‡Percentages may not total 100 because of rounding.
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a median time to initial response of 2.8 months (range: 2.4-19.4),
whereas those treated with prior RTX-CIT had a median time to initial
response of 5.6 months (range: 2.7-22.4). Median DOR in patients
treated with prior RTX was not reached (95% CI: 12.2 to NE). DOR
in those treated with prior RTX-CIT was 12.4 months (95%CI: 2.8 to
NE). For patients treated with prior RTX, the DOR rate at 33 months
from the time of initial response was NE (95% CI: NE to NE); for
those treated with prior RTX-CIT, the DOR rate at 33 months from
the time of initial response was 47% (95%CI: 24.4 to 67.3) (Table 2).

Of the patients treated with prior RTX, median PFS was 30.4 months
(33-month PFS rate, 32% [95% CI: 6.4-61.5]), whereas median

PFS was 13.8 months (33-month PFS rate, 30% [95% CI:
15.8-45.7]) for patients treated with prior RTX-CIT (Figure 2A;
Table 2). Median OS for patients treated with prior RTX and
RTX-CIT was not reached. OS rates at 33 months were similar
regardless of prior line of therapy (prior RTX, 75% [95% CI:
46.3-89.8]; prior RTX-CIT, 76% [95% CI: 58.1-86.5]) (Figure 2B;
Table 2).

Subgroup efficacy analysis by MZL subtype

Response rates were substantial across all MZL subtypes. ORRs
were 63% (19/30 patients), 47% (8/17), and 62% (8/13) for
patients with the extranodal, nodal, and splenic subtypes,
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respectively (supplemental Figure 1; supplemental Table 1). PFS
and OS for the MZL subtypes are shown in supplemental Figures 2
and 3. Median time to initial response ranged from 2.8 months in
patients with splenic MZL to 16.6 months in patients with nodal
MZL. DOR, PFS, and OS rates at 33 months were generally similar
across MZL subtypes (Table 2).

Safety

All patients had a treatment-emergent adverse event (TEAE), and
71% (n 5 45) had a TEAE of grade 3 or higher. The most common
TEAEs of any grade were diarrhea (48%; n 5 30), fatigue (46%;
n 5 29), anemia (37%; n 5 23), and nausea (32%; n 5 20); the
prevalence of the most common TEAEs of any grade generally
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remained stable or decreased over time (Figure 3A). The most
common grade 3 or higher TEAE was anemia (16%; n 5 10)
(Figure 3B). Overall, the prevalence of grade 3 or higher TEAEs
decreased from 59% in years.0 to 1 to 42% in years.1 to 2, and
to 36% in years .2 to 3. Grade 3 or higher infections occurred in
22% of patients (n 5 14); most of these infections occurred within
the first year of treatment (n 5 10), with 4 patients experiencing an
infection after the first year of treatment. Atrial fibrillation occurred in
8% of patients (n 5 5). Of these 5 patients, 3 had atrial fibrillation
events within the first year of treatment. All atrial fibrillation events
were grade 1/2 in severity, and none required dose modification or
discontinuation of ibrutinib. Bleeding events of any grade occurred
in 68% of patients (n 5 43) and were primarily grade 1/2 (65%;
n 5 41); major hemorrhage occurred in 3% of patients (n 5 2).
Serious TEAEs occurred in 46% of patients (n 5 29), the most
common of which was pneumonia (8%; n 5 5). TEAEs (grade 1 to
4) led to discontinuation in 17% of patients (n 5 11) and included
diarrhea (n 5 2); pneumonia (n 5 2); and eosinophilic pneumonia,
abnormal hepatic function, lymphoma, pneumonitis, pulmonary
embolism, rash maculopapular, and rash papular (n 5 1 each).
Discontinuation occurred primarily within the first year of treatment
(10/11 patients). Overall, 5% of patients (n 5 3) had TEAEs
resulting in death: worsening of disease (n5 1), parainfluenza virus
infection leading to multiple organ dysfunction syndrome (n 5 1),
and cerebral hemorrhage (n 5 1). Of these, death due to
parainfluenza virus infection was deemed possibly related to
ibrutinib. Cerebral hemorrhage occurred in a patient 19 days after
ibrutinib discontinuation and was reported as unlikely related to
ibrutinib, as the patient received anticoagulation with dalteparin
prior to the bleeding event.

Biomarkers

Forty-one patients had baseline targeted DNA-sequence data
available for biomarker analyses; in these patients, outcomes data
were also available for best response (n5 38), DOR (n5 25), PFS
(n 5 41), OS (n5 41), and SPD (n5 38). Of the clinically relevant
genes tested, mutations of 2 genes correlated with improved
efficacy. Among 38 patients with SPD data, those with mutations in
A20 (TNFAIP3; n 5 10) had significantly greater tumor shrinkage
than wild type (P 5 .0117; Figure 4A). Among 24 patients with the
extranodal MZL subtype with SPD data, those with mutations in
A20 (n5 7) also had significantly greater tumor shrinkage than wild
type (P 5 .0386; Figure 5A). Among 41 patients with PFS data,
those with a mutation in MYD88 (n 5 9) had significantly longer
median PFS (30.3 months) compared with wild type (12.2 months;
hazard ratio [HR]: 0.36) (P 5 .0500; Figure 4B). PFS was also
longer in patients with the MYD88 L265P variant (n5 7) compared

with wild type (median PFS not reached vs 13.6 months; HR: 0.20)
(P 5 .0174; Figure 5B).

Mutations of 2 genes correlated with poor efficacy. Among 25
patients with available DOR data, those with mutations in KMT2D
(n5 11) and CARD11 (n5 5) had significantly worse median DOR
(6.5 and 7.3 months, respectively) compared with wild type (not
reached for both; HR: 5.01 and 4.36, respectively) (P 5 .0040,
P 5 .0066; Figure 4C-D). We found significantly worse DOR in
patients with extranodal MZL with variants in KMT2D (n 5 8 in 15
patients with DOR data), with a median DOR of 9.7 months vs not
reached in wild type (HR: 7.75) (P 5 .0260; Figure 5C), and
significantly worse PFS in patients with extranodal MZL with
variants in CARD11 (n 5 5 in 25 patients with PFS data), with
a median PFS of 12.1 months vs 28.0 months in wild type (HR:
3.81) (P 5 .0352; Figure 5D). In all analyses, NOTCH-2 mutations
did not significantly correlate to any of the 5 efficacy measures
investigated. Mutations in clinically relevant genes did not correlate
with OS.

Discussion

We assessed the long-term efficacy and safety of single-agent
ibrutinib in patients with relapsed/refractory MZL. With a median
follow-up of 33.1 months in this final analysis of the phase 2 PCYC-
1121 study, representing ;14 months of additional follow-up since
the primary analysis, single-agent ibrutinib continues to demon-
strate durable clinical benefit in patients with relapsed/refractory
MZL. The updated results are consistent across MZL subtypes and
clinical characteristics. Response deepened over time: ORR
increased from 48% at 1 year to 58% at 3 years, and CR rates
increased from 5% at 1 year to 10% at 3 years. After 33 months of
follow-up, OS remained not yet reached. Furthermore, responses
were durable with a median DOR of 27.6 months, with 48% of
patients continuing to respond at 33 months. No new safety signals
emerged. Results of the PCYC-1121 study were the basis for the
first disease-specific approval in relapsed/refractory MZL. These
updated results provide continued evidence of the efficacy and
safety of single-agent ibrutinib and support the use of ibrutinib as
a chemotherapy-free option for relapsed/refractory MZL.

Immunotherapy (RTX monotherapy) or chemoimmunotherapy with
R-CHOP (RTX in combination with cyclophosphamide, doxorubicin,
vincristine, and prednisone) or bendamustine plus RTX (BR) are
standard first- or second-line treatments for indolent non-Hodgkin
lymphomas (NHLs). However, data on the use of these regimens
are typically from trials of predominantly follicular lymphoma with
small subgroups of MZL patients. Most previous studies published
for MZL were conducted in treatment-naive patients who generally

Table 2. Clinical outcomes by MZL subtype and prior therapies

Outcome

MZL subtype Prior therapy

Total (n 5 60)Splenic (n 5 13) Nodal (n 5 17) Extranodal (n 5 30) RTX (n 5 16) RTX-CIT (n 5 39)

Median time to initial response (range), mo 2.8 (2.8-8.4) 16.6 (2.7-22.4) 5.6 (2.4-19.4) 2.8 (2.4-19.4) 5.6 (2.7-22.4) 5.6 (2.4-22.4)

33-mo DOR, % (95% CI) NR (NE to NE) NR (NE to NE) 50 (24.5-70.5) NR (NE to NE) 47 (24.4-67.3) 48 (28.8-65.4)

33-mo PFS, % (95% CI) 42 (15.2-66.5) 24 (6.5-46.6) 32 (13.2-52.1) 32 (6.4-61.5) 30 (15.8-45.7) 32 (19.3-45.3)

33-mo OS, % (95% CI) 66 (32.0-85.8) 69 (40.5-85.6) 76 (56.5-87.9) 75 (46.3-89.8) 76 (58.1-86.5) 72 (58.4-81.9)

NR, not reached.
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have better and more durable responses than patients with
relapsed/refractory MZL. Thus, effective treatment for patients with
relapsed/refractory MZL has been elusive. Treatment with chemo-
therapy or chemoimmunotherapy regimens is associated with grade
3/4 myelosuppression, and treatment with multiple lines of therapy
is associated with poorer outcomes in subsequent therapy for other
B-cell malignancies.22-24 Repetitive treatment with alkylating agents
is also associated with myelodysplasia and acute myelogenous
leukemia.9 Therefore, chemotherapy-free treatment is an attractive
and effective option for patients with relapsed/refractory MZL
following immunotherapy.

The results of the subgroup analyses in patients previously treated
with either single-agent RTX or RTX-CIT should be viewed
alongside other single-agent treatments for indolent NHL, although
comparisons are complicated by differences in patient populations
across studies. At the time of final analysis in the current study, the
ORR for chemotherapy-naive patients treated with prior single-
agent RTX was 81% (CR 19%), whereas the ORR for patients with
prior RTX-CIT was 51% (CR 8%). These findings are consistent
with those of a phase 2 trial conducted in patients with MALT MZL
(n 5 34), in which single-agent RTX yielded an ORR of 73%, with
higher ORR in chemotherapy-naive patients vs those with prior
chemotherapy (87% vs 45%).25 ORRs of 85% to 93% have been
reported with RTX in combination with chemotherapy in studies that
primarily included patients who were treatment- or chemotherapy-
naive.26-30 In the relapsed/refractory setting, RTX combined with
chemotherapy has demonstrated ORRs of 77% to 93% in patients
with MALT MZL, but 29% to 31% of patients developed grade 3/4
cytopenias.31,32 Efficacy has also been observed with phosphati-
dylinositol-3-kinase d inhibitors, with ORRs of 47% to 70% in the
subsets of patients with relapsed/refractory MZL.33,34 Most re-
cently, a study of lenalidomide combined with RTX vs placebo plus
RTX showed ORRs of 65% vs 44% in the subset of patients with
relapsed/refractory MZL, but with no difference in PFS between
treatment arms in the relapsed/refractory MZL subgroup.35

In addition to higher ORRs, chemotherapy-naive patients treated
with prior RTX had a more rapid time to initial response with ibrutinib
than those treated with prior RTX-CIT, longer DOR, and longer PFS,
although PFS and OS rates at 33 months did not differ according to
prior therapy. Collectively, these results suggest that use of single-
agent ibrutinib in earlier lines of therapy may optimize efficacy
outcomes in patients with relapsed/refractory MZL.

With up to 45 months of ibrutinib treatment, the safety profile of
single-agent ibrutinib remained consistent with observations during
the primary analysis of this study and with published data on
ibrutinib in previously treated NHL and chronic lymphocytic
leukemia.23,36,37 With an additional 14 months of follow-up since
the primary analysis, no new safety signals were observed. TEAEs
were consistent in patients regardless of prior line of therapy and
generally remained stable or decreased over time. Consistent with
published data on ibrutinib that demonstrate a progressive decline
in infections over time, the rate of grade 3 or higher infections was
most frequent during the first year of ibrutinib treatment (n 5 10),
with few events occurring after the first year (n 5 4).37-41 Of 5
patients with atrial fibrillation, three had events within the first year of
treatment, consistent with previous reports that atrial fibrillation
typically occurs within the first year of ibrutinib treatment and
remains constant or declines over time.39-46 Atrial fibrillation was

A
Diarrhea

Fatigue

Anemia

Nausea

Cough

URTI

Arthralgia

Peripheral edema

Thrombocytopenia

Dizziness

Dyspnea

Headache

Muscle spasms

Sinusitis

0 10 20 30 40 50 60 70 80 90 100

�0-1 years (N=63)

�1-2 years (n=33)

�2-3 years (n=22)

Patients (%)

B
Diarrhea

0 10 20 30 40 50 60 70 80 90 100

Fatigue

Anemia

Nausea

Cough

URTI

Arthralgia

Peripheral edema

Thrombocytopenia

Dizziness

Dyspnea

Headache

Muscle spasms

Sinusitis

Patients (%)

Total (N=63)

Prior RTX (n=17)

Prior RTX-CIT (n=40)

Grade
1-2 3-4

Figure 3. Most common AEs. (A) Prevalence of most common TEAEs* of any

grade over time† in the total safety population. (B) Most common TEAEs* in the total

safety population and by prior line of therapy. URTI, upper respiratory tract infection.

*Occurring in $20% of patients overall in the total safety population. †Prevalences

of TEAEs beyond 3 years have been excluded because of small sample size (n 5 7).

24 NOVEMBER 2020 x VOLUME 4, NUMBER 22 DURABLE IBRUTINIB RESPONSES IN R/R MZL 5779



manageable without dose modifications or discontinuation of
ibrutinib.

Previous MZL studies have identified NF-kB and Notch as 2 major
signaling pathways that are disrupted through genetic alterations in
key pathway genes.47 In this analysis, mutation of A20, a known
negative regulator gene in the NF-kB pathway, was shown to be
correlated to clinical efficacy (increased tumor shrinkage). Activating
mutations in MYD88, a key signal transducer between toll-like
receptor signaling and downstream NF-kB activation, were also
positively associated with improved clinical efficacy (longer PFS).
Mutations in CARD11 and KMT2D were associated with shorter
DOR and worse PFS, whereas mutations in the Notch signaling

pathway did not demonstrate any clinical impact. Although all
correlations had P values ,.05, these observations are nonetheless
limited by the exploratory nature of the analysis and the small sample
size, which was not powered for statistical significance. Taken
together, the biomarker data suggest that ibrutinib’s clinical efficacy
in MZL may be related to its disruption of the NF-kB signaling. Future
studies in larger numbers of patients are warranted before treatment
recommendations can be made on the basis of baseline genetics.

Conclusion

This final analysis of PCYC-1121 demonstrates the long-term
safety and efficacy of treatment with single-agent ibrutinib in
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patients with relapsed/refractory MZL. Single-agent ibrutinib yielded
responses regardless of prior line of therapy, although patients who
had previous RTX treatment generally responded faster and better
than those with prior RTX-CIT. Responses were consistent across
MZL subtypes and deepened over time. These results support
treatment with single-agent ibrutinib as an alternative to chemother-
apy in this patient population with a favorable benefit-risk profile and
convenient once-daily oral administration.

Acknowledgments

The authors thank the patients for participating in the PCYC-1121
phase 2 study and their families.

This study was sponsored by Pharmacyclics LLC, an AbbVie
Company. Medical writing support was provided by Melanie Sweet-
love and funded by Pharmacyclics LLC, an AbbVie Company. C.R.F.
is a CPRIT Scholar supported by aCancer Prevention and Research
in Texas grant to The University of Texas MD Anderson Cancer
Center.

Authorship

Contribution: A.N., B.H., and I.A.-H. designed the study; A.N., S.d.V.,
M.C., P.M., C.R.F., F.M., G.P.C., S.M., C.T., S.P., S.D.S., J.C.B., and
R.C. contributed to data collection; L.W.-K.C., S.W., and E.C. per-
formed the data analyses; K.K., L.W.-K.C., S.W., E.C., and I.A.-H.

A

Somatic
variant
(n=7)

A20 (extranodal MZL)
Wilcoxon P=.0386

Ma
x %

 ch
an

ge
 in

 S
PD

 fr
om

 b
as

eli
ne

 to
 B

OR

40
CR
PR
SD
PD
NED

20

0

-20

-40

-60

-80

-100

No variant
of interest

(n=17)

C

DOR (months)

Pr
ob

ab
ilit

y

KMT2D (extranodal MZL)
HR: 7.75 (95% CI: 0.93–64.8); P=.0260

Variant (n=8), mDOR: 9.7
No variant (n=7), mDOR: NR

403020100

0.0

0.2

0.4

0.6

0.8

1.0

B

PFS (months)
403020100

0.0

0.2

0.4

Variant (n=7), mPFS: NR
No variant (n=32), mPFS: 13.6

0.6

Pr
ob

ab
ilit

y

MYD88 L265P (all MZL subtypes)
HR: 0.20 (95% CI: 0.05–0.87); P=.0174

0.8

1.0

D
CARD11 (extranodal MZL)

PFS (months)

HR: 3.81 (95% CI: 1.14–49.0); P=.0352

Variant (n=5), mPFS: 12.1
No variant (n=20), mPFS: 28.0

403020100

Pr
ob

ab
ilit

y

0.0

0.2

0.4

0.6

0.8

1.0

Figure 5. Extranodal subgroup and gene variant analyses. (A) Gene-level analysis for A20 in patients with extranodal MZL. (B) Analysis of the MYD88 L265P variant for

all MZL subtypes combined. (C) Gene-level analysis for KMT2D in patients with extranodal MZL. (D) Gene-level analysis for CARD11 in patients with extranodal MZL.

24 NOVEMBER 2020 x VOLUME 4, NUMBER 22 DURABLE IBRUTINIB RESPONSES IN R/R MZL 5781



confirmed the accuracy of the data and compiled it for analysis; all
authors had access to the data and were involved in the in-
terpretation of data, contributed to the manuscript review and revi-
sions, and approved the final version for submission.

Conflict-of-interest disclosure: A.N. reports employment with
Memorial Sloan Kettering Cancer Center; has received honoraria
from Janssen, Medscape, Prime Oncology, and Pharmacyclics LLC,
an AbbVie Company; has a consulting role with MorphoSys and
Janssen; has received research funding from Rafael and Pharmacy-
clics LLC, an AbbVie Company; reports patent pending at Rafael;
and has received travel expenses from Janssen and Pharmacyclics
LLC, an AbbVie Company. S.d.V. has a consulting role with Bayer
and Verastem. M.C. has stock ownership in Immunomedics; a con-
sulting role with Pharmacyclics LLC, an AbbVie Company; has re-
ceived research funding from AbbVie, Celgene, Genentech,
BeiGene, and Pharmacyclics LLC, an AbbVie Company; and has
received speaker fees from Celgene, Janssen, and Gilead. P.M. has
consulting roles with AstraZeneca, Bayer, BeiGene, Cellectar,
Celgene, I-MAB, Janssen, Karyopharm, Kite, MorphoSys, Sandoz,
and TeneoBio; has received research funding from Karyopharm; and
has received travel expenses from Janssen, MorphoSys and Bayer.
C.R.F. has consulting roles with AbbVie, Spectrum, Celgene, Denovo
Biopharma, OptumRx, Karyopharm, Pharmacyclics LLC, an AbbVie
Company, Janssen, Gilead, andBayer; has received research funding
from AbbVie, Acerta, Celgene, Gilead, Genentech/Roche, Janssen,
Millennium/Takeda, Pharmacyclics LLC, an AbbVie Company, and
TG Therapeutics; and has received travel expenses fromGenentech/
Roche. C.T. has received honoraria from Gilead and Novartis; has
consulting roles with Roche, Janssen, Celgene, Gilead, Kite, Novartis,
Bayer, and Cellectis; has received research funding from Roche and
Hospira; and has received travel expenses from Novartis, Roche,
Janssen, Celgene, Novartis, and Cellectis. F.M. has received hono-
raria from Celgene, Roche, Bristol-Myers Squibb, and Gilead; and
has consulting roles with Celgene, Roche, Epizyme, Gilead, and
Bayer. G.P.C. has received honoraria from Takeda, Roche, Gilead,
Bristol Myers Squibb, Merck, Celleron, ADC Therapeutics, Novartis,
and Pfizer; has consulting roles with Takeda, Roche, Gilead, Bristol
Myers Squibb, Merck, Celleron, and ADC Therapeutics; has received
research funding fromBristol Myers Squibb, Celleron, Merck, Amgen,
and Celgene; has received speaker fees from Takeda, Roche, Gilead,
Novartis, and Bristol Myers Squibb; and has received travel expenses
from Takeda and Roche; and has received support fromNIHROxford

Biomedical Research Centre. S.M. has consulting roles with AbbVie,
AstraZeneca, Bioverativ, Genentech, Gilead, Janssen, Kite, Vera-
stem, and Pharmacyclics LLC, an AbbVie Company; has received
research funding from AbbVie, AstraZeneca, BeiGene, Janssen,
Juno, Novartis, TG Therapeutics, and Pharmacyclics LLC, an Abb-
Vie Company; and has received speaker fees from AstraZeneca,
BeiGene, Janssen, and Pharmacyclics LLC, an AbbVie Company.
S.P. has received research funding from AbbVie, Acerta Pharma,
Amgen, BeiGene, Bristol Myers Squibb, Celgene, CTI Biopharma,
Epizyme, Genentech, Gilead, GlaxoSmithKline, Janssen, Kar-
yopharm, Merck, Rhizen, Seattle Genetics, TG Therapeutics,
Verastem, and Pharmacyclics, an AbbVie Company; and has re-
ceived speaker fees and travel expenses from Takeda, Celgene, and
Johnson & Johnson. S.D.S. has consulting roles with AstraZeneca,
Millennium/Takeda, and BeiGene; has received research funding
from Acerta Pharma BV, AstraZeneca, Bayer, BeiGene, Denovo
Biopharma, Genentech, Incyte Corporation, Merck, Portola Phar-
maceuticals, Seattle Genetics, and Pharmacyclics LLC, an AbbVie
Company; and reports spouse research funding from Ayala, Bristol
Myers Squibb, and Ignyta. J.C.B. has received honoraria from
Janssen; has consulting roles with Genentech, Gilead, Bayer,
AstraZeneca, and Sandoz; and has received research funding from
Oncternal Therapeutics. E.C. reports employment with Pharmacy-
clics LLC, an AbbVie Company, and stock ownership in AbbVie.
S.W. reports employment, patents, royalties, and intellectual prop-
erty with Pharmacyclics LLC, an AbbVie Company, and stock
ownership in AbbVie. L.W.-K.C. reports employment, patents, roy-
alties, and intellectual property with Pharmacyclics LLC, an AbbVie
Company, and stock ownership in AbbVie and Eli Lilly. K.K. reports
employment with Pharmacyclics LLC, an AbbVie Company, and
stock ownership in AbbVie and Gilead. B.H. reports employment
with Pharmacyclics LLC, an AbbVie Company, and stock ownership
in AbbVie. I.A.-H. reports employment with Pharmacyclics LLC, an
AbbVie Company, and stock ownership in AbbVie and Bristol
Meyers Squibb. R.C. declares no competing financial interests.

ORCID profiles: A.N., 0000-0002-3001-4898; M.C., 0000-
0002-8516-2513; F.M., 0000-0002-3714-9824; S.D.S., 0000-
0001-5354-7593.

Correspondence: Ariela Noy, Memorial Sloan Kettering Cancer
Center, Hematology Division, Lymphoma Service, 1275 York Ave,
New York, NY 10065; e-mail: noya@mskcc.org.

References

1. Teras LR, DeSantis CE, Cerhan JR, Morton LM, Jemal A, Flowers CR. 2016 US lymphoid malignancy statistics by World Health Organization subtypes.
CA Cancer J Clin. 2016;66(6):443-459.

2. Olszewski AJ, Castillo JJ. Survival of patients with marginal zone lymphoma: analysis of the Surveillance, Epidemiology, and End Results database.
Cancer. 2013;119(3):629-638.

3. Denlinger NM, Epperla N, William BM. Management of relapsed/refractory marginal zone lymphoma: focus on ibrutinib. Cancer Manag Res. 2018;10:
615-624.

4. Zucca E, Arcaini L, Buske C, et al; ESMO Guidelines Committee. Electronic address:clinicalguidelines@esmo.org. Marginal zone lymphomas: ESMO
Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol. 2020;31(1):17-29.

5. Arcaini L, Rossi D, Paulli M. Splenic marginal zone lymphoma: from genetics to management. Blood. 2016;127(17):2072-2081.

6. Thieblemont C, Molina T, Davi F. Optimizing therapy for nodal marginal zone lymphoma. Blood. 2016;127(17):2064-2071.

7. Zucca E, Bertoni F. The spectrum of MALT lymphoma at different sites: biological and therapeutic relevance. Blood. 2016;127(17):2082-2092.

8. Monga N, Nastoupil L, Garside J, et al. Burden of illness of follicular lymphoma and marginal zone lymphoma. Ann Hematol. 2019;98(1):175-183.

5782 NOY et al 24 NOVEMBER 2020 x VOLUME 4, NUMBER 22

https://orcid.org/0000-0002-3001-4898
https://orcid.org/0000-0002-8516-2513
https://orcid.org/0000-0002-8516-2513
https://orcid.org/0000-0002-3714-9824
https://orcid.org/0000-0001-5354-7593
https://orcid.org/0000-0001-5354-7593
mailto:noya@mskcc.org


9. Bhatia S. Therapy-related myelodysplasia and acute myeloid leukemia. Semin Oncol. 2013;40(6):666-675.

10. Niemann CU, Wiestner A. B-cell receptor signaling as a driver of lymphoma development and evolution. Semin Cancer Biol. 2013;23(6):410-421.

11. Bernard S, Danglade D, Gardano L, et al. Inhibitors of BCR signalling interrupt the survival signal mediated by the micro-environment in mantle cell
lymphoma. Int J Cancer. 2015;136(12):2761-2774.

12. Pal Singh S, Dammeijer F, Hendriks RW. Role of Bruton’s tyrosine kinase in B cells and malignancies [published correction appears in Mol Cancer. 2019;
18(1):79]. Mol Cancer. 2018;17(1):57.

13. de Gorter DJ, Beuling EA, Kersseboom R, et al. Bruton’s tyrosine kinase and phospholipase Cgamma2 mediate chemokine-controlled B cell migration
and homing. Immunity. 2007;26(1):93-104.

14. Ponader S, Chen SS, Buggy JJ, et al. The Bruton tyrosine kinase inhibitor PCI-32765 thwarts chronic lymphocytic leukemia cell survival and tissue
homing in vitro and in vivo. Blood. 2012;119(5):1182-1189.

15. de Rooij MF, Kuil A, Geest CR, et al. The clinically active BTK inhibitor PCI-32765 targets B-cell receptor- and chemokine-controlled adhesion and
migration in chronic lymphocytic leukemia. Blood. 2012;119(11):2590-2594.

16. Imbruvica (ibrutinib). Sunnyvale, CA: Pharmacyclics LLC; 2020 [prescribing information]

17. Noy A, de Vos S, Thieblemont C, et al. Targeting Bruton tyrosine kinase with ibrutinib in relapsed/refractory marginal zone lymphoma. Blood. 2017;
129(16):2224-2232.

18. Cheson BD, Pfistner B, Juweid ME, et al; International Harmonization Project on Lymphoma. Revised response criteria for malignant lymphoma. J Clin
Oncol. 2007;25(5):579-586.

19. Jung H, Yoo HY, Lee SH, et al. The mutational landscape of ocular marginal zone lymphoma identifies frequent alterations in TNFAIP3 followed by
mutations in TBL1XR1 and CREBBP. Oncotarget. 2017;8(10):17038-17049.
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