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Key Points

• Ibrutinib combined with
ofatumumab in relapsed CLL
had had an ORR of 83% with
median time to response of
,3 months in all groups.

• All 3 sequences of adminis-
tration were acceptably
tolerated and active; responses
were durable, and median PFS
was not yet reached.

Ibrutinib represents a therapeutic advance in chronic lymphocytic leukemia (CLL) but

as monotherapy produces few complete remissions in previously treated patients.

Anti-CD20 antibodies have improved response and progression-free survival (PFS)when

combinedwith chemotherapy.We evaluated the safety and activity of adding ofatumumab

to ibrutinib in 3 different administration sequences. Patients with CLL/small lymphocytic

lymphoma (SLL), prolymphocytic leukemia, or Richter’s transformationwho failed ‡2 prior
therapies were enrolled. Patients received ibrutinib 420 mg daily and 12 doses of

ofatumumab 300/2000 mg in 3 schedules: ibrutinib lead-in (group 1; n 5 27), concurrent

start (group 2; n5 20), or ofatumumab lead-in (group 3; n5 24). Seventy-one patients were

treated; most had high-risk disease including del(17)(p13.1) (44%) or del(11)(q22.3) (31%).

The most frequent adverse events (any grade) were diarrhea (70%), infusion-related

reaction (45%), and peripheral sensory neuropathy (44%). Overall response rates in

CLL/SLL patients (n5 66) were 100%, 79%, and 71% in groups 1, 2, and 3, respectively.

Estimated 12-month PFSs for all patients were 89%, 85%, and 75%, respectively. Four

patients in group 3 progressed prior to receiving ibrutinib. This study demonstrates the tolerability and clinical activity of this

combination with quicker time to best response than single-agent ibrutinib and with durable responses. This trial was registered at

www.clinicaltrials.gov as #NCT01217749. (Blood. 2015;126(7):842-850)

Introduction

Chronic lymphocytic leukemia (CLL) is the most prevalent form of
leukemia among adults inWestern countries, with increasing incidence
in older individuals; median age of diagnosis is 72 years.1,2 Although
chemoimmunotherapy has become the standard front-line treatment for
fit patients,2,3 CLL remains incurable. Moreover, the presence of high-
risk features such as unmutated immunoglobulin heavy chain variable
region (IGHV), del(17)(p13.1), or transformation to high-grade lym-
phoma is associated with poor outcomes.4-10 Thus, new and effective
regimens are needed for patients with pretreated CLL.

During the last decades, the B-cell receptor (BCR) pathway has
emerged as a new therapeutic target inB-cell malignancies. Proximal
within this pathway, Bruton tyrosine kinase (BTK), a member of the
Tec kinase family, plays a central role in activation of downstream sig-
naling required for survival and proliferation of malignant B cells.11-15

BTK is also critical for B-cell development and function in relation to the
homing,migration, and adhesion of B cells to bonemarrow or lymphoid
tissues.16,17

Ibrutinib is a first-in-class, orally administered, once-daily covalent
inhibitor ofBTK. Inpreclinicalmodels, ibrutinib induced apoptosis and
decreased survival of CLL cells and inhibited their homing, migration,
and adhesion to the tumor microenvironment.18-20 Recently, in the
phase 3 RESONATE trial (PCYC-1112-CA) in relapsed/refractory
CLL, ibrutinib demonstrated a statistically significant 78% reduction in
the risk of progression or death and a 56% reduction in the risk of death
compared with ofatumumab.21 Ibrutinib was US Food and Drug
Administration-approved for treatment of patients with CLL
who received$1 prior therapy and for patients with CLLwith del
(17)(p13.1).22

Ofatumumab is an anti-CD20monoclonal antibody that binds to an
epitope distinct from that for rituximab.23 It exhibits more potent
complement-dependent cytotoxicity (CDC) and antibody-dependent
cellular cytotoxicity (ADCC) compared with rituximab in B-cell lines
includingCLL cells.24-26 Ofatumumab is approved in theUnited States
for treatment of CLL refractory to fludarabine and alemtuzumab27 and
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in combination with chlorambucil for previously untreated CLLwhere
fludarabine-based treatment is inappropriate.28,29

Studies with single-agent ibrutinib showed early lymphocytosis in
patients with CLL,30-32 which is considered a pharmacodynamic effect
of ibrutinib resulting inmobilization of lymphocytes into the peripheral
blood from tissue compartments.18,20Combining ibrutinibwith an anti-
CD20monoclonal antibody to clear blood lymphocytes was thought to
reduce theduration and incidence of lymphocytosis, therebypotentially
shortening the time to response. Given its improved single-agent activity
in CLL relative to rituximab and its availability in 2011,27 ofatumumab
was chosen for this study. Although recent preclinical studies have re-
ported potential antagonistic effects of ibrutinib when combined with
anti-CD20 monoclonal antibodies,33-35 these data were unknown at the
time of study conception and are unconfirmed in recent clinical studies.36

On the basis of studies showing the feasibility and activity of
ofatumumab combined with chemotherapy,28,37,38 we hypothesized
that the addition of ofatumumab may improve the already impressive
single-agent activity of ibrutinib. The rationale for this combination is
based on proven single-agent activity in relapsed/refractory CLL, non-
overlapping toxicities, and different mechanisms of antileukemic ac-
tivity. The present study evaluates safety, tolerability, and efficacy of 3
different fixed-dose regimens of ibrutinib combined with ofatumumab
inpatientswith relapsed/refractoryCLLand relateddiseases.Because it
was unknown whether the initial lymphocytosis commonly observed
with ibrutinibwould predispose to development of ofatumumab infusion-
related reactions or tumor lysis syndrome, 3 different administration
sequences were evaluated: ibrutinib was started either 4 weeks before
(group1), 1daybefore (group2), or 8weeks after ofatumumab (group3).

Patients and methods

Patients

Patients were enrolled between January 2011 and June 2012 and treated at The
Ohio State University James Comprehensive Cancer Center after providing
written informed consent. Key eligibility criteria included histologically con-
firmed CLL, small lymphocytic lymphoma (SLL), B-cell prolymphocytic
leukemia (PLL) per the World Health Organization classification, or Richter’s
transformation; indication for treatment basedon the2008 InternationalWorking
Group for CLL (IWCLL) guidelines39 or requiring cytoreduction prior to stem
cell transplant; failure of$2prior therapies including anucleoside analog (unless
contraindicated); $10% expression of CD20 on CLL/SLL cells by flow
cytometry; Eastern Cooperative Oncology Group performance status #2; and
adequate end-organ function.

Study design and treatment plan

This phase 1b/2, single-center, open-label, sequential group study was institu-
tional review board approved and conducted in accordance with the principles
of the Declaration of Helsinki and the International Conference on Harmoni-
zation (ICH) Guidelines for good clinical practice (GCP) and is registered at
clinicaltrials.gov (#NCT01217749).

At screening, patients underwent a complete history, physical examination,
and laboratory and prognostic factor testing. Pretreatment assessments included
flow cytometry, bonemarrow evaluation, and computed tomography (CT) scans
of the chest, abdomen, and pelvis. A baseline positron emission tomography/CT
scan was performed for patients with SLL and Richter’s transformation.

Study treatment was administered in 28-day cycles. Ibrutinib was admin-
istered orally at a dose of 420 mg once daily and continued until disease pro-
gression or unacceptable toxicity. Ofatumumab was administered intravenously
per prescribing information (300mg for dose 1/2000mg for doses 2-12). Patients
could then continue daily ibrutinib in extension study PCYC-1103-CA until
progression or intolerability. Patients were enrolled sequentially to receive

3 different administration sequences: group 1with ibrutinib lead-in, group 2with
concomitant administration (ofatumumabonday1/ibrutinibonday2), andgroup
3 with ofatumumab lead-in (Figure 1). After the first 6 patients in group 1
demonstrated no DLT (within 56 days) as defined in the supplemental Materials
(available on the Blood Web site), enrollment was expanded to 27 patients.
Expansion of enrollment in group 2 was similarly guided by safety (#1 DLT
among the first 6 patients observed for 28 days) and antitumor activity. Based on
the absence of DLTs in the first 2 cohorts, the third cohort was designed without
DLTassessment.After completion of enrollment in group 1, enrollment in group
2 began, and after group 2 was completed, enrollment in group 3 began.

Treatment was withheld for any grade 4 toxicity, or the individual drug was
withheld for ibrutinib-related or ofatumumab-related, clinically significant, un-
manageable grade 3 adverse events (AEs). Treatment was resumed after the AE
returned to baseline or resolved.

Patients received premedication with acetaminophen 650 mg, cetirizine
10mg or equivalent, and dexamethasone 20mg intravenously prior to each dose
of ofatumumab.Fordoses 3 to12of ofatumumab, the dexamethasonedose could
be gradually reduced or discontinued if no grade 3 or higher infusion reactions
occurred during prior doses. Patients considered at risk for tumor lysis syndrome
were to be hydrated and pretreated with antihyperuricemics as per standard
ofatumumab guidance.29 Use of standard supportive care treatments was
permitted.

Assessments

Responseswere assessed and reported by the investigators for patientswith CLL
and PLL according to IWCLL guidelines39 and for SLL and Richter’s transfor-
mation according to the revised International Working Group criteria.40 Bone
marrow evaluationwas required to confirm a complete response (CR). Lympho-
cytosis (an increase in absolute lymphocyte count [ALC] of$50%frombaseline
and to.53 109/L) alone was not considered a treatment failure or progressive
disease in the absence of other indications of disease progression.41,42 Response
evaluations were performed following cycles 1 and 3 and then every 3 cycles,
including CT scans of the chest, abdomen, and pelvis. Safety assessments
included laboratory evaluation and physical examination. Severity of AEs was
defined using the Common Terminology Criteria for Adverse Events (version
4.0) for nonhematologic AEs, and per IWCLL criteria for hematologic AEs.

Statistical considerations

Safetywas evaluated in all patientswho received$1doseof studydrug.Efficacy
was determined among evaluable patients who received$1 dose of study drug
andhad baseline and$1postbaseline response assessment. TheminimaxSimon
2-stage design was chosen to provide 85% power to reject the null hypothesis of
an overall response rate (ORR) of 25% (at anORRof 50%)when using a 1-sided
10% a-level test based on early single-agent data, which demonstrated only a
modest partial response (PR) rate with short follow-up due to persistent lym-
phocytosis. An interim analysis for groups 1 and 2was conducted for the first 10
evaluable patients, and the groups were expanded only if$3 patients achieved
objective responses during the first 3 cycles. Efficacy was evaluated in each
group separately, with no formal statistical analysis planned to compare out-
comes among sequentially enrolled groups.

Primary end points were the number of DLTs observed among the first 6
patients enrolled in groups 1 and 2 andORR in all groups. Secondary end points
included incidence of AEs (including AEs leading to ibrutinib discontinuation),
grade 3 or higher AEs, serious AEs (SAEs), time to response, duration of re-
sponse (DOR), progression-free survival (PFS), and hematologic improvement
(evaluated among patients with baseline cytopenias). Kaplan-Meier methodol-
ogy was used to estimate DOR and PFS; descriptive statistics were used for
analysis of all other end points.

Results

Patients

A total of 71 patients were enrolled. Baseline characteristics varied
among the 3 sequentially enrolled groups, with a higher proportion of
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older patients and patients with Richter’s transformation, but fewer
with del(17)(p13.1), in group 1 (Table 1). Sixty-five patients (92%) had
CLL, 1 (1%) had SLL, 2 (3%) had PLL, and 3 (4%) had Richter’s
transformation. Median age was 64 years (range, 48-85 years). The
majority (61%) had high-risk disease stage (Rai stage III or IV); 75%
had bulky lymph nodes ($5 cm), 44% had del(17)(p13.1), and 31%
had del(11)(q22.3) (Table 1). Baseline cytopenias were present in 70%
of patients. Patients had received a median of 3 prior therapies (range,
2-13) that typically included an alkylating agent, purine analog, and
rituximab (Table 2).

All 71 patients received study treatment, 68 (96%) were evaluable
for response, and 66 (93%) had CLL/SLL. Reasons for treatment
discontinuation are shown inTable 3.Nine patients (13%)discontinued
treatment due toprogressivedisease including4patients in group3who
had progressive disease during ofatumumab monotherapy; 7 (10%)
discontinued due to AEs. Fifty-four patients (76%) continued ibrutinib
treatment in a long-term extension study, and 2 (3%) received an
allogeneic stem cell transplant. Median duration of ibrutinib therapy in
the primary studywas 15.8months in group 1, 11.3months in group 2,
and 9.2 months in group 3 (Table 3). The duration of ofatumumab
treatment was similar for all 3 groups (median, 5.6 months).

Safety

No DLTs occurred. The most common treatment-emergent AEs were
diarrhea (70%), infusion-related reaction (45%), peripheral sensory
neuropathy (44%), and stomatitis (38%) (Table 4). These AEs were
mostly grade 1 or 2. A total of 37 events of peripheral sensory neu-
ropathy occurred among 31 patients; 13 of these patients (42%) had
a prior history of sensory neuropathy, and 13 (42%) had a history of
diabetesmellitus or hyperglycemiaprior to study start. Themedian time
to first onset of peripheral sensory neuropathy was 57 days (range,

8-451 days); 25 of the 37 events (68%) resolved with a median time
to resolution of 205 days (95% confidence interval [CI], 114-365).
Atrial fibrillation of any grade occurred in 6 patients (8.5%), of which
2 (3%) were grade 3 or higher events. Overall, 45 patients (63%) had
grade 3 or higher AEs, the most common events being neutropenia
(24%),pneumonia (17%), anddiarrhea (7%).During the study,8patients
(11%) received treatmentwithneutrophil growth factor (filgrastim).Only
1grade 3 infusion reaction (group2)was reported in all 71 patients. Eight
patients (11%) had AEs that led to ibrutinib discontinuation, 3 patients
each in groups 1 and 2 and 2 patients in group 3.

Overall, 31 patients (44%) had SAEs, including 12 (44%) in
group 1, 9 (45%) in group 2, and 10 (42%) in group 3. The most
common SAEs included pneumonia (16%) and atrial fibrillation
(6%). Seven patients (10%) had protocol-defined major bleeding
events. Seven patients experienced a clinically significant hemor-
rhagic event, 1 of which (subdural hematoma) had a fatal outcome.
Four of the 7 major hemorrhages were postprocedural; 2 of the 4
procedures occurred without a prior ibrutinib dose hold, which was
implemented after additional ibrutinib dosing experience and is
currently recommended. The 7 events were grade 3 hemothorax (after
thoracentesis for symptomatic, recurrent pleural effusion, n 5 1),
grade 3 postprocedural hemorrhage (sinus surgery, n 5 1; bone
marrow biopsy, n 5 1), grade 3 hematoma (in the knee [Baker’s
cyst], postsurgical, n5 1), grade 2 gastrointestinal hemorrhage (due
to gastric ulcer, n5 1), grade 3 gastrointestinal hemorrhage (due to
esophageal varices hemorrhage in a patient with ongoing medical
history of esophageal varices, n5 1), and subdural hematoma (n5 1).
The patient who experienced a subdural hematoma was taking
warfarin and enoxaparin as thromboprophylaxis during the study
due to a recent history of deep vein thrombosis. Other fatal non–
progressive disease events within 30 days of the last dose of study
treatment occurred in 6 patients includingpneumonia (n52), organizing

Figure 1. Treatment schema by group. Oral ibrutinib

420 mg was given once daily until disease progression

or unacceptable toxicity. Intravenous ofatumumab was

given as 8 weekly infusions followed by 4 monthly

infusions for a total of 12 doses (dose 1, 300 mg; doses

2-12, 2000 mg). Group 1, ibrutinib monotherapy during

cycle 1 and then ofatumumab added starting cycle 2;

group 2, ofatumumab and ibrutinib starting on days 1

and 2 of cycle 1, respectively; group 3, ofatumumab

monotherapy for the first 2 cycles and then ibrutinib

added starting at cycle 3.
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pneumonia (n5 1), cardiorespiratory arrest (n5 1), ischemic stroke
(n 5 1), and sepsis (n 5 1).

Efficacy

TheORRamongpatientswithCLL/SLLwas100%(95%CI, 85.2-100%)
in group 1, 78.9% (95%CI, 54.4-93.9%) in group 2, and 70.8% (95%
CI, 48.9-87.4%) in group 3. Among all CLL/SLL patients, the ORR
was 83.3% (95%CI, 72.1-91.4%). One patient (1.5%) achieved aCR

and 54 patients (81.8%) achieved a PR. Two additional patients
(3%) had a PR with lymphocytosis (PR-L). The best response
among patients with CLL/SLL is shown in Figure 2A. Both PLL
patients responded to treatment with best responses of CR and PR,
with DORs of 9.21 and 11.31 months, respectively, continued on
ibrutinib in the long-term extension study, andwere in response at the
time of this report. Minimal residual disease was detected by flow
cytometry in the 2 patients (CLL, PLL) with a CR, although with
short follow-up. Two of the patients with Richter’s transformation

Table 1. Baseline demographic and clinical characteristics

Group 1: ibrutinib →
ofatumumab (N 5 27)

Group 2: ibrutinib/ofatumumab
(N 5 20)

Group 3: ofatumumab →
ibrutinib (N 5 24)

All patients
(N 5 71)

Median age (range), years 66 (51-85) 63 (48-75) 63 (50-71) 64 (48-85)

$65 years 14 (52) 8 (40) 9 (38) 31 (44)

$70 years 12 (44) 4 (20) 1 (4) 17 (24)

Diagnosis, n (%)

CLL 22 (82) 19 (95) 24 (100) 65 (92)

SLL 1 (4) 0 (0) 0 (0) 1 (1)

PLL 1 (4) 1 (5) 0 (0) 2 (3)

Richter’s transformation 3 (11) 0 (0) 0 (0) 3 (4)

ECOG performance status, n (%)

0 10 (37) 8 (40) 5 (21) 23 (32)

1 16 (59) 11 (55) 15 (63) 42 (59)

2 1 (4) 1 (5) 4 (17) 6 (9)

Bulky disease, n (%)

Lymph nodes $5 cm 19 (70) 13 (65) 21 (88) 53 (75)

Lymph nodes $10 cm 3 (11) 3 (15) 5 (21) 11 (16)

Rai risk classification,* n (%)

Low risk 1 (4) 0 (0) 1 (4) 2 (3)

Intermediate risk 11 (41) 5 (25) 8 (33) 24 (34)

High risk 14 (52) 14 (70) 15 (63) 43 (61)

Not reported 1 (4) 1 (5) (0) 2 (3)

Cytopenia at baseline, n (%)

ANC #1500/mL 5 (19) 6 (30) 9 (38) 20 (28)

Hemoglobin #11 g/dL 11 (41) 12 (60) 10 (42) 33 (47)

Platelets #100 000/mL 13 (48) 12 (60) 11 (46) 36 (51)

Prognostic factors, n (%)

Unmutated IGHV 20 (74) 13 (65) 17 (71) 50 (70)

Del17(17)(p13.1) 10 (37) 9 (45) 12 (50) 31 (44)

Del(11)(q22.3) 9 (33) 6 (30) 7 (29) 22 (31)

b2-Microglobulin .3 mg/L 15 (56) 12 (60) 13 (54) 40 (56)

ECOG, Eastern Cooperative Oncology Group.

*Low risk, stage 0; intermediate risk, stage I or II; high risk, stage III or IV.

Table 2. Prior systemic therapy

Group 1: ibrutinib →
ofatumumab (N 5 27)

Group 2: ibrutinib/ofatumumab
(N 5 20)

Group 3: ofatumumab →
ibrutinib (N 5 24)

All patients
(N 5 71)

Median number (range) of prior systemic therapies 3 (2-10) 3 (2-13) 4 (2-12) 3 (2-13)

Types of prior systemic therapy, n (%)

Immunotherapy

Antibody therapy 27 (100) 20 (100) 24 (100) 71 (100)

Rituximab 26 (96) 20 (100) 24 (100) 70 (99)

Alemtuzumab 4 (15) 1 (5) 4 (17) 9 (13)

Corticosteroids 15 (56) 10 (50) 14 (58) 39 (55)

Chemotherapy

Purine analogs 24 (89) 20 (100) 21 (88) 65 (92)

Alkylating agents 20 (74) 9 (45) 14 (58) 43 (61)

Anthracyclines 6 (22) 2 (10) 2 (8) 10 (14)

Other therapy

Small molecule 9 (33) 5 (25) 6 (25) 20 (28)

Immunomodulating agent 8 (30) 4 (20) 5 (21) 17 (24)
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had stable disease for 471 and 137 days before developing disease
progression; 1 other patient with Richter’s transformation had a best
responseofPR(DOR,4.6months) beforedevelopingdiseaseprogression
on day 168. Four patients (17%) in group 3 progressed on ofatumumab
monotherapybefore initiating ibrutinib.Thepresenceofhigh-risk features
did not appear to mitigate efficacy with short follow-up (Figure 2B).

Overall, 37 of 70 patients (53%) developed lymphocytosis, in-
cluding 17 (63%) in group 1, 11 (55%) in group2, and 9 (39%) ingroup
3.Themedian time topeakALCwas3.1weeks ingroup1, 1.1weeks in
group 2, and 13.1 weeks in group 3, reflecting the dosing schedule
(Figure 2C). At the time of analysis, lymphocytosis resolved in all
patients in group 1 with a median time to resolution of 12.1 weeks; in
9of11patients in group2 (median time to resolution, 7.6weeks); and in
6 of 9 patients in group 3 (median time to resolution, 21.1 weeks).
A reduction in lymphnode sizewasnoted for all groups (Figure 2D).As

expected, concomitant lymphocytosis was more pronounced for pa-
tients in group1 thangroups2 and3due to the later start of ofatumumab
treatment; in all groups, ALC decreased over time.

Overall, 39 of 50 patients (78%) who had baseline cytopenias
showed improvement in $1 hematologic parameter. Sustained im-
provement (defined as $50% improvement above baseline values or
ANC.1500/mL or hemoglobin.11 g/dL or platelets.100 000/mL
lasting$56 dayswithout transfusion or use of growth factors)was seen
in 12 of 20 patients (60%) with baseline neutropenia, 18 of 33 patients
(55%)with anemia, and25of36patients (69%)with thrombocytopenia.

Among the 58 patients who responded to study treatment across
diseases, the median time to initial response was 2.8 months (range,
1.0-6.0) in group 1, 1month (range, 1.0-3.1) in group 2, and 2.8months
(range, 2.7-7.4) in group 3. Both patients who achieved a CR had
a confirmatory bone marrow biopsy at 12.2 months, which is the time

Table 3. Patient disposition and study treatment exposure

Group 1: ibrutinib →
ofatumumab (N 5 27)

Group 2: ibrutinib/ofatumumab
(N 5 20)

Group 3: ofatumumab →
ibrutinib (N 5 24)

Received study treatment, n (%) 27 (100) 20 (100) 24 (100)

Enrolled into extension study, n (%)* 19 (70) 16 (80) 19 (79)*

Discontinued treatment, n (%)

Adverse event 2 (7) 3 (15) 2 (8)

Progressive disease 4 (15) 0 (0) 5 (21)

Underwent stem cell transplant 1 (4) 1 (5) 0 (0)

Noncompliance with study drug 1 (4) 0 (0) 0 (0)

Median duration of treatment with ibrutinib (range),

months

15.8 (4.5-19.5) 11.3 (0.4-14.9) 9.2 (0.7-11.6)

Median duration of treatment with ofatumumab

(range), months

5.6 (1.4-9.6) 5.6 (0-7.4) 5.6 (0-8.8)

Median number of infusions with ofatumumab

(range)

12 (7-12) 10.5 (1-12) 12 (1-12)

*Includes 2 patients in group 3 who discontinued ofatumumab during the ofatumumab lead-in period due to disease progression, then started on ibrutinib monotherapy,

and later enrolled into the extension study.

Table 4. Summary of AEs

Group 1: ibrutinib →
ofatumumab (N 5 27)

Group 2: ibrutinib/
ofatumumab (N 5 20)

Group 3: ofatumumab →
ibrutinib (N 5 24) All patients (N 5 71)

Any Grade ‡3 Any Grade ‡3 Any Grade ‡3 Any Grade ‡3

Patients with AEs leading to

treatment discontinuation, n (%)

3 (11) 3 (11) 3 (15) 3 (15) 2 (8) 2 (8) 8 (11) 8 (11)

Most common treatment-emergent AEs*

Diarrhea 18 (67) 2 (7) 16 (80) 3 (15) 16 (67) 0 (0) 50 (70) 5 (7)

Infusion-related reaction 9 (33) 0 (0) 14 (70) 1 (5) 9 (38) 0 (0) 32 (45) 1 (1)

Peripheral sensory neuropathy 11 (41) 1 (4) 8 (40) 0 (0) 12 (50) 1 (4) 31 (44) 2 (3)

Stomatitis 11 (41) 2 (7) 9 (45) 0 (0) 7 (29) 0 (0) 27 (38) 2 (3)

Contusion 9 (33) 0 (0) 8 (40) 0 (0) 3 (13) 0 (0) 20 (28) 0 (0)

Upper respiratory tract infection 7 (26) 0 (0) 8 (40) 0 (0) 4 (17) 0 (0) 19 (27) 0 (0)

Nausea 5 (19) 0 (0) 6 (30) 0 (0) 6 (25) 0 (0) 17 (24) 0 (0)

Increased tendency to bruise 10 (37) 0 (0) 5 (25) 0 (0) 2 (8) 0 (0) 17 (24) 0 (0)

Petechiae 6 (22) 0 (0) 5 (25) 0 (0) 6 (25) 0 (0) 17 (24) 0 (0)

Neutropenia† 5 (19) 5 (19) 7 (35) 7 (35) 5 (21) 5 (21) 17 (24) 17 (24)

Muscle spasms 10 (37) 0 (0) 4 (20) 0 (0) 2 (8) 0 (0) 16 (23) 0 (0)

Fatigue 13 (48) 2 (7) 1 (5) 0 (0) 1 (4) 0 (0) 15 (21) 2 (3)

Pneumonia 7 (26) 5 (19) 3 (15) 3 (15) 4 (17) 4 (17) 14 (20) 12 (17)

Peripheral edema 7 (26) 0 (0) 2 (10) 0 (0) 4 (17) 0 (0) 13 (18) 0 (0)

Pain in extremity 6 (22) 0 (0) 3 (15) 1 (5) 3 (13) 0 (0) 12 (17) 1 (1)

Arthralgia 5 (19) 0 (0) 2 (10) 0 (0) 5 (21) 0 (0) 12 (17) 0 (0)

Dyspepsia 5 (19) 0 (0) 4 (20) 0 (0) 2 (8) 0 (0) 11 (16) 0 (0)

Sinusitis 6 (22) 0 (0) 2 (10) 0 (0) 3 (13) 0 (0) 11 (16) 0 (0)

Insomnia 5 (19) 0 (0) 6 (30) 0 (0) 0 (0) 0 (0) 11 (16) 0 (0)

Anemia 7 (26) 0 (0) 2 (10) 0 (0) 2 (8) 0 (0) 11 (16) 0 (0)

*Occurring in .15% of the study population.

†Includes preferred terms of neutropenia and decreased neutrophil counts.
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point CRwas noted. The median time to best responsewas 2.8 months
(range, 1.0-12.2) for all responders; ingroups1, 2, and3, the time tobest
response was 3.8, 2.8, and 4.6 months, respectively. The median DOR
has not yet been reached for the overall study population or individual
groups. At 12 months, the estimated rate of continued response was
88.9% (95% CI, 74.3-95.4%). At the end of the study, 52 responding
patients (89.7%) remained alive and progression free.

At a median time on study of 12.5 months, median PFS had not yet
been reached; median follow-up was 16.4, 11.8, and 11.1 months for
group1,2,and3, respectively.Themajority(76%)ofpatientscontinued
on ibrutinib in a long-term extension study. Two patients (2.8%) had
a stem cell transplant. The estimated 12-month PFS rate was 83.1%
(95% CI, 72.1-90%) for the entire study population, 88.7% (95% CI,
69.0-96.2%) in group 1, 85% (95% CI, 60.4-94.9%) in group 2, and
75% (95%CI, 52.6-87.9%) in group 3 (Figure 3). Estimated 12-month
overall survival was 88.6% (95% CI, 78.6-94.2%) for the entire study
population, 92.3% (95% CI, 72.5-98%) in group 1, 85% (95% CI,
60.4-94.9%) in group 2, and 87.5% (95% CI, 66.1-95.8%) in group 3.

Discussion

This study demonstrates that ibrutinib and ofatumumab showed high
clinical activity in patients with relapsed/refractory CLL/SLL in all
3 dose administration sequences investigated. These patients were
heavily pretreated, and the majority had high-risk disease features. The
response rates in patients with CLL/SLL in all 3 groups appeared to
occur quicker than expected based on previous experience with single-
agent ibrutinib with this relatively short follow-up time.27,31 Response
to therapy was highest in the group that received ibrutinib for 1 month
prior to ofatumumab and lowest among patients receiving the lead-
in with ofatumumab, possibly reflective of the diminished efficacy

of ofatumumab compared with ibrutinib as recently demonstrated
in the phase 3 RESONATE trial in previously treated patients with
CLL.21 The high ORR of the combination was consistent across
patient subgroups, even among patients with high-risk features such
as del(17)(p13.1), unmutated IGHV, and elevatedb2-microglobulin
levels. Further, the present study, which enrolled patients with PLL
arising from CLL and also diffuse large B-cell lymphoma (Richter’s
transformation), suggests thepossibilityofdiseasecontrolwith this com-
bination regimen in patientswith aggressive disease,which is confirmed
by recent data demonstrating activity with single-agent ibrutinib in
a subset of patientswith large-cell transformation.43Toxicitywas similar
among groups but did include neuropathy (mostly less than grade 2),
which did not limit completion of therapy in the majority of patients.

Relative to single-agent ibrutinib, the CR rate was not appreciably
enhanced with the combination regimen; this may be explained by the
relatively short median follow-up time (12.5 months). In patients with
CLL receiving ibrutinib, the quality of response has been shown to
improve over time.31 Themedian time to best response in the 2 patients
who achieved a CRwas 12.2months in both patients (due to the timing
of the confirmatory bone marrow biopsy). Thus, longer follow-upmay
be needed to show a CR benefit.

By standard response criteria, investigator-determined ORR for
the CLL/SLL cohort (83.3%) appeared favorable relative to ORR
with single-agent ibrutinib in PCYC-1102-CA (71% with a median of
20.9months of follow-up,with an additional 15%of patients achieving
PR-L) when that study was initially reported,31 with a median time to
best response of 2.8 months with the combination. Notably, the rate of
PR-L with the combination (3%; 95%CI, 0.4-10.5%) was appreciably
lower than with single-agent ibrutinib.31 It is well established at this
point that response improveswith timewith ibrutinib, with a 90%ORR
reported in the 3-year follow-up of patients on PCYC-1102-CA, where
94%ofpatientswithaPR-Lultimatelyconverted toadeeper response.44

Further follow-up is needed to evaluate the longer-term PFS outcomes

Figure 2. Outcomes with study treatment. (A) Best response among CLL/SLL patients by group. PD, progressive disease; SD, stable disease. *Four patients (17%) in

group 3 developed PD while receiving ofatumumab monotherapy. (B) Forest plot of response rates by patient subgroups. (C) Median percent change in ALC from baseline by

group. (D) Median percent change in the sum of the products of lymph node diameters (SPD) and ALC by group.
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with the combination relative to single-agent ibrutinib therapy. Addi-
tionally, randomized studies of ibrutinib with ofatumumab or other
CD20 antibody study will be required to determine the added benefit
of combination treatment.

Concurrent administration of ibrutinib and rituximab has been
reported with similar efficacy as assessed by response in a recent phase
2 trial in patients with high-risk CLL (N 5 40).36 The ORR with the
combination was 95% (CR in 8% including 1 minimal residual
disease–negativeCR); the 18-monthPFSwas 78%, and themedianPFS
was not reached.36 Similar to the present study, responseswith lympho-
cytosis (PR-L)wereuncommon (8%after 6 cycles; 0%after 12months)
given the early resolution of lymphocytosis with the combination.

Lymphocytosis is a well-described pharmacodynamic class effect
of BCR-inhibiting agents; with ibrutinib, this occurs by inhibition of
BTK-mediated B-cell homing and adhesion to the tumor microenvi-
ronment, resulting in mobilization of leukemic cells from the lymph
node compartment to the peripheral blood.18,20 Lymphocytosis devel-
oped in 53% of the total population of the present study, with higher
rates observed when ibrutinib was started 1 month before ofatumumab
(group 1: 63%) and lower rates when ofatumumab was started as
monotherapy for 2 months (group 3: 39%). In previous studies with
single-agent ibrutinib in CLL, lymphocytosis developed in a higher
proportion of patients (more than two-thirds), suggesting that the ad-
dition of an anti-CD20 monoclonal antibody may decrease the rate of
lymphocytosis observed with ibrutinib.21,31 Temporal differences in
lymphocytosis patterns across the 3 groups were expected given the
difference in thedosing sequenceof ibrutinib relative to ofatumumab.A
recent analysis from the phase2 trial of single-agent ibrutinib in patients
with relapsed/refractory CLL showed that PR with prolonged lympho-
cytosis was not associated with inferior PFS outcomes compared with
a traditional clinical response.32 This finding with single-agent ibruti-
nib32 along with data from the present study with the combination of
ibrutinib and ofatumumab and reported attenuation of lymphocytosis
with the combination of ibrutinib and rituximab36 raises an important
question on whether additional targeting of lymphocytosis with anti-
CD20monoclonal antibodies improves long-termPFS/overall survival
outcomes over single-agent ibrutinib therapy.

The most common AEs (eg, diarrhea, infusion-related reactions,
contusion/bruising, upper respiratory tract infection) observed with the

combination were consistent with the safety profile of the single agents
in previous trials.21,27,31Major bleeding events$ grade 3 occurred in 6
patients (8%),which is consistentwith the rate reported for single-agent
ibrutinib in PCYC-1102-CA, albeit slightly higher than in the recent
randomized RESONATE study of single-agent ibrutinib (1%) vs
ofatumumab (1.6%).21,31 This may be due to implementation of an
ibrutinib dose hold around procedures in the RESONATE study.
Although 13 patients did have a prior history of neuropathy, pe-
ripheral sensory neuropathy was reported at a relatively high rate
(42%) in the present study. However, the observed neurotoxicity
was mostly grade 1 or 2 severity, was not treatment limiting in any
case, and generally resolved with time following completion of
ofatumumab. Notably, peripheral sensory neuropathy was not
a frequent AE in earlier single-agent studies with ibrutinib.21,31

However, in the randomized RESONATE study, peripheral sen-
sory neuropathy (grade 1 and 2) was noted at a higher rate (13%)
with ofatumumab compared with ibrutinib (4%).21 The time course
of neuropathy in the current study suggests overlap with the ofatumu-
mab administration. These results suggest that, although peripheral
neuropathy may be associated with ofatumumab therapy,21 it likely is
exacerbated in combination with ibrutinib. Peripheral neuropathy was
not commonly noted in another trial investigating rituximab and
ibrutinib (9%).36 Generally, this complication did not limit the ability
to administer either therapy as part of the current trial. Moving for-
ward, given that ofatumumab has this unique toxicity different from
observed with rituximab, superiority to this later agent would have to
be demonstrated to actively encourage use of this regimen.

Recently, preclinical studies have reported that ibrutinibmay inhibit
ADCC observed with anti-CD20 monoclonal antibodies.33-35 How-
ever, these findings have not been substantiated clinically, suggesting
that preclinicalfindingsmay not directly translate to the clinical setting.
Moreover, other recent preclinical studies showed conflicting results on
the effect of ibrutinib onADCC.45,46 In 1 report, although ibrutinibwas
found to initially abrogate B-cell depletion with rituximab, over time,
a significant recovery of ADCC activity and restoration of anti-CD20
antibody–mediated B-cell depletion was noted in CLL cells from
ibrutinib-treated patients.46 In another report, under physiologically
relevant experimental conditions, ibrutinib pretreatment had a min-
imal effect on ADCC of anti-CD20 antibodies in lymphoma cell
lines.45 Clinical data from the current study, as well as the phase 2
study of ibrutinib combined with rituximab in high-risk CLL,36

consistently show additive activity with the combination regimen
compared with either ibrutinib or anti-CD20 monoclonal antibody
administered as a single agent. In the current study, it is apparent from
the ALC data that the addition of ofatumumab to ibrutinib treatment
played a role in eliminating peripheral blood lymphocytes regardless
of the sequence administered. Further, in vitro CDC observed with
ofatumumab is unaffected by ibrutinib.34Because ibrutinib induces an
egress of lymphocytes from tissues into the peripheral blood where
complement is abundant, its combinationwith an anti-CD20monoclonal
antibody that mediates CDC may be effective and contribute to the
benefit shown in this study.

In conclusion, we demonstrate that the combination of ibrutinib and
ofatumumab exhibited clinical activity and an acceptable safety profile
in heavily pretreated patients with relapsed/refractory CLL/SLL in
all 3 administration sequences investigated. Unexpectedly, we ob-
served mild and time-limited neuropathy with the combination of
ofatumumab and ibrutinib.Moving forward, the long-term benefit of
adding a CD20 antibody to ibrutinib compared with ibrutinib mono-
therapy will require phase 3 studies that assess both efficacy and also
added toxicity of the combination treatment. Such phase 3 trials using
rituximab are currently ongoing at this time.

Figure 3. Kaplan-Meier curves of PFS by group.
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