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KEY PO INT S

l Extended ibrutinib
treatment showed
sustained PFS in
previously treated
patients with CLL,
including those with
high-risk cytogenetics.

l Overall survival
outcomes were
sustained and no long-
term safety signals
have emerged with
4 years of follow-up on
ibrutinib treatment.

Ibrutinib, a once-daily oral inhibitor of Bruton tyrosine kinase, has greatly improved
outcomes for patients with chronic lymphocytic leukemia (CLL). The phase 3 RESONATE
trial, which compared single-agent ibrutinib to ofatumumab in high-risk, relapsed patients
with CLL, provided support for approval of ibrutinib in the United States and Europe. We
describe long-term follow-up of patients treated in RESONATE, where continued supe-
riority of progression-free survival (PFS) (hazard ratio [HR], 0.133; 95% confidence interval
[CI], 0.099-0.178) was observed. Overall survival benefit continues (HR, 0.591; 95% CI,
0.378-0.926), althoughwith decreasedmagnitude relative to that seen before crossover to
ibrutinib was implemented for patients on ofatumumab (HR, 0.426; 95% CI, 0.220-0.823).
Notably, overall response to ibrutinib increased over time, with 91% of patients attaining
a response. The PFS benefit with ibrutinib was independent of baseline risk factors, al-
though patients with ‡2 prior therapies had shorter PFS than thosewith <2 prior therapies,
and the presence of TP53 or SF3B1 mutations showed a trend toward shorter PFS vs
without these factors. Median duration of ibrutinib was 41 months, with 46% remaining on
treatment at a median follow-up of 44 months. Grade ‡3 adverse events generally de-

creased over time, causing only a small proportion of patients to cease therapy. Ibrutinib was discontinued due to
progressive disease in 27% of patients. This long-term study provides support for sustained efficacy and safety of
ibrutinib in relapsed/refractory CLL and consideration of study provisions that allow crossover to investigational
therapy when benefit has been clearly demonstrated. This trial was registered at www.clinicaltrials.gov as
#NCT01578707. (Blood. 2019;133(19):2031-2042)

Introduction
Chronic lymphocytic leukemia (CLL) is characterized by in-
creasing frequency in individuals aged .60 years and has
a variable natural history predicted in part by clinical and ge-
nomic features.1-4 CLL is typically diagnosed at an early stage
and is monitored without therapy until symptoms develop.1 At
the time of therapy initiation, a patient’s age, comorbidities,
and select genotype features, such as presence or absence of
del(17)(p13.1), del(11)(q22.3), TP53 mutations, or immunoglo-
bulin heavy chain variable region gene (IGHV) mutational status
are important in treatment choice.1 For initial therapy of CLL,

treatment approaches have evolved from monotherapy with
alkylating agents to chemoimmunotherapy including a CD20
antibody such as rituximab or obinutuzumab.5-8 Although a
subset of patients with CLL requiring treatment are young or fit
with IGHV-mutated disease in which durable remissions can be
appreciated with fludarabine, cyclophosphamide, and rituximab
(FCR), themajority of patients are not and typically relapse within
3 to 5 years or earlier.3,9,10 At relapse, treatment often includes
different or similar chemoimmunotherapy or targeted agents
such as B-cell receptor signaling pathway inhibitors or BCL-2
inhibitors.11,12
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The introduction of ibrutinib, a first-in-class, once-daily, orally
bioavailable, covalent inhibitor of Bruton tyrosine kinase ap-
proved for treatment of CLL, has greatly changed how this
disease is treated.13 Bruton tyrosine kinase is an enzyme whose
expression and activity are essential for B-cell receptor signaling,
cellular homing, and adhesion.14-17 Ibrutinib was initially ap-
proved for treatment of CLL for patients who had received $1
prior therapy, based on high response rates and durability of
response demonstrated in a single-arm phase 2 study.18 Most
patients on the pivotal phase 2 study (PCYC-1102) derived
benefit from single-agent ibrutinib therapy. However, the size
and single-arm design of this initial trial limited the ability to
fully understand safety and efficacy with prolonged ibrutinib
treatment, including identification of pretreatment features as-
sociated with shorter progression-free survival (PFS).18,19 This
randomized phase 3 study (PCYC-1112, RESONATE) was initi-
ated to compare once-daily, oral, single-agent ibrutinib with
ofatumumab, an approved single-agent therapy, in patients with
relapsed or refractory CLL. The primary analysis (median follow-
up, 9.4 months) was reported previously20 and provided justi-
fication for full regulatory approval of ibrutinib in previously
treated CLL.21 The large population of the RESONATE study
(N5 391) with its extended follow-up provides an opportunity to
examine pretreatment genomic features and long-term efficacy
and safety of ibrutinib treatment in patients with CLL.22 Addi-
tionally, midstudy modification of the study design to permit
crossover from control treatment to ibrutinib allows analyses
toward understanding the impact of crossover on survival.

Methods
Patients
Detailed eligibility criteria have previously been described.20

Eligible patients with CLL or small lymphocytic lymphoma (SLL)
had received $1 line of prior therapy and met International
Workshop on Chronic Lymphocytic Leukemia (IWCLL) 2008
criteria for requiring therapy but were considered inappropriate
candidates for purine analog treatment (see supplemental
Methods, available on the Blood Web site). All patients pro-
vided written informed consent. The study was approved by the
institutional review board or independent ethics committee at
each participating institution and was conducted in accordance
with the Declaration of Helsinki and International Conference on
Harmonization Guidelines for Good Clinical Practice. The study
was sponsored by Pharmacyclics LLC, an AbbVie company, and
Janssen Research and Development, LLC.

Study design
The RESONATE study was an international, open-label, ran-
domized, phase 3 study designed to compare the efficacy
and safety of ibrutinib with ofatumumab (registered at www.
clinicaltrials.gov as #NCT01578707). An independent review
committee (IRC), blinded to treatment and lymphocyte data,
assessed disease progression and response. Patients were en-
rolled between June 2012 and April 2013 and were randomized
1:1 to receive oral ibrutinib 420 mg once daily until disease
progression or unacceptable toxicity or IV ofatumumab ad-
ministered for up to 24 weeks at an initial dose of 300mg at week
1, followed by 2000 mg weekly for 7 weeks then every 4 weeks
for 16 weeks. Patients were stratified according to (1) disease
refractory to purine analog-anti-CD20 chemoimmunotherapy

regimen (defined as no response or relapse within 12 months of
the last purine analog dose) and (2) presence of del(17)(p13.1).
During the conduct of this study, continued promising dura-
ble responses in the phase 2 study led investigators and the
RESONATE steering committee to request, and the indepen-
dent data monitoring committee (DMC) to endorse, crossover of
patients from ofatumumab to ibrutinib.18 This was supported by
the sponsor, and health authorities were informed. A protocol
amendment was released ;4 months after the last patient was
randomized that allowed ofatumumab-randomized patients with
IRC-confirmed disease progression to receive ibrutinib. Sub-
sequently, based on results from the interim analysis, the DMC
recommended allowing crossover to the ibrutinib arm for all
remaining patients on the ofatumumab arm.

Study assessments and follow-up
The primary end point was PFS assessed by the IRC per IWCLL
2008 criteria with 2012 clarification for treatment-related lym-
phocytosis not to be considered progressive disease (PD).23 Key
secondary end points included overall survival (OS) and overall
response rate (ORR) as defined by IWCLL criteria.24 Monitoring
of patients for the first 18 months has been previously de-
scribed.20 Thereafter, patients were seen every 3 months for
a disease and toxicity assessment that included history, physical
examination, and laboratory monitoring (complete blood count,
chemistry, and liver function tests). Further details on study as-
sessments, including laboratory studies, are described in sup-
plemental Methods.

Statistical analysis
The intent-to-treat population was assessed for long-term effi-
cacy. Long-term safety was assessed in treatment-emergent
periods for each randomized therapy. In this updated analysis,
PFS and ORR were determined by investigator assessment, as
IRC assessment was not performed beyond the primary analysis.
The proportion of patients with sustained hematologic im-
provement was compared using a Fisher exact test. All patients
who received $1 treatment dose were included in the safety
analysis. At interim analysis (median 9 months of follow-up), the
DMC declared superiority of ibrutinib vs ofatumumab for PFS
and OS and recommended early unblinding of the study. The
interim analysis was thus considered the primary analysis. An ad-
ditional OS sensitivity analysis was performed per published
guidelines to address the bias introduced by extensive crossover
from ofatumumab to ibrutinib. The rank-preserving structural failure
time model was used to account for crossover and represents
a randomization-based method for estimating counterfactual
survival times that would have been observed in the absence of
crossover. Multivariate analysis for PFS in the ibrutinib arm was
conducted with the following potential covariates included in the
model: age, Rai stage, Eastern Cooperative Oncology Group
(ECOG) status, number of prior lines of therapy, del(17)(p13.1)
status, del(11)(q22.3) status, B2M, lactate dehydrogenase, and
refractory status to purine analogs. Covariates in the final model
were identified using forward, backward, and stepwise selection.

Results
Patient features
A total of 391 patients were enrolled (supplemental Figure 1).
Baseline characteristics, including genomic and mutational
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features, are shown in Table 1. A large proportion of patients had
high-risk features, including del(17)(p13.1) (32% in ibrutinib arm;
33% in ofatumumab arm) or TP53 mutation (51% and 46%,
respectively); 25% and 22%, respectively, had complex karyo-
type. In post hoc analysis of available baseline data, large
proportions of patients had high-risk (24% in the ibrutinib arm;
27% in the ofatumumab arm) or very-high-risk CLL-IPI scores
(36% and 25%, respectively); 35% and 40% in the ibrutinib and
ofatumumab arms, respectively, could not be scored (Table 1).
Baseline bulky disease (lymph node $ 5 cm) and unmutated

IGHV were more frequently observed in the del(11)(q22.3)
subgroup (supplemental Table 1). Median follow-up for patients
assigned initially to ibrutinib was 44 months (range, 0.33-53.16)
and median time on ibrutinib was 41 months (range, 0.2-50.1
months), with 69% receiving .2 years of ibrutinib. At time of
analysis, 90/195 patients (46%) remain on initially assigned
ibrutinib therapy (supplemental Table 2). The most common
reasons for discontinuation of ibrutinib were PD (53/195 patients;
27%) and adverse events (AEs) (23/195; 12%). Of 53 patients for
whom PD was the primary reason for discontinuation of ibrutinib,
14 patients discontinued due to Richter transformation (diffuse
large B-cell lymphoma, n 5 9; Hodgkin disease, n 5 3; prolym-
phocytic lymphoma, n 5 2); median time to transformation in
these 14 patients was 13.6 months (range, 1.7-27.8). Sequencing
data for somatic mutations in TP53, SF3B1, NOTCH1, XPO1, and
BIRC3 genes were available from baseline in 10 of 14 Richter
transformation patients. Mutations were found to be present
in TP53 (8/10 patients), SF3B1 (5/10 patients), NOTCH1 (4/10
patients), XPO1 (1/10 patients), and BIRC3 (1/10 patients). These
gene mutations, with the exception of TP53 mutations, were
found to occur concurrently with mutations in $1 of the other
assayed genes. Of 8 patients with TP53 mutations, half (4/8
patients) also had mutations in $1 of these other negative prog-
nostic genes, while half only hadmutations inTP53. Of 23patients
who discontinued ibrutinib due to AEs, the most frequent AEs
were pneumonia (n5 3) and anemia, thrombocytopenia, diarrhea,
and anal incontinence (n 5 2 each).

Median follow-up time for patients initially assigned to ofatumumab
who crossed over to ibrutinib at time of progression (n 5 133)
was 43.6 months (range, 7.21 to 50.0); 41% of these patients
were still receiving ibrutinib at the time of analysis.

PFS
At a median follow-up of 44 months (range, 0.33-53 months) for
ibrutinib, PFS remains significantly longer for ibrutinib than for
ofatumumab, with a HR of 0.133 (95% CI, 0.099-0.178; P, .0001)

Table 1. Baseline pretreatment patient characteristics
(ITT population)

Characteristic
Ibrutinib
(n 5 195)

Ofatumumab
(n 5 196)

Age, y

Median (range) 67 (30-86) 67 (37-88)

$70 78 (40) 80 (41)

Male sex 129 (66) 137 (70)

Time since initial diagnosis,
median (range), mo

92 (5-329) 91 (6-346)

Histology at diagnosis

CLL 185 (95) 188 (96)

SLL 10 (5) 8 (4)

Rai stage at screening

0 5 (3) 2 (1)

I 51 (26) 42 (21)

II 30 (15) 39 (20)

III 23 (12) 35 (18)

IV 86 (44) 78 (40)

ECOG PS

0 79 (41) 80 (41)

1 116 (59) 116 (59)

Bulky disease (lymph node $5 cm) 124 (64) 101 (52)

LDH, U/L

Median (range) 232 (40-1937) 228 (94-1301)

B2M, mg/L

Median (range) 5.8 (1.8-20.2) 5.8 (2.0-17.1)

#3.5 30 (15) 28 (14)

.3.5 153 (78) 145 (74)

Number of prior therapies

Median (range) 3 (1-12) 2 (1-13)

1 35 (18) 53 (27)

2 57 (29) 53 (27)

$3 103 (53) 90 (46)

Genomic abnormalities

del(17p)(13.1) 63/195 (32) 64/196 (33)

del(11q)(22.3) 63/190 (33) 59/191 (31)

Complex karyotype* 39/153 (25) 33/147 (22)

IGHV unmutated† 98/134 (73) 84/133 (63)

NOTCH1 mutation‡ 43/154 (28) 45/149 (30)

TP53 mutation‡ 79/154 (51) 68/149 (46)

SF3B1 mutation‡ 47/154 (31) 44/149 (30)

BIRC3 mutation‡ 21/154 (14) 15/149 (10)

XPO1 mutation‡ 26/154 (17) 12/149 (8)

Table 1. (continued)

Characteristic
Ibrutinib
(n 5 195)

Ofatumumab
(n 5 196)

CLL-IPI risk group§

Low risk 1 (,1) 1 (,1)

Intermediate risk 10 (5) 15 (8)

High risk 46 (24) 53 (27)

Very high risk 70 (36) 49 (25)

Missing 68 (35) 78 (40)

Data are presented as n (%) of patients.

B2M, b-2 microglobulin; CLL-IPI, Chronic Lymphocytic Leukemia International Prognostic
Index; LDH, lactate dehydrogenase; PS, performance status.

*Complex karyotype data were reported by the investigator; data were not available for
42 patients in the ibrutinib arm and 49 patients in ofatumumab arm. Complex karyotype
was defined as $3 cytogenetic abnormalities based on karyotyping (conventional
cytogenetics) by local laboratories and did not require routine stimulation.

†IGHV mutation status was assessed by a central laboratory; data were not available for
61 patients in ibrutinib arm and 63 patients in ofatumumab arm.

‡Data were not available for 41 patients in the ibrutinib arm and 47 patients in the
ofatumumab arm.

§CLL-IPI risk group was determined for patients with data available for all 5 variables (age,
clinical stage, del(17p)(13.1) and/or TP53mutation status, IGHVmutation status, and B2M
level); for patients with known del(17p)(13.1) status but unknown (missing) TP53 mutation
status, grading for this variable was determined based on del(17p)(13.1) status.
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(Figure 1). Median PFS was not reached (NR) with ibrutinib and
8.1 months for ofatumumab. Of those patients assigned to
ofatumumab, 178 out of 196 (91%) had experienced progression
or death at the time of analysis. The 3-year PFS rate was
59% with ibrutinib vs 3% with ofatumumab.

The benefit of ibrutinib vs ofatumumab on PFS was consistent
across patient subgroups analyzed according to baseline clinical
characteristics or molecular features, with HRs ranging from
0.049 to 0.183 (Figure 2). Consistent with PFS results for the
overall population, similar PFS benefit with ibrutinib treatment
was also observed in exploratory post hoc analyses of patient
subgroups with high- and very-high-risk CLL-IPI scores. HRs for
PFS events with ibrutinib vs ofatumumab by CLL-IPI risk groups
were 0.064 (95% CI, 0.008-0.502) for intermediate-risk, 0.115
(95% CI, 0.059-0.222) for high-risk, and 0.118 (95% CI, 0.067-
0.207) for very-high-risk CLL-IPI groups. PFS was also examined
within the ibrutinib arm. PFS was longer in patients who received
#2 prior lines of therapies (62% [57/92] had 2 prior) compared
withmore heavily pretreated patients with.2 prior lines (median
PFS NR vs 35.1 months) (Figure 3A). Of the genomic factors
examined, PFS for the del(11)(q22.3) subgroup trended to have
the most favorable outcome; however, PFS was not statistically
different for patients with del(17)(p13.1) (median 40.1 months) or
del(11)(q22.3) (median NR) or without these fluorescence in situ
hybridization abnormalities (median NR) (Figure 3B). Median PFS
among patients with complex karyotype was 40.8 months vs NR
for patients without complex karyotype (Figure 3C; HR 1.292;
95% CI, 0.770-2.168). Among patients with complex karyotype,
median PFS was 41.2 vs 31.7 months (HR, 0.795; 95% CI 0.329-
1.921) in patients with del(17)(p13.1) vs without del(17)(p13.1).
No significant differences were observed in PFS with ibrutinib
between patients with unmutated and mutated IGHV status;
median PFS was NR in both subgroups and 3-year PFS was
63% vs 66%, respectively (Figure 4A). Similarly, no significant
differences in PFS with ibrutinib treatment were seen in patients
with or without mutations in NOTCH1, TP53, SF3B1, BIRC3, or
XPO1. Median PFS was NR for patients with or without mutated
NOTCH1 status (Figure 4B). PFS in patients with TP53mutations
had a trend toward less favorable outcomes vs those without TP53

mutations (median PFS 40.7 months vs NR), although this differ-
ence was not statistically significant (Figure 4C). Median PFS was
40.6 months in patients with mutated SF3B1 gene but NR for
patients with nonmutated SF3B1 status (Figure 4D). Median PFS
was NR in patients with or without mutated BIRC3 (Figure 4E).
Median PFS was 38.5 months in patients with mutated XPO1
compared with NR for patients with nonmutated XPO1 (Figure 4F).

In a multivariate analysis of PFS with ibrutinib, independent
factors associated with decreased PFS included greater number
of prior lines of therapy (HR [95%CI] for#2 vs.2 prior therapies,
0.53 [0.333-0.840]; P5 .007) and elevated B2M (HR [95% CI] for
#3.5 vs .3.5 mg/L, 0.45 [0.206-0.977]; P 5 .044).

OS
With extended follow-up and despite most patients in the
ofatumumab arm (133/196 [68%]) crossing over to ibrutinib as of this
updated analysis, OS continues to trend longer for ibrutinib vs
ofatumumab (median NR for either arm), with 74% of patients on the
ibrutinib arm and 65% on the ofatumumab arm (irrespective of
crossover to ibrutinib) alive at 3 years of follow-up after randomization.
Censored for crossover, OS was better in patients randomized to
ibrutinib (HR, 0.591; 95% CI, 0.378-0.926; P 5 .0208); Figure 5). A
sensitivity analysis of OS adjusting for crossover based on the rank-
preserving structural failure time method also showed continued OS
benefit with ibrutinib vs ofatumumab (HR, 0.371; 95%CI, 0.223-0.618).

Response and hematologic improvement
The cumulative ORR for ibrutinib was 91%, and the proportion of
patients with a best response of complete remission/complete
remission with incomplete marrow recovery (9% with current fol-
low-up) increased over time (Figure 6). Among patients with
cytopenias at baseline, sustained hematologic improvement in
absolute neutrophil count, hemoglobin, and platelet count were
noted in 76%, 80%, and 85% of patients treated with ibrutinib,
respectively (supplemental Table 3).

Patient-reported outcomes
The average (standard deviation) Functional Assessment of
Cancer Therapy-Fatigue (FACIT-F) score at baseline was
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Figure 1. PFS at a median follow-up of 44 months
(intention-to-treat [ITT] population). NE, not evaluated.
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36.1 (12.3) for ibrutinib and 35.6 (11.9) for ofatumumab, and a
greater proportion of patients achieved clinically meaningful
improvement in FACIT-F with ibrutinib than with ofatumumab
(64% vs 50%).

At baseline, mean (standard deviation) EuroQol 5-Dimensions
5-Level (EQ-5D-5L EuroQol Research Foundation; EQ-5D is
a trademark of the EuroQol Research Foundation) Visual Analog
Scale scores were 66.4 (21.4) for ibrutinib and 67.6 (19.7) for

ofatumumab, and similar proportions (65% vs 45%) of ibrutinib
and ofatumumab patients achieved clinically meaningful im-
provement. Improvements in FACIT-F and EQ-5D-5L Visual
Analog Scale scores were largely maintained over time with
ibrutinib (supplemental Figure 2A-B).

AEs
The most common AEs of any grade (occurring in $20% of
patients) were consistent with prior reports with ibrutinib

All patients

Refractory disease to purine analogs

Yes

No

del17p

Yes

No

Age

<65 years

65 years

Gender

Male

Female

Race

White

Non-White

Geographic region

US

Europe/Other

Rai Stage at baseline

Stage 0-II

Stage III-IV

ECOG at baseline

0

1

Bulky Disease

<5 cm

≥5 cm

Number of prior treatment lines

<3

≥3

del11q

Yes

No

B2-microglobulin at baseline

3.5 mg/L

>3.5 mg/L

BIRC3*

Mutated

Unmutated

NOTCH1

Mutated

Unmutated

SF3B1

Mutated

Unmutated

TP53

Mutated

Unmutated

XPO1

Mutated

Unmutated

0.139 (0.104-0.184)

No. of Patients Hazard Ratio (95% CI)

391

175

216

127

264

152

239

266

125

351

40

192

199

169

222

159

232

163

225

198

193

122

259

58

298

36

267

88

215

91

212

147

156

38

265

0.00 0.25 0.50 0.75

Hazard ratio
Favors

ibrutinib
Favors

ofatumumab

1.00 1.25 1.50

0.117 (0.076-0.180)

0.154 (0.105-0.226)

0.125 (0.074-0.210)

0.138 (0.097-0.196)

0.093 (0.057-0.152)

0.165 (0.116-0.237)

0.148 (0.105-0.208)

0.118 (0.070-0.201)

0.142 (0.105-0.192)

0.091 (0.032-0.258)

0.118 (0.077-0.179)

0.165 (0.112-0.242)

0.094 (0.059-0.152)

0.181 (0.127-0.258)

0.136 (0.085-0.218)

0.141 (0.099-0.202)

0.142 (0.089-0.227)

0.101 (0.067-0.150)

0.120 (0.077-0.186)

0.128 (0.085-0.191)

0.049 (0.024-0.101)

0.183 (0.131-0.256)

0.081 (0.033-0.200)

0.147 (0.107-0.202)

<0.001 (0-NE)

0.167 (0.119-0.233)

0.102 (0.052-0.201)

0.164 (0.113-0.238)

0.121 (0.066-0.222)

0.155 (0.105-0.228)

0.172 (0.111-0.266)

0.125 (0.078-0.199)

0.044 (0.011-0.170)

0.151 (0.107-0.214)

Figure 2. Forest plot of HRs for PFS by baseline
subgroups (ITT population). *All 15 patients with
mutated BIRC3 in the ofatumumab arm had events.
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(supplemental Figure 3). The most common grade $3 hema-
tologic AEs over the 41-month treatment period included
neutropenia (23%), anemia (9%), and thrombocytopenia (8%).
The most common grade $3 nonhematologic AEs included
pneumonia (17%), hypertension (8%), urinary tract infection (6%),

atrial fibrillation (6%), and diarrhea (6%). Over the long-term
follow-up on the ibrutinib arm, major hemorrhage had occurred
in 12 patients (6%). Second primary malignancies included
nonmelanoma skin cancers in 29 patients (15%), non-skin can-
cers in 12 patients (6%), and melanoma in 1 patient (,1%).
Figure 7 demonstrates that the prevalence of most reported
grade $3 AEs of interest decreased over time for patients
remaining on treatment. The prevalence of grade $3 atrial fi-
brillation was 4%, 0%, 2%, and 1% over years 0 to 1, 1 to 2, 2 to 3,
and 3 to 4, respectively (Figure 7), while atrial fibrillation of any
grade was reported in 22 patients (11%) over the course of
follow-up. The prevalence of grade $3 hypertension was 4%,
9%, 7%, and 6% over years 0 to 1, 1 to 2, 2 to 3, and 3 to 4,
respectively. The prevalence of AEs leading to discontinuation
generally decreased over time from 11% in year 0 to 1 to 3%
in year 3 to 4. The prevalence of AEs leading to dose reduction
remained consistent over time (6%, 9%, 4%, and 7% over years
0 to 1, 1 to 2, 2 to 3, and 3 to 4, respectively). Of 26 patients
who had dose reductions due to AEs, 6 patients re-escalated
ibrutinib for $2 cycles (range, 61-272 days) at doses of 280 mg
(n 5 1) and 420 mg (n 5 5); these patients continued ibrutinib
for median 931 days after dose reduction, and 4 patients sub-
sequently discontinued treatment. The remaining 20 patients
who did not re-escalate dose received ibrutinib for median
686 days after dose reduction, and 11 patients subsequently
discontinued.

Impact of crossover on OS
Considerable debate existed at trial initiation regarding equi-
poise of the treatment arms due to durable remissions observed
with ibrutinib as part of the initial phase 1 and 2 trials. To un-
derstand for future trials how decisions to allow vs prohibit
crossover in phase 3 studies influence outcomes, we examined
the OS prior to the time at which crossover to ibrutinib treatment
was allowed for patients randomized to ofatumumab treatment.
Indeed, relative risk of dying trended higher for patients on the
ofatumumab arm prior to institution of crossover (HR, 0.426;
95% CI, 0.220-0.823). The reduced risk of dying currently ob-
served for patients randomized to the control arm illustrates the
patient benefits of crossover that were subsequently observed in
this study.

Discussion
We have described extended follow-up of the randomized
phase 3 trial of ibrutinib vs ofatumumab in patients with relapsed
CLL/SLL. Primary analysis at median follow-up of 9.7 months
demonstrated superiority of ibrutinib over ofatumumab in PFS,
OS, and overall response. With extended follow-up of median
44 months, these same results persist; a plateau of PFS has not
yet been reached in this long-term follow-up. We also observe
very durable remissions among patients of all genomic groups,
including those with del(17)(p13.1), del(11)(q22.3), or unmutated
IGHV, who are traditionally considered high-risk populations.
This contrasts with the inferior outcomes generally observed with
chemoimmunotherapy in patientswithdel(17)(p13.1)/del(11)(q22.3)
or unmutated IGHV. A variety of genomic mutations commonly
observed inCLL, includingBIRC3,SF3B1,NOTCH1, andXPO1, did
not affect ibrutinib-conferred PFS, in contrast to the inferior
outcomes generally observed with these mutations. Following
the pattern observed with most CLL therapies, patients with
del(17)(p13.1) or TP53 mutations tended to have a shorter PFS
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than those without these genomic features, but no signifi-
cant differences were seen.25-28 While del(17)(p13.1) was
identified as an independent prognostic factor for PFS in
patients with relapsed/refractory CLL treated with ibrutinib in
the PCYC-1102/1103 study, it should be noted that patients
in that study had received a greater number of prior regimens

and more frequently had complex karyotype than patients in
RESONATE.29 In a multivariate analysis examining features
associated with shortened PFS in ibrutinib-treated patients in
RESONATE, only number of prior therapies (1-2 vs .2) and
baseline B2M levels (#3.5 vs .3.5 mg/L) were predictive. As
observed in earlier studies of ibrutinib,19,29 response rates and
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depth of response have improved over time in RESONATE,
with 91% of patients currently responding (9% complete re-
mission/complete remission with incomplete marrow re-
covery). Although new cases of AEs continue to occur with
extended follow-up on ibrutinib, the burden of toxicities
(prevalence by yearly intervals), including atrial fibrillation,
diarrhea, and infections appeared to plateau or decrease
while hypertension was observed more frequently in later
years. Discontinuation or dose reductions due to toxicities
with ibrutinib were relatively uncommon over the median
41 months of therapy, suggesting that ibrutinib is generally
well tolerated over long-term therapy. We acknowledge that
patients in this study were relatively young (median age
67 years) and fit (all had ECOG status 0-1), which may not fully
represent patients in the real-world setting. Nevertheless,
this long-term follow-up study provides evidence that ibru-
tinib represents a highly efficacious and acceptably tolerated

therapy for long-term use in relapsed/refractory patients
with CLL.

One aspect of this study that emerged at onset of initial patient
enrollment was the clinical equipoise of the 2 treatment arms.
Data from a single-arm phase 2 study in heavily pretreated
patients with CLL demonstrated remissions in a large pro-
portion of patients treated when this trial was initially plan-
ned.18 Given that durability of response to ibrutinib therapy
was not known at the time of study conception and ibrutinib
was not licensed in any region, a crossover to experimental
therapy was not initially included in the study design. During
the extended initiation period of this trial, further evidence of
durability of response emerged that prompted investigators
and patients to advocate for such crossover. In this report,
we have provided a retrospective analysis demonstrating
a higher risk of death for patients who did not have access to
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the investigational agent ibrutinib. Future trials in CLL and
other cancers where effective therapies are not available
may consider phase 3 trial designs that prespecify outcome
findings from initial phase 2 studies that would lead to
the immediate ability to incorporate crossover to effective
therapies. Such design should have prospective agreement
by regulatory agencies and sponsors on select surrogate
end points acceptable for definitive registration to avoid
abrogating the overarching purpose of performing the trial.
These considerations would enhance benefit to patients
who contribute as control subjects in randomized phase 3
trials.

The evolution of treatment options from intermittent chemo-
immunotherapy to include continuous oral administration of
targeted therapy raises several important questions related
to long-term toxicities. Treatment with chemoimmunotherapy
can result in cytopenias and life-threatening infections due
to treatment-related myelosuppression.30-32 In previously un-
treated patients receiving FCR, recurrent late cytopenia epi-
sodes occurred in 28% of patients, with actuarial 1- and 6-year
incidences of 18% and 23%, respectively, after a median follow-
up of 6 years.33 A subset of these cytopenic episodes (8%) were
associated with infection. In previously treated patients with CLL,
the REACH study of FCR had an 18% frequency of grade 3 to
4 infections; the COMPLEMENT-2 study of ofatumumab, flu-
darabine, and cyclophosphamide had a 19% frequency of grade
$3 infections; and the MURANO study of venetoclax and rit-
uximab, although not a chemoimmunotherapy regimen, had

a frequency of grade 3 to 4 infections of 18%.34-36 Although
direct comparisons cannot be made, collective long-term ex-
perience of ibrutinib shows delayed cytopenias are not typically
observed and ibrutinib is associated with improved hematologic
function in a large majority of patients with baseline cytopenias.
Grade 3 infection risk with ibrutinib was similar to that observed
with chemoimmunotherapy in the relapsed setting, but with
seemingly higher efficacy.37 Additionally, while grade $3 atrial
fibrillation and major hemorrhage were noted in a minority of
patients receiving ibrutinib, incidences were not amplified with
extended exposure. The rate of atrial fibrillation in this study
(11%) is generally consistent with rates observed in real-world
studies of ibrutinib in relapsed/refractory CLL (5% to 12% over
follow-up durations of 10-24 months)38-43 and in prior clinical
studies (5% to 15% over follow-up of 17-60 months).19,29,44-49

Discontinuation of ibrutinib due to AEs occurred in only 12% of
patients over 3.5 years of treatment; although 26 patients (13%)
required dose reduction, 11 out of 26 patients were continuing
ibrutinib at the time of this analysis, and 6 out of 26 patients re-
escalated dose. Ultimately, extended follow-up of randomized
trials comparing ibrutinib to chemoimmunotherapy and other
targeted agents in previously untreated patients with CLL will
be required to adequately compare toxicity, as most relapsed
studies reported to date afford only short-term comparative
follow-up due to imbalance in efficacy.

After extended follow-up of ibrutinib-treated patients, the
most common cause for treatment cessation was PD (n 5 53).
The most common progression histology was CLL (n 5 39);
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Figure 7. Prevalence of grade ‡3 AEs of clinical interest
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or in severity or that results in one of the following: intraocular
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however, 14 patients had transformation to large cell lymphoma
(n 5 9), Hodgkin disease (n 5 3), and prolymphocytic leu-
kemia (n 5 2), with many of these patients progressing fairly
early (,1 year) after randomization. Survival for study patients
in the setting of relapsed disease remained modest and better
with immediate vs delayed ibrutinib treatment (after cross-
over), indicating the need for strategies to prevent and treat
ibrutinib-relapsed disease. In this study, we identified decreased
PFS amongpatients receiving ibrutinib beyond second-line therapy
compared with those receiving it in second line. In other diseases,
such as chronic myeloid leukemia, earlier application of targeted
therapy yielded a lower frequency of disease progression.50-52

Studies applying ibrutinib in first-line therapy have observed similar
findings.29,44,53 Multiple studies are ongoing to investigate ibrutinib
earlier in the course of CLL therapy, including phase 3 studies of
first-line ibrutinib (or ibrutinib combined with anti-CD20 therapy)
compared with standard chemoimmunotherapy regimens (Alliance
041202 study, NCT01886872; PCYC-1130 study, NCT02264574;
ECOG 1912 study, NCT02048813).

In conclusion, this study comprises a large cohort of patients
with relapsed CLL/SLL receiving single-agent ibrutinib and
provides further evidence for efficacy and safety with prolonged
treatment across multiple high-risk genomic and clinical disease
features and with increasing depth of response. These findings
also support the earlier application of ibrutinib in the treatment
of patients with CLL/SLL.
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