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Abstract

The efficacy of ibrutinib has been demonstrated in patients with chronic lymphocytic leu-

kemia (CLL), including as first-line therapy. However, outcomes after ibrutinib discontinu-

ation have previously been limited to higher-risk populations with relapsed/refractory

(R/R) disease. The objective of this study was to evaluate outcomes of ibrutinib-treated

patients based on prior lines of therapy, including after ibrutinib discontinuation. Data

were analyzed from two multicenter phase 3 studies of single-agent ibrutinib: RESO-

NATE (PCYC-1112) in patients with R/R CLL and RESONATE-2 (PCYC-1115) in patients

with treatment-naive (TN) CLL without del(17p). This integrated analysis included
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271 ibrutinib-treated non-del(17p) patients with CLL (136 TN and 135 R/R). Median

progression-free survival (PFS) was not reached for subgroups with 0 and 1/2 prior thera-

pies but was 40.6 months for patients with ≥3 therapies (median follow-up: TN,

36 months; R/R, 44 months). Median overall survival (OS) was not reached in any sub-

group. Overall response rate (ORR) was 92% in TN and 92% in R/R, with depth of

response increasing over time. Adverse events (AEs) and ibrutinib discontinuation due to

AEs were similar between patient groups. Most patients (64%) remain on treatment. OS

following discontinuation was 9.3 months in R/R patients (median follow-up 18 months,

n = 51) and was not reached in TN patients (median follow-up 10 months, n = 30). In this

integrated analysis, ibrutinib was associated with favorable PFS and OS, and high ORR

regardless of prior therapies in patients with CLL. The best outcomes following ibrutinib

discontinuation were for patients receiving ibrutinib in earlier lines of therapy.

1 | INTRODUCTION

The B-cell receptor (BCR) signaling pathway has emerged as an

important therapeutic target for B-cell malignancies, including chronic

lymphocytic leukemia (CLL).1 Bruton's tyrosine kinase (BTK), a com-

ponent of signaling via the BCR, plays a role in the survival, prolifera-

tion, tissue adhesion, and migration of CLL cells.1–5 Ibrutinib, a first-

in-class, once-daily oral BTK inhibitor, is indicated by the United

States Food and Drug Administration and the European Medicines

Agency for treating patients with CLL, including del(17p) CLL, and

allows for treatment without chemotherapy. Results from the phase

3 RESONATE-2 study (PCYC-1115) of ibrutinib versus chlorambucil

in treatment-naive (TN) patients with CLL showed significantly pro-

longed progression-free survival (PFS) and overall survival (OS) with

ibrutinib.6 In patients with relapsed/refractory (R/R) CLL, the phase

3 RESONATE study (PCYC-1112) of ibrutinib versus ofatumumab

showed superior PFS and OS with ibrutinib.7 Data from RESONATE

suggest that outcomes with ibrutinib in the relapsed setting vary by

extent of prior therapy; patients treated with ibrutinib after one prior reg-

imen experience significantly longer PFS than patients treated in later

lines.8 As BCR signaling inhibitors are only recently available for CLL, and

patients discontinue infrequently, few studies have evaluated patient

outcomes following cessation of ibrutinib. Recent institutional analyses

that included high-risk, multiply relapsed patients reported poor survival

in those who discontinued ibrutinib.9,10 We conducted an integrated

analysis of two phase 3 studies to evaluate outcomes with ibrutinib in

CLL based on the number of prior lines of therapy, including after ibruti-

nib discontinuation.

2 | PATIENTS AND METHODS

2.1 | Patients, treatment regimen, and clinical end
points

Data were analyzed from patients from two multicenter, randomized

phase 3 studies of single-agent ibrutinib: RESONATE-2 (NCT01722487)

in TN patients ≥65 years of age6 and RESONATE (NCT01578707)

in patients with CLL treated with ≥1 prior therapy, as previously

described.6,7 RESONATE-2 excluded patients with del(17p); there-

fore, this subgroup was also excluded from RESONATE for this

analysis to ensure a homogeneous dataset. Patients treated with

1 to 2 prior lines of therapy were combined because the number of

patients treated with one prior therapy was small (n = 27).

In both studies, patients on the ibrutinib arm received ibruti-

nib 420 mg once daily continuously. Patients on the comparator

arm received up to 12 cycles of chlorambucil (RESONATE-2)

or 24 weeks of intravenous ofatumumab (RESONATE), and

those patients with progression confirmed by an Independent

Review Committee were allowed to cross over to ibrutinib.6,7

Details regarding drug administration have been previously

published.6,7

Clinical end points included PFS, OS, overall response rate (ORR),

and safety (grading of severity of adverse events [AEs] based on

CTCAE 4.0). In addition, OS post-discontinuation of ibrutinib and

comparator treatments were assessed. PFS and ORR were based on

investigator assessment.

Studies were approved by the institutional review boards at each

participating institution and conducted in accordance with the Decla-

ration of Helsinki. All patients provided written informed consent.

RESONATE and RESONATE-2 were registered at www.clinicaltrials.

gov as NCT01578707 and NCT01722487.

2.2 | Statistical considerations

Patient subgroups were defined according to the number of lines of

therapy received before ibrutinib (0, 1-2, ≥3 prior lines). Descriptive

analysis was used to summarize demographics, baseline characteris-

tics, and safety. OS post-discontinuation was measured from the date

of ibrutinib discontinuation to the date of last follow-up or death.

Time-to-event end points were estimated using the Kaplan-Meier

method.
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3 | RESULTS

3.1 | Patients

This integrated analysis included 271 ibrutinib-treated patients: 136 from

RESONATE-2 and 135 from RESONATE (1-2 prior, 68; ≥3 prior, 67).

TN patients were older and had a lower frequency of high-risk genomic

abnormalities, such as del(11q) and complex karyotype relative to the

R/R group (Supporting Information Table 1).

3.2 | Efficacy

Median follow-up was 36 months for TN patients and 44 months for

R/R patients (44 mo with 1-2 prior; 44 mo with ≥3 prior). Median PFS

was not reached for patients with 0 and 1-2 prior therapies, and was

40.6 months in patients with ≥3 prior therapies (Figure 1). The differ-

ences in PFS between 0 versus ≥3 lines of therapy and 1-2 versus ≥3

lines of therapy were significant (P < 0.0001 and P = 0.0109, respec-

tively); the difference in PFS between 0 versus 1-2 lines of therapy

Treatment Naive

1-2 Prior therapies

≥3 Prior therapies

Treatment Naive

1-2 Prior therapies

≥3 Prior therapies

Median PFS, months 
(95% CI)

36-month PFS, % 
(95% CI)

NR (NE, NE)

81 (72, 87)

NR (NE, NE)

74 (61, 83)

40.6 (26.2, NE)
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F IGURE 1 Progression-free

survival and overall survival with
ibrutinib by prior lines of therapy.
A, Progression-free survival by
investigator assessment. B, Overall
survival. Median follow-up times by
subgroups were 36 months for
0 prior and 44 months for 1/2 prior
and ≥3 prior. The tick marks indicate
patients with censored data. NE, not
estimable; NR, not reached; OS,
overall survival; PFS, progression-
free survival
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was not significant (P = 0.2387). The 36-month PFS rate for each

group was 81%, 74%, and 54%, respectively. In patients with del(11q),

median PFS was 38.5 months for patients with ≥3 prior therapies, and

was not reached for patients with 0 to 2 prior therapies (data not

shown). Median OS was not reached in any subgroup. The difference

in OS between 0 versus ≥3 lines of therapy was significant

(P = 0.0091); differences in OS between 0 versus 1-2 lines of therapy

and 1-2 versus ≥3 lines of therapy were not significant (P = 0.2349 and

P = 0.2375, respectively). The 36-month OS rate was 88%, 83%, and

75% for patients with 0, 1-2, or ≥3 prior therapies, respectively.

The ORR was 92% (complete response [CR], 22%) in TN patients

and 92% (CR, 7%) across previously treated subgroups (96% [CR, 6%]

for 1-2 prior treatments and 88% [CR, 7%] for ≥3 prior therapies).

Analysis of cumulative response over time showed that response

rates (including CRs) increased regardless of lines of therapy

(Figure 2), particularly in those who received ibrutinib as their initial

treatment. The median time to CR was 20 months (range, 7-38) for

TN patients, 10 months (range, 6-14) for patients with 1-2 prior lines,

and 17.5 months (range, 5-36) for patients with ≥3 prior lines of

therapy.
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patients who discontinued because of PD without transformation.10

Initial reports from these studies indicated that patients who discon-

tinued because of nonrelapse reasons (including AEs) also had a poor

prognosis following ibrutinib discontinuation.9,10 However, these

reports primarily included very high-risk patients with combinations

of del(17p), unmutated IGHV, or complex karyotype, who were exten-

sively pretreated, had relapsed early, and/or had exhausted available

treatments, including anti-CD20 therapies, alkylating agents, and

purine analogs.9,10 In addition, few TN patients were included, and

follow-up durations were shorter than in the current study. Subse-

quently, longer follow-up of one study indicated that better survival

outcomes were observed in patients who discontinued because of

treatment-related toxicity compared with progressive CLL.15 Consis-

tent with these updated findings, in the present analysis, patients

who discontinued because of AEs had better survival outcomes than

those who discontinued because of PD, particularly in later lines of

therapy.

The studies described above were conducted before the availabil-

ity of venetoclax or idelalisib; recent studies have shown more favor-

able outcomes when these novel agents were used following

discontinuation of ibrutinib.16–19 A multicenter, retrospective study

that evaluated 178 patients following discontinuation of ibrutinib or

idelalisib (N = 178) reported an ORR of 50% with an alternative kinase

inhibitor, 25% with chemoimmunotherapy, 36% with anti-CD20

monoclonal antibody, and 76% with BCL-2 inhibitor therapy.17 Of the

16 patients who received idelalisib, the ORR was 28%.17 Results from

a phase 2 study of venetoclax showed an ORR of 70% in a subgroup

of 43 patients previously treated with ibrutinib.19 An analysis of

patients receiving frontline ibrutinib showed promising results

wherein patients responded to chemoimmunotherapy regimens and

chlorambucil after discontinuation of ibrutinib.20 In the present analy-

sis, many patients who received therapies following ibrutinib discon-

tinuation remained alive, albeit with short follow-up. Factors such as

number of prior therapies, presence or absence of del(17p), and avail-

ability of subsequent therapies, may contribute to the observed differ-

ences in post-ibrutinib salvageability across these various studies.

Currently, few patients have progressed on treatment with single-

agent ibrutinib. Evolving data from the RESONATE-2 study suggest

responses with chemoimmunotherapy after treatment with ibrutinib

in the first-line setting is achievable.20

This integrated, retrospective analysis of the randomized RESO-

NATE and RESONATE-2 studies supports once-daily treatment with

single-agent ibrutinib leading to high response rates and favorable

survival in patients with CLL/SLL, with the best outcomes experi-

enced in those who receive ibrutinib in earlier lines of therapy.

Further, the analysis suggests that the best outcomes following dis-

continuation of ibrutinib were observed in patients who received

ibrutinib in the first-line or second-/third-line settings. As follow-up

matures, results of outcomes with subsequent anticancer regimens

will allow for a better understanding of salvageability following ibru-

tinib discontinuation, particularly for those who have not received

standard chemoimmunotherapy.

ACKNOWLEDGMENTS

We thank the patients participating in this study, and their supportive

families. Supriya Srinivasan, PhD, funded by Pharmacyclics LLC, an

AbbVie Company, wrote the first draft and provided medical writing

support in the preparation of this manuscript. PCYC-1112 was spon-

sored by Pharmacyclics LLC, an AbbVie Company, and Janssen

Pharmaceuticals. PCYC-1115 was sponsored by Pharmacyclics LLC,

an AbbVie Company. Pharmacyclics LLC, an AbbVie Company, was

responsible for the study design, data analysis, compilation of data

summaries, and confirmation of accuracy of data, and contributed to

the data interpretation and writing of the report.

AUTHOR CONTRIBUTIONS

All authors had full access to all of the data in the study and take

responsibility for the integrity of the data and the accuracy of the data

analysis.

Study concept and design: S.M. O'Brien, D.F. James, J. Ninomoto.

Acquisition, analysis, or interpretation of data: All authors.

Drafting of the manuscript: S.M. O'Brien, J. Ninomoto, D.F. James.

Critical revision of the manuscript for important intellectual content:

J.C. Byrd, P. Hillmen, S. Coutre, J.R. Brown, P.M. Barr, J.C. Barrientos,

S. Devereux, T. Robak, N.M. Reddy, T.J. Kipps, A. Tedeschi,

F. Cymbalista, P. Ghia, J.A. Burger.

Statistical analysis: S. Chang.

CONFLICT OF INTERESTS

Dr. O'Brien has consulted for and received honoraria from AbbVie, Jans-

sen, and Pharmacyclics LLC, an AbbVie Company; she has also received

research funding from Pharmacyclics LLC, an AbbVie company; Dr. Byrd

has received research funding from Genentech, Acerta, and Pharmacyc-

lics LLC, an AbbVie Company; Dr. Hillmen has consulted for, received

honoraria, and served on the speakers' bureau for AbbVie, Janssen,

Gilead, Acerta, and has received research funding from Pharmacyclics

LLC, an AbbVie Company, AbbVie, Janssen, Roche, GlaxoSmithKline, and

Gilead; Dr. Coutre has consulted for AbbVie, Gilead, Novartis, Celgene,

Janssen, and Pharmacyclics LLC, an AbbVie Company, and has received

research funding from AbbVie and Pharmacyclics LLC, an AbbVie Com-

pany, Gilead, Celgene, and Novartis; Dr. Brown has consulted for Jans-

sen, Gilead, Sun Biopharma, AbbVie, Pfizer, AstraZeneca, Astellas, RedX,

TG Therapeutics, and Pharmacyclics LLC, an AbbVie Company, and has

received research funding from Gilead and Sun Biopharma; Dr. Barr has

consulted for Pharmacyclics LLC, an AbbVie Company, AbbVie, Celgene,

Novartis, Seattle Genetics, and Infinity Pharmaceuticals, and has received

research funding from Pharmacyclics LLC, an AbbVie Company; Dr.

Barrientos has consulted for and received research funding from AbbVie,

Gilead, and Pharmacyclics LLC, an AbbVie Company, and has consulted

for Janssen; Dr. Devereux has consulted for and received honoraria from

Janssen, AbbVie, MSD, and Gilead, and served on the speakers' bureau

and received travel accommodations from Janssen and Gilead; Dr. Robak

has received research funding from Pharmacyclics LLC, an AbbVie

O'BRIEN ET AL. 561



Company; Dr. Reddy has consulted for Celgene, Gilead, AbbVie, and

Bristol-Myers Squibb, and has received research funding from Bristol-

Myers Squibb; Dr. Kipps has consulted for AbbVie, Genentech, and

Gilead, and Pharmacyclics LLC, an AbbVie Company, and has received

research funding from AbbVie, Genentech, Pharmacyclics LLC, an Abb-

Vie Company, and Oncternal; Dr. Tedeschi has consulted for and

received honoraria from Janssen and AbbVie, and has also received hon-

oraria from Gilead and Roche; Dr. Cymbalista has received honoraria

from Janssen, Gilead, Abbvie, Sunesis, and Roche, has consulted for Abb-

Vie, has received research funding from Sunesis, and has also received

travel accommodations from Roche, Gilead, and Abbvie; Dr. Ghia has

consulted for AbbVie, Adaptive, Acerta/AstraZeneca, Gilead, Janssen,

and Pharmacyclics LLC, an AbbVie Company, and has received research

funding from AbbVie, Gilead, Janssen, and Novartis; he has also served

on the speakers' bureau for Gilead; Dr. Chang is employed by Pharma-

cyclics LLC, an AbbVie Company, and holds stock ownership with Abb-

Vie, Johnson & Johnson, Portola, Abbott, and Ipsen; Dr. Ninomoto is

employed with Pharmacyclics LLC, an AbbVie Company, and holds stock

ownership with Amgen, Celgene, and AbbVie; Dr. James is employed

with Pharmacyclics LLC, an AbbVie Company and her husband is

employed with AbbVie; both have equity ownership; she also owns pat-

ents/royalties/other intellectual property with AbbVie; Dr. Burger has

consulted for and received honoraria and travel accommodations from

Gilead, TG Therapeutics, Pharmacyclics LLC, an AbbVie Company,

Novartis, and Janssen, and has received research funding from Pharma-

cyclics LLC, an AbbVie Company.

ORCID

Susan M. O'Brien https://orcid.org/0000-0002-2481-7504

Tadeusz Robak https://orcid.org/0000-0002-3411-6357

REFERENCES

1. de Rooij MF, Kuil A, Geest CR, et al. The clinically active BTK inhibitor

PCI-32765 targets B-cell receptor- and chemokine-controlled adhe-

sion and migration in chronic lymphocytic leukemia. Blood. 2012;119

(11):2590-2594.

2. Herman SE, Gordon AL, Hertlein E, et al. Bruton tyrosine kinase rep-

resents a promising therapeutic target for treatment of chronic lym-

phocytic leukemia and is effectively targeted by PCI-32765. Blood.

2011;117(23):6287-6296.

3. Herman SE, Mustafa RZ, Gyamfi JA, et al. Ibrutinib inhibits BCR and

NF-kappaB signaling and reduces tumor proliferation in tissue-

resident cells of patients with CLL. Blood. 2014;123(21):3286-3295.

4. Ponader S, Chen SS, Buggy JJ, et al. The Bruton tyrosine kinase inhibi-

tor PCI-32765 thwarts chronic lymphocytic leukemia cell survival and

tissue homing in vitro and in vivo. Blood. 2012;119(5):1182-1189.

5. Woyach JA, Bojnik E, Ruppert AS, et al. Bruton's tyrosine kinase

(BTK) function is important to the development and expansion of

chronic lymphocytic leukemia (CLL). Blood. 2014;123(8):1207-1213.

6. Burger JA, Tedeschi A, Barr PM, et al. Ibrutinib as initial therapy for

patients with chronic lymphocytic leukemia. N Engl J Med. 2015;373

(25):2425-2437.

7. Byrd JC, Brown JR, O'Brien S, et al. Ibrutinib versus ofatumumab in

previously treated chronic lymphoid leukemia. N Engl J Med. 2014;

371(3):213-223.

8. Brown JR, Hillmen P, O'Brien S, et al. Updated efficacy including

genetic and clinical subgroup analysis and overall safety in the phase

3 RESONATE trial of ibrutinib versus ofatumumab in previously trea-

ted chronic lymphocytic leukemia/small lymphocytic lymphoma.

Blood. 2014;124(21). Abstract 3331.

9. Jain P, Keating M, Wierda W, et al. Outcomes of patients with chronic

lymphocytic leukemia after discontinuing ibrutinib. Blood. 2015;125

(13):2062-2067.

10. Maddocks KJ, Ruppert AS, Lozanski G, et al. Etiology of ibrutinib ther-

apy discontinuation and outcomes in patients with chronic lympho-

cytic leukemia. JAMA Oncol. 2015;1(1):80-87.

11. Byrd JC, Furman RR, Coutre SE, et al. Three-year follow-up of

treatment-naive and previously treated patients with CLL and SLL

receiving single-agent ibrutinib. Blood. 2015;125(16):2497-2506.

12. O'Brien SM, Furman RR, Coutre SE, et al. Five-year experience with

single-agent ibrutinib in patients with previously untreated and

relapsed/refractory chronic lymphocytic leukemia/small lymphocytic

leukemia. Blood. 2016;128(22). Abstract 233.

13. Mato AR, Nabhan C, Thompson MC, et al. Toxicities and outcomes of

621 ibrutinib-treated chronic lymphocytic leukemia patients in the

United States: a real-world analysis. Haematologica. 2018;103:874-

879. https://doi.org/10.3324/haematol.2017.182907.

14. Kipps TJ, Fraser C, Coutre SE, et al. Outcomes of ibrutinib-treated

patients with chronic lymphocytic leukemia/small lymphocytic leuke-

mia with high-risk prognostic factors in an integrated analysis of 3

randomized phase 3 studies. In: XVII International Workshop on

Chronic Lymphocytic Leukemia; 2017; New York, New York.

15. Jain P, Thompson PA, Keating M, et al. Causes of discontinuation and

long-term outcomes of patients with CLL after discontinuing ibruti-

nib. Blood. 2016;128(22). Abstract 4390.

16. Mato A, Nabhan C, Barr PM, et al. Favorable outcomes in CLL pts

with alternate kinase inhibitors following ibrutinib or idelalisib discon-

tinuation: results from a large multi-center study. Blood. 2015;126

(23). Abstract 719.

17. Mato AR, Nabhan C, Barr PM, et al. Outcomes of CLL patients trea-

ted with sequential kinase inhibitor therapy: a real world experience.

Blood. 2016;128(18):2199-2205.

18. Jones J, Mato AR, Coutre S, et al. Preliminary results of a phase

2, open-label study of venetoclax (ABT-199/GDC-0199) monother-

apy in patients with chronic lymphocytic leukemia relapsed after or

refractory to ibrutinib or idelalisib therapy. Blood. 2015;126(23).

Abstract 715.

19. Jones J, Choi MY, Mato AR, et al. Venetoclax (VEN) monotherapy for

patients with chronic lymphocytic leukemia (CLL) who relapsed after

or were refractory to ibrutinib or idelalisib. Blood. 2016;128(23).

Abstract 637.

20. Barr PM, Robak T, Owen CJ, et al. Updated efficacy and safety from

the phase 3 Resonate-2 study: ibrutinib as first-line treatment option

in patients 65 years and older with chronic lymphocytic leukemia/

small lymphocytic leukemia. Blood. 2016;128(22). Abstract 234.

SUPPORTING INFORMATION

Additional supporting information may be found online in the Sup-

porting Information section at the end of this article.

How to cite this article: O'Brien SM, Byrd JC, Hillmen P,

et al. Outcomes with ibrutinib by line of therapy and post-

ibrutinib discontinuation in patients with chronic lymphocytic

leukemia: Phase 3 analysis. Am J Hematol. 2019;94:554–562.

https://doi.org/10.1002/ajh.25436

562 O'BRIEN ET AL.

https://orcid.org/0000-0002-2481-7504
https://orcid.org/0000-0002-2481-7504
https://orcid.org/0000-0002-3411-6357
https://orcid.org/0000-0002-3411-6357
https://doi.org/10.3324/haematol.2017.182907
https://doi.org/10.1002/ajh.25436

