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Abstract

Purpose: Ibrutinib, a first-in-class, once-daily, oral inhibitor of Bruton’s tyrosine kinase, 

promotes apoptosis, and inhibits B-cell proliferation, adhesion, and migration. Ibrutinib has 

demonstrated single-agent efficacy and acceptable tolerability at doses of 420 and 840 mg in 

patients with chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL) who were 
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treatment naïve (TN) or had relapsed/refractory (R/R) CLL after ≥1 prior therapy in a phase 1b/2 

study (PCYC-1102). Subsequently, the ibrutinib 420 mg dose was approved in CLL.

Experimental Design: We report data with 44 months of follow-up on 94 patients with TN and 

R/R CLL/SLL receiving ibrutinib 420 mg once-daily in PCYC-1102 and the long-term extension 

study PCYC-1103.

Results: Ninety-four CLL/SLL patients (27 TN, 67 R/R) were treated with ibrutinib (420 mg/

day). Patients with R/R disease had received a median of 4 prior therapies (range, 1–12). 

Responses were rapid and durable and median duration of response was not reached. Best overall 

response was 91% (85% TN [complete response (CR) 26%] and 94% R/R [9% CR]). Median 

progression-free survival (PFS) was not reached in either group. The 30-month PFS rate was 96% 

and 76% for TN and R/R patients, respectively. Ibrutinib was well tolerated with extended follow-

up; rates of grade ≥3 cytopenias and fatigue, as well as discontinuations due to toxicities decreased 

over time.

Conclusions: Single-agent ibrutinib at 420 mg once-daily resulted in durable responses and was 

well tolerated with up to 44 months follow-up in patients with TN and R/R CLL/SLL. Presently, 

66% of patients continue on ibrutinib.

Keywords

ibrutinib; CLL; durable response

Introduction

Bruton’s tyrosine kinase (BTK) plays an important role in B-cell receptor (BCR) signaling 

in normal and malignant B cells (1). Ibrutinib is a first-in-class, once-daily, oral covalent 

inhibitor of BTK (2). Preclinical data showed promising activity with ibrutinib via its ability 

to promote apoptosis (3), inhibit B-cell survival and proliferation (4), and inhibit B-cell 

adhesion and migration (5). In vivo analysis of cells of patients with chronic lymphocytic 

leukemia (CLL) showed that ibrutinib once-daily caused sustained inhibition of BTK and 

inhibition of BCR signaling in both circulating and tumor cells within the tissue 

microenvironment (6). Preclinical results translated well to the clinical setting with 

substantial activity observed across several B-cell histologies (7).

Results from a phase 1b/2 study (PCYC-1102) of ibrutinib 420 mg or 840 mg once-daily in 

31 patients with treatment-naïve (TN),(8) symptomatic CLL or small lymphocytic 

lymphoma (SLL) aged ≥ 65 years and 85 patients with ≥1 prior therapy (R/R),(9) showed 

high response rates, durable remissions, and a satisfactory toxicity profile. After 

pharmacodynamic assessment indicated that ≥95% BTK occupancy and rapid absorption 

and elimination of ibrutinib were observed at both dose levels, the 840 mg dosing cohort 

was closed before full accrual of TN patients. Overall response rate (ORR) was similar in 

the 420 and 840 mg dose cohorts (71% PR+CR, with an additional 20% and 15% achieving 

partial response with lymphocytosis [PR-L], respectively)(9). )Clinical efficacy of oral 

ibrutinib 420 mg once daily has also been demonstrated in the phase 3 RESONATE™ study 

(PCYC-1112). This analysis of 391 patients showed that ibrutinib 420 mg resulted in 

significant reduction in the rate of progression or death compared with ofatumumab in 
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patients with R/R CLL (10). This encouraging activity in patients with deletion 17p (del17p) 

CLL led to full approval of the 420 mg once-daily, oral dose of single-agent ibrutinib by the 

US Food and Drug Administration for treatment of patients with CLL who have received ≥1 

prior therapy, and for patients with del17p CLL including as first-line therapy (11). More 

recently, 3-year follow-up data from PCYC-1102 and the long-term extension study 

PCYC-1103 in 132 patients (R/R CLL/SLL [n=85], TN [n=31], and CLL ≥2 prior therapies 

food effect [n=16]) showed that extended treatment with ibrutinib improved quality of 

response over time, durable remissions, and acceptable toxicity (12). We report safety and 

efficacy data, with continued follow-up (up to 44 months), for patients in the phase 1b/2 

study (PCYC-1102) and extension study (PCYC-1103) who received ibrutinib 420 mg once-

daily until progression.

Patients and Methods

The phase 1b/2 study (PCYC-1102) enrolled 132 patients with TN or R/R CLL/SLL to 

receive either oral ibrutinib 420 mg or 840 mg once-daily on a continuous schedule until 

progressive disease (PD) or intolerable toxicity. Full details of the study methodology were 

described previously (8,9). This analysis describes the efficacy and safety of ibrutinib in 

patients treated with the approved 420 mg daily-dose for treatment of CLL.

All patients were diagnosed with CLL or SLL. The TN group included patients with 

previously untreated CLL/SLL aged ≥65 years; the R/R group included patients with ≥2 

prior therapies including a purine analog, and patients with high-risk CLL/SLL (progression 

of disease within 24 months of chemoimmunotherapy or failure to respond). Patients 

completing a minimum of 6 treatment cycles with no evidence of PD were enrolled in the 

long-term extension study (PCYC-1103). Responses are per investigator assessment, based 

on International Workshop on CLL (iwCLL) 2008 criteria with marrow aspiration required 

to confirm CR. PR in the setting of persistent lymphocytosis was characterized as PR-L and 

included in the reported response rate. In PCYC-1102, all-grade adverse events (AEs) were 

collected. In PCYC-1103, only grade ≥3 AEs, serious AEs, and AEs leading to 

discontinuation or dose modification were captured. All AEs were reported as maximum 

grade per patient. Patients provided written informed consent, and studies were conducted in 

accordance with the principles of the Declaration of Helsinki. The independent review board 

of each participating institution reviewed study protocols before implementation. Both 

studies are registered at clinicaltrials.gov (PCYC-1102: NCT01105247; PCYC-1103: 

NCT01109069).

Results

Patient characteristics

Of the 132 CLL/SLL patients, 94 were treated with ibrutinib 420 mg per day, including 27 

TN patients aged ≥65 years, and 67 R/R patients. The median age was 71 years (range, 65–

84) in the TN cohort and 66 years (range, 37–82) in the R/R cohort. Baseline patient and 

disease characteristics are summarized in Table 1. Previously treated patients received a 

median of 4 prior therapies (range, 1–12), predominantly of chemotherapy (100%) and anti-

CD20 antibody (99%).
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Patient disposition and safety

The median time on treatment was 30 months (range, 1–44) for TN and 22 months (range, 

0–45) for R/R patients. Twenty-two (81%) TN and 40 (60%) R/R patients remain on 

ibrutinib treatment in the extension study. The primary reasons for discontinuing therapy 

included PD in 12 (13%) of 94 patients (1 [4%] of 27 TN patients, 11 [16%] of 67 R/R 

patients) and AEs in 12 (13%) patients (3 [11%] TN, 9 [13%] R/R); of those, 3 (13%) 

patients had transformation events. Of patients discontinuing due to PD, 5 occurred in year 1 

(1 TN, 4 R/R), 4 in year 2 (R/R), and 3 in ≥ year 3 (R/R). For 12 patients discontinuing due 

to AEs, 7 discontinued in year 1, 3 in year 2, and 2 beyond year 3 (Supplementary Table S1). 

Four AEs leading to treatment discontinuation were considered related to ibrutinib treatment 

(1 each grade 3 subdural hematoma and influenza in 2 R/R patients, and 1 each grade 3 

pruritic rash and fatigue in 2 TN patients). See Supplementary Table S2 for a further 

summary of AEs.

The most common grade ≥3 AEs observed were hypertension (26% TN, 22% R/R) and 

pneumonia (4% TN, 19% R/R). Grade ≥3 cytopenias were less common in TN than R/R 

patients (4% vs. 16% for neutropenia, 4% vs. 7% thrombocytopenia, and 0 vs. 1% anemia, 

respectively). A similar pattern was seen with grade ≥3 infections (11% TN, 48% R/R). 

Major hemorrhage events were observed in 5% of patients over a median 25 months of 

treatment. The frequency of grade ≥3 AEs occurring during years ≤1, >1–2, and >2–3 on 

therapy generally decreased with time including for infection (27%, 25%, and 16%), 

neutropenia (11%, 1%, 2%), thrombocytopenia (5%, 1%, 0%), atrial fibrillation (3%, 3%, 

0%), diarrhea (3%, 4%, 2%), pneumonia (10%, 6%, 6%), and fatigue (4%, 1%, 0%, 

respectively). The frequency of hypertension appeared higher during the later parts of 

exposure: 11% during year ≤1 and 20% during year >2–3 (Figure 1A).

Generally, TN patients experienced fewer grade ≥3 toxicities, particularly infectious and 

hematologic toxicities, compared with R/R patients (Figure 1B). Grade ≥3 drug-related AEs 

were reported in 6 (22%) TN patients and 25 (37%) R/R patients. Grade ≥3 drug-related 

serious AEs were reported in 1 (4%) TN patient and 8 (12%) R/R patients. Dose reduction 

due to an AE occurred in 8 patients (1 TN, 7 R/R), with 7 patients having a dose reduction in 

year 1, and 1 patient (R/R) with a dose reduction in year 3. The most common AE leading to 

dose reduction was nausea.

Response

Patients with TN CLL had an ORR of 85%, with 26% complete response (CR), 52% partial 

response (PR), and 7% PR-L. For R/R patients, an ORR of 94% was observed, with 9% CR, 

82% PR, and 3% PR-L. The overall best response to ibrutinib is summarized in Figure 2A. 

Among patients achieving PR or better, median time to initial response (PR-L or better) was 

2 months, with median time to best response of 7 months, and median time to CR of 17 

months (Supplementary Table S3). With longer-term follow-up, analysis of cumulative best 

response over time showed that 49 of 53 (92%) patients with PR-L converted to a deeper 

response (CR or PR) with longer duration of therapy (Supplementary Table S4). Median 

duration of response was not reached in both TN and R/R patients.
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Survival

The estimated 30-month PFS rate was 96% (95% CI, 74%−99%) in TN and 76% (95% CI, 

63%−85%) in R/R patients. Median PFS was not reached for either group (Figure 2B). The 

PFS with ibrutinib varied by cytogenetic abnormality (Supplementary Table S5; 

Supplementary Figure 1A); among the previously treated population, patients with del17p 

(n=23) had a 30-month estimated PFS rate of 60% (95% CI, 34%−78%), less than the 82% 

(95% CI, 55%−94%) observed for patients with del11q (n=18), and the 85% (95% CI, 60%

−95%) observed when neither of these aberrations were present (n=23).

The estimated 30-month overall survival (OS) rate was 96% (95% CI, 76%−99%) in TN 

patients and 87% (95% CI, 76%−93%) in R/R patients (Figure 2C). As with PFS, OS also 

varied by interphase cytogenetic abnormality; among the previously treated population, 

patients with del17p CLL had a 30-month estimated OS rate of 81% (95% CI, 58%−93%), 

less than the 88% (95% CI, 61%−97%) observed for patients with del11q, and the 90% 

(95% CI, 66%−98%) 30-month OS rate observed in patients lacking both of these 

aberrations (Supplementary Table S5; Supplementary Figure 1B).

Changes in cytopenias

Median baseline hemoglobin (Hgb) level was 122 g/L (range, 77–157) for TN patients, with 

37% of TN patients having anemia at baseline (Hgb ≤110 g/L). For patients with R/R 

disease, median Hgb was 118 g/L (range, 66–176) with 33% of patients with R/R CLL 

having anemia at baseline (Hgb ≤110 g/L). Median baseline platelet counts were 113 × 

109/L (range, 32–217) for TN patients with 41% of TN patients having thrombocytopenia at 

baseline (platelets ≤100 × 109/L). For patients with R/R disease, median platelet count was 

107 × 109/L (range, 29–310), with 39% of patients with R/R CLL having thrombocytopenia 

(platelets ≤100 × 109/L) at baseline. Among all treated patients with baseline anemia or 

thrombocytopenia, hemoglobin levels and platelet counts increased over time (Figure 3A).

Lymphocytosis

Transient lymphocytosis, an expected pharmacodynamic effect of ibrutinib, may result from 

impaired BCR- and chemokine-controlled retention of malignant cells in marrow and lymph 

nodes5. Lymphocytosis resolved in 100% of TN and 94% of R/R patients in a median time 

of 11.3 and 19 weeks respectfully. Analysis of the white blood cell differential showed that, 

over time, the proportion of lymphocytes decreased (Figure 3B). In contrast, there was a 

coincident increase in the proportion of neutrophils within the leukocyte differential over 

time (Figure 3B). Change in absolute numbers of white blood cells over time is tabulated 

below Figure 3B.

Discussion

Over 3 years of follow-up, patients with TN or R/R CLL/SLL receiving oral ibrutinib at the 

indicated dose of 420 mg once-daily experienced a high frequency of durable responses 

including CRs. Previously, patients treated with 840 and 420 mg doses were combined as 

efficacy was similar, and ≥95% BTK occupancy was achieved at both dose levels. With 

approval of the oral ibrutinib 420 mg once-daily dose in CLL, understanding the long-term 
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safety and efficacy of this dose is clinically relevant. The current analysis provided up to 44 

months of follow-up on older TN and R/R CLL/SLL patients receiving 420 mg single-agent 

ibrutinib once daily in the PCYC-1102 phase 1b/2 and PCYC-1103 long-term extension 

studies. This data is consistent with similar results from a previous report of this study that 

combined the dose groups (12). Most patients continue daily ibrutinib with notable 

improvement in the quality of response over time including conversion to PR or better in a 

majority of patients achieving PR-L initially. The ORR was 85% in TN patients (26% CR) 

and 94% in patients with R/R CLL (9% CR), with a median time to CR of 17 months. The 

higher CR rate in TN patients may result from either a larger proportion of patients 

continuing on therapy beyond the 1- and 2-year timepoint, or from these patients receiving 

ibrutinib earlier in their disease course. Median DOR was not reached in either group, with 

estimated 30-month progression-free rates of 95% (TN) and 79% (R/R).

Median PFS was also not reached for either group, with estimated 30-month PFS rates of 

96% (TN) and 76% (R/R). Among the R/R population, the estimated 30-month PFS rate was 

lower in patients with del17p (60%) compared with patients with del11q (82%) and with 

neither cytogenetic abnormality (85%). The estimated 30-month OS rate was 81% in 

patients with del17p, 88% in patients with del11q, and 90% in patients with neither 

cytogenetic abnormality. Median PFS of 32 months observed in patients with R/R del17p 

CLL was a major advance, given that the R/R population was heavily pretreated with a 

median of 4 prior therapies, and that survival outcomes are typically poor. These patients 

usually have limited OS of 1 to 2 years (13), with inadequate outcomes such as median PFS 

≤1 year even from first-line therapies (14,15). Median OS was not reached for any patients, 

including those with del17p or del11q CLL.

Ibrutinib was generally well tolerated allowing for extended dosing in most patients (81% of 

TN and 60% of R/R) with all but 3 (95%) continuing on 420 mg of ibrutinib daily. Adverse 

events leading to treatment discontinuation and the rate of grade ≥3 infections decreased 

over time. Grade ≥3 infectious AEs and severe hematologic toxicity were reported at a 

higher rate for patients who received prior therapy, suggesting that prior therapy and/or 

general disease state may have contributed to the occurrence of these events in this 

uncontrolled study.

Prolonged treatment with ibrutinib 420 mg once daily also resulted in early and sustained 

improvement in hemoglobin and platelet counts for patients with baseline anemia or 

thrombocytopenia. Incremental changes in the leukocyte differential were observed over 

time, with continual decrease in lymphocytes and increase in the proportion of neutrophils. 

These findings are consistent with general restoration of hematologic function with ibrutinib. 

Treatment-related lymphocytosis, a pharmacodynamic effect observed with ibrutinib as 

demonstrated in this study, typically occurred early in the course of treatment, was 

asymptomatic, associated with concurrent improvement in lymph node, spleen, and/or 

cytopenias, and resolved in the majority of patients with continued treatment (12). This 

effect, seen within the class of inhibitors of BCR signaling, led the iwCLL to clarify that the 

lymphocytosis seen with these agents in the context of improvement in other parameters 

should not be considered a sign of treatment failure (16). Results of a landmark analysis 

using data from PCYC-1102 showed no significant difference in PFS or OS between 
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ibrutinib-treated patients who achieved PR-L versus patients who achieved traditional PR or 

CR, supporting the hypothesis that patients with persistent lymphocytosis achieve similar 

survival outcomes (17). In the present study, the majority of patients with PR-L converted to 

a deeper response (CR or PR) with continued ibrutinib treatment, supporting earlier findings 

that treatment-related lymphocytosis improves or resolves with time.

Notably, with up to 44 months of follow-up, 66% of patients (81% TN and 60% R/R) 

continue on single-agent ibrutinib 420 mg once daily in the PCYC-1103 extension study. 

The recently completed randomized RESONATE study (10) and initial RESONATE-2 study 

results (18) confirm the efficacy of ibrutinib versus controlled comparators in TN and R/R 

patients with CLL/SLL. Additional studies in these settings are evaluating efficacy of 

ibrutinib in combination with CD20 antibodies-or other targeted agents.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Translational Relevance

Ibrutinib, a first-in-class, once-daily, oral, covalent inhibitor of BTK is approved at the 

420 mg dose for treatment of patients with CLL/SLL, and for CLL/SLL with deletion 

17p. Approval of ibrutinib in CLL was based on data from the PCYC-1102 study (420 

mg/day). Initial reports of the PCYC-1102 study at 420 or 840 mg/day showed high 

response rates and durable remissions with approximately 21 months of follow-up. A 

recent 3-year follow-up showed improvement in both frequency and quality of responses 

as well as acceptable toxicity with continued ibrutinib (420 or 840 mg/day). We report 

safety and efficacy outcomes in the subset of patients from the PCYC-1102/1103 studies 

receiving the approved ibrutinib dose in CLL of 420 mg/day with up to 44 months of 

follow-up. Prolonged treatment with ibrutinib is well tolerated with durable responses, in 

patients with treatment-naïve and previously treated CLL.
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Figure 1. Grade ≥3 adverse events.
(A) Grade ≥3 adverse events by time to event onset. Listed adverse events include those that 

occurred in ≥5% of patients in all-treated population; denominator for each term and time 

period can vary based on those at risk. (B) Frequency of grade ≥3 adverse events by 

treatment-naïve (TN) or relapsed/refractory (R/R) status.
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Figure 2. Best response by investigator assessment and survival with ibrutinib over time.
(A) Best response (investigator-assessed) to ibrutinib therapy. (B) Progression-free and (C) 

overall survival in patients with TN and R/R CLL.
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Figure 3. Change in blood cell counts over time.
(A) Mean hemoglobin levels and platelet counts over time among all patients receiving 

ibrutinib 420 mg/day with baseline anemia (defined as baseline hemoglobin ≤110 g/L) or 

thrombocytopenia (defined as baseline platelets ≤100 × 109/L). (B) Change in white blood 

cell differential and in absolute numbers of white blood cells over time.
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Table 1.

Patient and disease characteristics and comorbidity at baseline

Characteristic TN ≥65 years 420
(n = 27), %

R/R 420
(n = 67), %

Median age, years (range) 71 (65–84) 66 (37–82)

 ≥70 years 74% 36%

ECOG PS

 0 78% 40%

 1 22% 57%

 2 0% 3%

Rai stage

 0-II 41% 45%

 III-IV 56% 51%

 Unknown 4% 4%

Bulky nodes

 >5 cm 11% 52%

 >10 cm 0% 9%

β2-microglobulin level >3 mg/L 30% 42%

FISH cytogenetic abnormalities

 Del17p 7% 34%

 Del11q 0% 33%

Any cytopenia 67% 54%

Median ANC, 109/L (range) 4 (0–19) 2.5 (0–14)

 ≤1.5 × 109/L 4% 27%

Median hemoglobin, g/L (range) 122 (77–157) 118 (66–176)

 ≤110 g/L 37% 33%

Median platelets, 109/L (range) 113 (32–217) 107 (29–310)

 ≤100 × 109/L 41% 39%

Median CrCl rate, mL/min (range) 67 (31–114) 81 (36–213)

 ≤60 mL/min 30% 19%

Median prior therapies, n (range) 4 (1–12)

 1–2 -- 31%

 3 13%

 ≥4 55%

Type of prior systemic therapy

--

 Chemotherapy 100%

 Nucleoside analog 94%

 Alkylator (including bendamustine) 90%

 Any anti-CD20–based therapy 99%

 Anti-CD20–based chemoimmunotherapy 97%

 Anti-CD52–based therapy (alemtuzumab) 24%

 Idelalisib 6%
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ANC, absolute neutrophil count; CrCl, creatinine clearance; ECOG PS, Eastern Cooperative Oncology Group performance status; FISH, 
fluorescence in situ hybridization; R/R, relapsed/refractory; TN, treatment-naïve.
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